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PREFACE. 

A  PUBLIC  announcement  was  made  some  months 
"^*-  ago.  that  the  American  Railroad  Journal  and 
Van  Nostrand's  Engineering  Magazine  had  been  sold 
to  me,  and  that  the  two  would  be  consolidated  on 
January  1st.  1S87,  under  my  editorial  management. 
The  title  for  the  combined  publication  instead  of  being 
the  American  Engineering  Magazine  and  Railroad 
Journal,  as  was  first  announced,  will  be  The  Railroad 
AND  Engineering  Journal,  which  will  be  devoted  to 
the  discussion  of  engineering  and  mechanical  subjects. 
Railroad  construction  and  operation  being,  however,  the 
most  important  branches  of  engineering  in  this  country, 
more  space  will  be  devoted  to  them  than  to  any  other  one 
department  of  engineering.  Questions  of  traffic  and 
finance  will  not  be  taken  up,  excepting  so  far  as  they  are 
incidentally  concerned  with  engineering  matters. 

The  Journal,  in  its  new  form,  will  be  an  illustrated 
monthly  publication,  having  more  the  character  of  a  maga- 
zine than  of  a  trade  journaf.  The  editor  will  aim  to  main- 
tain the  high  character  of  Van  Nostrand' s  Engineering  Ma- 
_fa2/«<',  but  some  changes  will  be  made  to  adapt  its  successor 
to  a  somewhat  wider  field,  which  its  new  proprietor  hopes 
to  be  able  to  occupy.  An  editorial  and  news  department 
will  be  added,  more  engravings  will  be  given,  and  especial 
effort  will  be  made  to  have  the  typography  and  printing 
of  both  the  reading  matter  and  advertisements,  and  the 
mechanical  work  generally,  of  the  best  kind.  It  is  in- 
tended that,  eventually,  a  larger  proportion  of  original 
matter  will  be  given  in  the  Journal  than  has  heretofore 
been  published  in  Van  Nostrand's  Engineering  Magazine, 
but  some  time  will  be  required  to  secure  contributors 
and  correspondents,  so  that   in  the  beginning  the  JOUR- 


NAL will  contain  a  considerable  proportion  of  selected 
articles. 

It  is  impossible,  though,  to  indicate  in  advance  pre- 
cisely the  character  which  the  Journal  will  assume. 
Its  editor  will  aim  to  adapt  it  to  the  wants  and  demands 
of  its  readers,  and  to  make  it  what  its  title  implies— a 
first-class  railroad  and  engineering  journal.  Its  future 
numbers  will  determine  its  value  to  its  readers,  whose 
verdict,  which  will  be' recorded  in  its  subscription  list,  is 
awaited  with  much  interest. 

Mr.  Frederick  Hobart,  who  for  more  than  ten  years 
was  associated  with  me  in  editorial  work,  will,  after  Jan- 
uary 1st,  assist  me  in  conducting  this  JOURNAL. 

M.  N.  Forney. 
New  York,  January  1st,  1887. 


OUR    PROGENITORS. 

A  S  The  Railroad  and  Engineering  Journal  is 
■^  *■  the  result  of  a  consolidation  of  two  publications,  its 
advent  seems  to  demand  some  account  of  its  lineage. 
Without  other  prelude  then,  the  history  of  the  oldest  of 
its  two  ancestors— the  American  Railroad  Journal— 
may  begin  with  the  announcement  of  its  birth.  This  was 
on  January  2d,  1832.  It  is,  therefore,  the  oldest  railroad 
paper  in  the  world.  Herapath's  Railway  Journal,  in  Eng- 
land, which  is  probably  the  next  oldest,  was  established 
in  1835  as  the  Railway  Magazine. 

It  has  been  announced  for  years  past,  on  the  title  page, 
and  elsewhere,  in  the  American  Railroad  Journal, 
that  it  was  established  in  1831.  This  was  due  to  the  fact 
that  the  first  number  of  the  Journal  in  the  office  file  is 
dated  January  2d,  1831,  whereas  another  copy  of  this 
number  is  dated  1832.  As  the  succeeding  numbers  in 
the  file  are  all  dated  1832,  it  shows  that  the  printer  fell 
into  the  common  error  of  not  changing  the  date  with  the 
new  year.  The  mistake  was,  however,  discovered  and 
corrected  before  the  whole  of  the  edition  was  printed. 

The  following  is  the  announcement  made  in  the  first 
number  : 

Amekica.s-  Railroad  Jouknal. 

The  subscriber  proposes  to  publish  a  weekly  journal,  commencing  about 
the  first  of  January,  ensuing,  to  be  called  the  American  Railroad  Jour- 
nal. A  principal  object  in  offering  the  proposed  work  to  the  public,  is  to. 
diffuse  a  more  general  knowledge  of  this  important  mode  of  internal  com- 
munication, which,  at  this  time,  .appears  to  engage  the  attention  of  almost 
every  section  of  our  country. 

The  American  Railroad  Journal  will  be  printed  on  a  sheet  of  the 
largest  size  (mammoth),  and  put  up  in  a  convenient  form  for  binding,  each 
number  to  contain  si.xteen  large  octavo  pages  of  three  columns  each.  The 
selections,  upon  the  subject  of  railroads  and  other  works  of  internal  improve- 
ment, will  be  from  the  best  authors,  both  of  Europe  and  America, and  will 
be  occasionally  illustrated  by  engravings.  A  part  of  this  journal  will  be  de- 
voted to  the  subject  of  internal  improvement— giving  a  history  of  the  fijst 
introduction  of  railroads  into  England,  and  their  improvements  to  the 
present  day.  It  will  also  notice  the  meetings,  in  different  sections  of  the 
country,  upon  the  subject  of  railroads.  The  remaining  part  of  the  paper  will 
contain  the  Literary,  Miscellaneous  and  News  matter  of  the  New  York 
American,  as  prepared  /or  that  paper,  omitting  ail  political  subjects,  ex- 
cept such  as  are  of  general  interest. 

The  terms  of  the  American  Railroad  Journal  are  three  dollars  per  an- 
num, payaile  in  advance  :  and  will  not  be  sent  without.  Any  person  who 
will  obtain  eight  subscribers,  and  remit  the  amount,  shall  have  a  copy 
gratis ;  and  to  companies  of  ten  subscribers,  who  associate  and  remit 
twenty-five  dollars,  it  will  be  sent  for  $2.50  each  per  annum.  The  Journal 
will  be  sent  ior  any  length  of  time  desired,  if  paid  in  advance.  It  will  be 
published  on  Saturdays. 

Letters  upon  the  subject  of  the  American  Railroad  Journal  may  be 
addressed,  free  of  postage,  to  the  publisher  and  part  proprietor, 

d.  k.  minor, 

No.  35  Wall  street,  New  York. 


THE     RAILROAD    AND 
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This  was  succeeded  by  the  following  address : 

To  Thb  Public. 
In  offering  the  Amkkican  Railroad  Journal  10  the  public  at 
when  so  much  and  such  general  interest  is  felt  on  the  subject  of 
in  different  sections  of  the  United  States,  no  apology  is  deei 
The  importance  of  some  other  mode  of  internal  communication  in  this 
country,  where  the  canals  and  rivers  are  for  about  one-third  of  the  year 
dosed  by  frost,  renders  it  highly  desirable  that  a  fair  experiment  should 
be  made  of  the  utility  of  railroads.  Such  experiments  arc  now  in  progress 
in  several  States  ;  and  all  information,  therefore,  upon  the  curaparative 
value  of  railroads  and  canals,  which  may  be  generally  dilTused  amongst 
the  people,  must  be  valuable,  as  it  may  pre\'.cnt  a  premature  and  useless 
expenditure  of  capita!  upon  works  conccrninj,'  which  sufficient  data  for  a 
correct  judgment  are  not  possessed.  Further  investigation  may  lead  to 
the  construction  of  new  canals,  of  jihe  value  of  which,  for  a  part  of  the 
year,  we  are  fully  aware ;  or  it  may  confirm  the  opinion,  fast  gaining 
ground  in  this  country,  that  railroads  will,  in  a  great  measure,  supersede 
canals,  and,  therefore,  hasten  the  construction  of  a  few  important  lines, 
through  those  pans  of  the  country  where  the  amount  of  business  will 
warrant  the  undertaking,  ll  is  liu  Dhjcct  i>f  this  JMurnal  to  disseminate  as 
extensively  as  possible,  ai.  ■.ni  publi- 

cations, little  known,  and  K  -'iserva- 


It  »s  intended  10  give  a  concise  history  of  the  introduction  of  railroads 
into  England  (which  appears  to  have  been  as  early  as  between  the  years 
i6o2  and  1649,  in  the  vicinity  of  Newcastle-upon-Tyne),  with  the  various 
improvements,  down  to  the  present  time  ;  and  to  trace  their  introduction 
into,  and  peculiar  adaptation  to  the  business  and  climate  of  this  country. 
It  will  also  be  the  aim  of  the  publisher  to  show,  what  //(■  thinks  may  be 
shewn  corclus.vilv,  that  for  practical  purposes,  railroads  are  far  superior 
to  any  other  mode  of  internal  communication;  and  that  they  must,  in  a 
few  years,  entirely  take  the  place  of  canals,  where  new  works  are  to  be 
constructed.  "  The  ;yreat  advantage  of  railways."  t.ays  Tredgold,  a  writer 
upon  the  subject,  "  will  consist  in  their  affording  the  means  of  transporting 
heavy  goods  with  speed  and  certainty  ;  and.  rccollectin":  that  railroads  are 
in  an  unperfecl  state,  while  the  united  efforts  ^A  our  civil  engineers  have 
been  chiefly  devoted  to  canals  for  about  a  century,  we  may  confidently 
hope  that  there  is  scope  for  improvement  ;  and  we  may  fairly  infer  that 
for  new  works  railroads  will,  in  nine  cases  out  of  ten,  be  belter  adapted  for 
pttblic  benefit  than  canals."  Entertaining  these  views,  and  aware  of  the 
general  movements  making  in  different  sections  of  the  country,  for  the 
purpose  of  adopting  measures  for  the  construction  of  railroads,  he  is  in- 
duced to  believe  that  a  publication  more  acceptable,  at  this  time,  to  a  large 
portion  of  the  intelligent  community,  could  not  be  offered  ;  anu  o  that 
class  of  readers  he  looks  with  confidence  for  a  liberal  patronage,  n.eaning. 
as  he  does,  to  merit  it  by  untiring  zeal  to  serve  them. 

After  this  an  article  from  Wood's  "  Treatise  on  Rail- 
roads," on  the  History  and  Progress  of  Railroads,  is  re- 
printed. 

The  second  page  contains  a  notice  of  a  locomotive  built 
by  BURSOM  &  Co..  of  Philadelphia,  which,  it  is  said,  "  is 
as  simple  as  a  common  cart  or  wheelbarrow," and  "works 
complete,  and  justifies  the  belief  that  it  will  out-run  the 
far-famed  '  Rocket '  and  '  Novelty.'  " 

All  publishers  and  most  editors  will  sympathize  with  a 
notice  on  the  same  page,  which  is  as  follows  : 

"  An  apology  may  be  due  to  those  gentlemen  to  whom  the  first  number 
of  the  Railroad  Journal  is  sent ;  if  so,  the  publisher  ti'usts  that  he  will  be 
permitted  to  apologize,  at  the  same  time,  for  respectfully  requesting  every 
gentleman  who  may  receive  it  not  only  to  subscribe  himself,  but  to  show 
it  to  his  neighbors,  that  they  may  also  subscribe,  and  remit  the  amount  in 
advance." 

This,  be  it  remembered,  was  written  fifty-five  years  ago. 
The  language,  therefore,  of  this  appeal  is  not  that  of  the 
present  editor  of  The  Railroad  and  En(;ineering 
Journal,  but  the  sentiments  which  were  so  felicitously 
expressed  by  the  founder  of  the  Journal,  are  in  exact 
accordance  with  those  of  its  present  owner. 

The  original  heading  and  two  others  which  succeeded 
it  have  been  reproduced,  and  are  given  on  the  next  page. 
Of  the  first  one  it  is  said,  editorially,  in  the  first  number 
that,  "  it  represents  the  locomotive  engine,  the  '  Novelty,' 
of  Messrs.  Braithwait  &  Ericsson  (which  competed  for  the 
prize  of  ;£5oo,  offered  by  the  Directors  of  the  Liverpool  & 
Manchester  Railway  Company,  and  which  would  probably 


have  taken  it,  but  for  some  trifling  difficulty  in  the  ma- 
chinery), with  a  carriage  for  passengers,  of  sufficient  size 
to  accommodate  eighteen  inside.'" 

Of  the  second  heading,  which  appeared  m  the  second 
number,  it  is  said,  "  the  cut  at  the  head  of  this  journal 
which,  although  not  one  of  the  late  improved  engines, 
gives  a  very  correct  idea  of  a  locomotive  engine  with  its 
train  attached." 

The  third  heading  appeared  in  the  first  number  of  the 
Journal  for  the  year  1833.    The  editor  says  of  it : 

"  The  cut  at  the  head  of  the  Journal  represents  the  American  locomo- 
tive engine  '  Philadelphia,'  built  at  the  West  Point  Foundry  Works,  in  this 
city,  for  the  Philadelphia,  Norristown  A:  Germantown  Railroad,  with  a 
freight  car,  passenger  car,  passenger  coach  and  private  carriage,  attached, 
by  way  of  showing  the  advantages  and  facilities  which  may  be  enjoyed  by 
the  inhabitants  living  in  the  vicinity  of  railroads." 

The  temptation  to  linger  over  these  literally  musty 
volumes — because  they  were  in  a  building  during  a  fire 
and  most  of  them  were  soaked  with  water — is  very  great. 
It  is  proposed  to  publish  in  succeeding  numbers  of  the 
Journal  a  sort  of  retrospect  of  these  early  volumes,  with 
copious  notes  and  such  extracts  therefrom  as  will  be  in- 
teresting at  the  present  day. 

The  Journal,  when  first  started,  and  for  some  years 
thereafter,  was  published  weekly.  Each  number  had  six- 
teen pages,  a  little  larger  than  those  of  the  present  publi- 
cation. During  its  first  two  years  it  has  a  fairly  prosper- 
ous appearance,  but  the  first  number  for  1834  contains 
the  announcement  that  the  Journal  has  not  paid  its 
expenses,  and  that  the  owner  was  obliged  to  advance  over 
a  thousand  dollars  to  meet  its  ordinary  expenses.  In  the 
first  number  of  1S35,  the  editor  says:  "We  hope  for  an 
increased  number  of  patrons  throaghout  the  country. 
The  latter  we  must  and  are  resolved  to  have." 

In  the  beginning  of   1837  Mr.  Minor  associated  with 

'  himself  Mr.  George  C.  Schaeffer.  In  August  the  publi- 
cation of  the  Journal  was  suspended,  and  the  September 
and  subsequent  numbers  for  that  year  did  not  appear  until 
1S38.  On  July  I  of  that  year  the  Mechanic's  Magazine 
was  "united"  with  the  Railroad  Journal,  and  the 
latter  was  changed  to  the  form  and  size  of  an  ordinary 
magazine,  with   the  title  of  the  American    Railroad 

I  Journal  and  Mechanics'  Magazine.  There  is  per- 
haps some  significance  in  the  fact  that  no  name  ap- 
pears as  editor  or  owner  of  the  publication  during  the 

,  years  1838  and  1839.  The  June  number  for  i839Contains 
the  announcement  that  Mr.  M INOR  had  disposed  of  his  in- 
terest in  the  Journal  to  Mr.  Egbert  Hedge.  He  was 
associated  with   Mr.  Schaeffer  until  the   beginning  of 

j  1842,  when  Mr.  Hedge's  name  disappears  from  the  title 
page,  that  of  Mr.  Schaeffer  remaining  as  editor.  In 
the  beginning  of  1843  Mr.  Minor's  name  again  appears 
on  the  title  page  with  that  of  Mr.  Schaeffer  as  one  of 
the  editors  and  proprietors.  In  July,  1844,  Mr.  Schaef- 
FER's  name  disappears  and  that  of  Mr.  Minor  alone  re- 
mains as  editor.  In  November  of  that  year  he  announced 
that  after  the  ist  of  January,  1845,  the  Journal  would  be 
issued  weekly  in  its  original  quarto  form  of  16  pages.  It 
was  also  said  in  this  announcement  that  when  the  Jour- 
nal was  originally  started  "the  details  of  construction 
occupied  the  prominent  place ;  whereas  now,  the  manage- 

j  ment  of  railways,  their  cost,  income  and  dividends,  will 
especially  receive  our  notice." 

In  Nov.,  1846,  a  notice  was  published  that  the  Journal 

!    would  thereafter  be  published  in  Philadelphia.     In  Jan- 

j  uary,  1849,  the  ofiice  of  publication  was  removed  back  to 
New  York,  and   Mr.  Minor  then  disposed  of  his  interest 
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in  it  to  Mr.  Henry  V.  Poor,  who  was  its  editor  until 
1862.  In  1849  the  name  of  John  H.  Schultz  &  Co.  ap- 
pears on  the  title  page  as  publisher,  and  later  as  proprie- 
tor. Mr.  Schultz  retained  an  interest  in  the  paper  until 
1882.  He  then  disposed  of  it,  and  a  company  was  organ- 
ized to  publish  the  paper,  with  Mr.  Geo.  F.  Swain  as 
President.  Since  then  it  has  passed  through  many  vicis- 
situdes and  has  been  conducted  by  a  number  of  different 
editors.  Its  present  owner  boughtiton  October  ist,  1886, 
and  with  this  number  it  has  been  consolidated  with  K(j« 
Nostrand's  Engineering  Maga^zine. 

The  latter  was  established  in  1869.  with  Mr.  H.  L. 
HoLLEY  as  editor.  He  conducted  it  for  one  year  only, 
and  it  was  then,  and  up  to  the  time  of  its  discontinuance, 
edited  by  Prof.  Geo.  W.  Plympton.  The  Maga- 
zine was  largely  made  up  from  selections  from  foreign 
and  other  engineering  literature,  but  many  original  arti- 
cles by  able  contributors  were  published  in  its  pages.  To 
some  extent  The  Railro.\d  and  Engineering  Jour- 
nal publication  will  be  like  the  Magazine,  but  it  is  in- 
tended, with  each  number,  to  increase  the  amount  of 
original  matter,  and  it  will  be  the  hope  and  the  aim  of  its 
editor  to  maintain  the  high  character  which  the  publisher 
and  the  editor  of  the  Magazine  established  during  the 
sixteen  years  that  it  was  conducted  by  them. 


NEW   PUBLICATIONS. 

"  Recent  Locomotives  " — Illustrations,  with  descriptions 
and  specifications  and  details  of  recent  American  and 
European  Locomotives,  reprinted  from  the  "  Railroad 
Gazette."  (Enlarged  edition.)  New  York  :  published 
by  the  Railroad  Gazette. 
The  above  title  indicates  the  character  of  this  book. 
It  consists  of  a  series  of  illustrations  and  descriptions  of 
locomotives  which  have  for  some  years  past  been  pub- 
lished in  the  Railroad  Gazette.  It  is  not  in  any  sense  a 
treatise,  and  yet  as  a  book  of  reference  it  will  be  found 
to  be  of  great  value.  From  the  way  in  which  it  was  cre- 
ated it  has  necessarily  a  fragmentary  character,  and  as  no 
systematic  arrangement  was  intended,  when  the  illustra- 
tions were  prepared  and  published  in  the  Railroad  Gazette, 
it  has  been  impossible  to  systematize  them  in  the  book, 
although  the  engravings  have  been  arranged  in  classes 
for  convenience  of  reference.  While  a  book  produced  as 
this  one  has  been  is  lacking  in  not  having  any  recognized 
system  of  construction,  it  has  another  advantage  of  not 
being  limited  by  the  ideas  of  its  author.  It  was  produced 
by  events,  that  is,  in  a  measure,  it  is  a  record — although 
not  a  very  complete  one — of  what  has  been  done  in  loco- 
motive engineering  during  the  past  ten  or  fifteen  years, 
and  for  that  reason  it  represents  not  the  ideas  of  one  per- 
son but  of  many. 

The  printing,  paper,  most  of  the  engraving,  and  the 
mechanical  work  generally,  is  very  good.  The  size  of  the 
book  is  II  X  16  in.,  and  contains  over  500  engravings,  with 
a  good  index.  The  present  edition  of  the  book  was  com- 
piled by  Mr.  D.  H.  Neale. 

"Locomotives  and  Locomotive  Uuilding"— .ff«>^ <i 
brief  sketch  of  the  growth  of  the  Railroad  System  and 
of  the  various  improvements  in  Locomotive  Building 
in  America,  together  with  a  history  of  the  origin  and 
growth  of  the  Rogers  Locomotive  and  Machine  Works 
of  Paterson,  N.  J.  New  York  :  Wm.  S.  Gottsberger, 
printer,  1886. 


This  title  is  explanatory  of  the  scope  of  this  volume, 
which  has  just  been  issued  by  The  Rogers  Locomotive 
and  Machine  Works.  As  this  book  was  prepared  by  Mr. 
M.  N.  Forney,  criticism  of  it  in  these  columns  would  hardly 
be  in  order.  The  following  preface  will  give  an  idea'of 
the  contents  and  aims  of  the  book  : 

"The  last  catalogue  of  the  Rogers  Locomotive;,and 
Machine  Works,  with  a  sketch  of  the  origin  and  growth 
or  that  establishment,  was  published  in  1876. 

•'Since  then  many  changes  have  been  made  in  the 
equipment  of  these  works,  and  in  the  character,  design 
and  dimensions  of  the  locomotives  turned  out.  To  de- 
scribe these  adequately,  it  was  necessary  to  rewrite  nearly 
the  whole  of  the  former  volume.  This  work  was  entrusted 
to  my  hands  by  the  officers  of  the  Rogers  Locomotive 
and  Machine  Works.  As  it  was  commenced  during  the 
fiftieth  year  that  the  establishment  had  been  engaged  in 
the  manufacture  of  locomotives,  it  seemed  a  suitable  time 
to  give  a  somewhat  full  account  of  the  origin  and  history 
of  the  works,  and  of  the  evolution  of  the  locomotives 
built  in  them  during  that  period.  Such  an  account  has 
been  carefully  prepared,  and  consists  very  largely  of  what 
may  be  called  a  mechanical  history  of  the  work  which 
has  been  done  ;  which,  it  is  thought,  will  be  interestmgto 
many  readers,  as  it  shows  the  successive  steps  which 
have  led  to  the  wonderful  development  of  the  locomotive 
in  this  country.  It  also  indicates  the  extent  to  which  the 
perfection  of  the  modern  American  type  of  locomotive  is 
due  to  the  ingenuity,  mechanical  skill,  and  sound  judg- 
ment of  the  founder  of  this  establishment — Mr.  Thomas 
Rogers,  and  to  his  successor,  Mr.  William  S.  Hudson.  Both 
of  them  have  left  a  record  of  their  genius  and  ability  in 
their  designs,  which  are  imitated  to-day,  and  which  prom- 
ise to  survive  until  locomotives  are  superseded. 

"Very  complete  data  concerning  the  dimensions  and 
performance  of  the  locomotives,  which  this  establishment 
is  now  prepared  to  furnish,  are  given  by  illustrations  and 
tables  in  the  latter  part  of  the  book,  and  as  there  is  still 
considerable  diflerence  of  opinion  and  practice  In  calcu- 
lating the  capacity  of  locomotives,  an  explanatory  chapter 
Is  given  showing  just  how  the  calculations  were  made." 
M.  N.  Forney. 
The  tirst  portion  of  the  historical  part  is  republished 
in  another  part  of  the  Journal,  and  the  remainder  will 
appear  In  future  numbers.  The  following  are  the  head- 
Int's  of  the  chapters.  The  author  claims  credit  for  the 
Index  only : 

"The  Origin  of  the  Rogers  Locomotive  and  Machine 
Works;"  "The  Early  History  of  Railroads  in  this 
Country;"  "The  Early  History  of  Locomotives  in  this 
Country;"  "History  of  Locomotive  Building  at  the 
Rogers  Locomotive  and  Machine  Works;"  "The  Or- 
ganic Development  of  the  Locomotive  :  The  Boiler  :  The 
Engines:  The  Running  Gear;"  "The  Rogers  Locomo- 
tive and  Machine  Works  in  1S86;  "  "A  Remarkable  Run 
of  426.6  Miles  by  Rogers_ Locomotives  on  the  New  York, 
West  Shore  &  Buffalo  Railway;"  "The  Tractive  Power 
of  Locomotives;  '  "Plates  and  Tables  of  Dimensions  and 
Capacity  of  Locomotives  of  4  ft.  Sij  in.  Gauge,  or  Wider ; " 
"  Plates  and  Tables  of  Dimensions  and  Capacity  of  Nar- 
row Gauge  Locomotives;"    "Index." 

"The  Life  of  Robert  Fulton,  and   a   History  of 
Steam  Navigation"— Z?y  Thomas  W.  Knox.    New 
York  and  London  :  G.  P.  Putnam's  Sons,  18S6. 
The  author  of  this  book  says  In  his  preface  that  he  pre- 
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pared  it  "  in  the  belief  that  a  history  of  steam  navigation, 
combined  with  a  biography  of  the  man  who  designed  and 
built  the  first  successful  steamboat,  would  be  of  general  in- 
terest. The  use  of  technical  terms,  wnenever  possible,  has 
been  avoided,  in  order  that  the  work  might  prove  accept- 
able to  youthful  or  non-scientific  readers,  as  well  as  to 
those  with  whom  steam  navigation  is  a  special  study." 

.\s  a  consequence,  the  book  has  more  of  a  popular  than 
a  technical  character,  and  is  very  interesting.  The  author 
has  apparently  investigated  very  carefully  the  sources  of 
his  information,  and  the  life  is  largely  based  on  original 
documents,  many  of  which  are  reprinted.  The  book 
contains  many  illustrations  of  Fulton's  and  other  early 
steamboats,  and  of  later  examples  of  boats  and  ships.  Of 
the  illustrations,  he  says  that,  "those  referring  especially 
to  Robert  Fulton  are  mainly  reproduced  from  Mr.  Rei- 
gart's  biography  ;  they  were  made  originally  from  draw- 
ings by  Fulton,  and  now  in  the  possession  of  his  descend- 
ants." To  any  one  who  has  had  experience  of  the  way 
in  which  drawings  degenerate,  the  author's  easy  reliance 
on  the  authenticity  of  those  given  by  another  writer  is 
not  very  assuringof  their  correctness.  It  of  coursetakes 
a  great  deal  of  time  to  investigate  and  test  the  accuracy 
of  material  of  this  kind,  but  a  biographer  should  be  will- 
ing t')do  this  if  he  undertakes  to  write  a  history  of  the 
life  and  work  of  a  man  as  distinguished  as  Fulton  was. 

The  history'  of  steam  navigation,  which  the  book  con- 
tains, while  it  is  interesting,  is  very  fragmentary  and 
superficial,  and  is  evidently  not  the  work  of  an  expert. 
The  material  is  such  as  might  easily  be  collected  by  a  not 
very  extended  course  of  reading,  and  although  it  is  put 
together  in  a  very  readable  form,  it  is  not  what  such  a 
history  ought  to  be.  Generally,  it  may  be  said  of  the  book 
that  it  is  good  popular  reading,  but  rather  indifferent 
history. 

Fulton  was  buried  in  Trinity  churchyard  in  New  York. 
The  author  calls  attention  to  the  fact  that  "the  grave  of 
the  builder  of  the  first  successful  passenger  steamboat, 
and  of  the  first  steam  ship  of  war  that  was  ever  launched, 
is  unmarked  by  a  monument,  or  even  by  a  stone  of  any 
kind  bearing  his  name."  Surely  this  neglect  ought  to 
receive  the  consideration  of  the  engineers  of  the  country. 

BOOKS  RECEIVED. 

"  A  Pr.\ctic.a.l  Treatise  on  the  Gases  met  with  in 
Coal  Mines"— Z?)- ///^  /a/f  J.  J.  Atkinson,  Govern- 
ment Inspector  of  Mines  for  the  County  of  Durham, 
England.     Van  Nostrand's  Science  Series. 

"The  Theory  and  Practice  of  Surveying  "—/?>'  J. 
P.   Johnson,  C.  E.     New  York :  John  Wiley  &  Sons. 


C.  Shaler  Smith. 

The  news  of  the  death  of  this  well-known  engineer  has 
been  received  as  the  Journal  is  going  to  press,  so  that 
there  is  time  for  only  a  brief  mention. 

Mr.  Smith  was  born  in  Marj-land,  and  selected. the  oc- 
cupation of  a  civil  engineer  when  his  education  was  com- 
pleted. He  was  for  some  time  associated  with  the 
Latrobes — father  and  son — in  Baltimore,  and  afterward 
became  the  engineer  of  the  bridge  over  the  Missouri 
River  at  St.  Charles,  and  assisted  Captain  Eads  on  the 
St.  Louis  bridge.  Recently  he  was  engaged  in  building 
the  bridge  over  the  St.  Lawrence,  near  Montreal.  His 
death  occurred  in  St.  Louis  on  December  19th. 


Leander  Garey. 

There  is  no  one  connected  with  the  department  of 
railroad  engineering,  with  which  Mr.  Garey  was  so  long 
identified,  whose  loss  would  cause  such  smcere  and 
general  sorrow,  as  did  the  announcement  of  his  death, 
which  occurred  at  his  home  in  Hartsdale,  Westchester 
County,  New  York,  on  November  24.  He  died  of 
typhoid  fever  which  probably  resulted  from  fatigue  and 
exposure  in  conducting  an  Agricultural  Fair,  which  was 
held  near  his  residence,  just  before  his  illness. 

Mr.  Garey  was  born  in  York  County,  Maine,  Aug.  27, 
1827,  and  he  was  therefore  in  his  sixtieth  year,  at  the  time 
of  his  death.  His  father  was  a  carpenter  and  joiner  by 
trade,  and  a  farmer  as  well;  part  of  his  time  being  occup- 
ied in  working  at  his  trade,  and  part  in  farming.  Whea 
Mr.  Garey  was  about  ten  years  old  his  father  bought  a 
farm  in  Dover,  Maine,  and  the  family  then  moved  to 
that  place.  That  part  of  Maine  was  then  a  comparatively 
new  country.  Only  ten  acres  of  the  hundred  which  com- 
prised the  farm  were  cleared.  While  Mr.  Garey  lived 
there  with  his  father,  he  learned  the  carpenter's  trade, 
and  assisted,  as  New  England  boys  generally  do,  in  all 
the  work  there  was  to  be  done.  He  and  his  brothers, 
went  to  the  district  school,  which  was  open  only  about 
four  months  in  the  year,  and  as  one  of  his  brothers 
expressed  it,  "we  picked  up  such  an  education  as  we 
could."  He  remained  with  his  father  until  he  was  nine- 
teen years  of  age  and  then  went  back  to  York  County, 
where  he  was  born,  and  lived  with  an  uncle  so  that  he 
could  have  the  advantages  of  the  schools  there  which 
were  better  than  those  in  Dover.  Afterward  he  re- 
turned to  his  home  and  finished  his  trade.  In  iSsohe 
took  a  voyage — after  the  manner  of  many  another 
adventurous  boy— and  finally  landed  at  New  Orleans, 
where  he  fell  ill  with  a  fever,  and  was  sent  to  a  hospital. 
Before  his  entire  recovery  he  eluded  the  doctors  and  left 
the  hospital  and  returned  north.  On  his  way  home,  and 
while  waiting  in  the  New  Haven  Depot,  he  accidentally 
overheard  Mr.  French,  of  Seymour,  Conn.,  say  that  he 
needed  car-builders  in  his  shop  in  that  place.  Mr.  Garey 
volunteered  his  services,  which  were  accepted,  and, 
although  still  too  weak  to  work,  when  he  arrived  in 
Seymour,  after  recruiting  his  strength,  he  commenced  work 
for  Mr.  French.  The  accidental  circumstances  in  the  New 
Haven  Depot,  shaped  his  whole  subsequent  career.  He 
worked  in  Seymour  for  two  or  three  years  and  then 
entered  the  service  of  the  Naugatuck  Railroad,  in 
Bridgeport,  Conn.  While  in  Seymour  he  met  Miss 
Hawkins,  who  became  his  wife  in  1852.  He  continued  in 
the  service  of  the  railroad  in  Bridgeport  until  1855,  when 
he  was  appointed  Master  Car  Builder  of  the  New  York 
&  Harlem  Railroad,  at  a  salary  of  S600  per  year.  The 
shops  were  then  in  New  York  City,  where  the  Grand 
Central  Depot  now  stands.  Later  the  shops  at  Morrisania, 
which  were  burned  a  year  or  two  ago  were  built,  and  he 
had  charge  of  them  until  1873.  when  he  was  appointed 
Superintendent  of  the  Car  Department  of  the  New  York 
Central  &  Hudson  River  Railroad.  The  following  letter 
will  indicate  better  than  anything  else  can  the  opinion 
which  the  late  Wm.  H.  Vanderbilt  held  of  Mr.  Garey "s 
character  and  ability. 

"The  New  York  Central  &  Hudson  River  RaiIro.id  Co.. 

Office  of  the  President,  Grand  Central  Depot, 
New  York,  Oct.  20,  1873. 
"Mr.  Leander  Garey: 
"Dear  Sir  :— You  are  appointed  Superintendent  of  the  Car  Shops  of 
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the  New  York  C'eniral  \  Hudson  River  Railroad  Co.  and  its  divisions,  tlic 
appointment  to  take  effect  from  this  date. 

"It  is  not  necessary  that  I  should  express  to  you  in  detail,  in  this  com- 
munication, the  duties  devolving  upon  you  by  this  appointment ;  it  is 
sufficient  for  the  purpose,  that  I  state  that  my  contidence  in  your 
ability,  integrity  and  efficiency,  has  induced  me  to  place  in  your  charge 
the  general  supervision,  control  and  direction  of  all  new  construction, 
general  repairs  and  expenses,  including  the  estimates  and  requisitions  for 
purchase  of  all  materials  relating  to  construction  and  repairs,  at  the  car 
shops  of  this  company. 

"Your  designation  to  this  position,  is  a  step  long  contemplated  towards 
the  organization  of  the  car  shops  into  a  department,  with  one  person  at  the 
head  of  it,  having  general  powers,  and  from  whose  experience  and  intelli- 
gence I  can  hope  to  receive  all  needed  information  for  my  consideration 

"The  immediate  result  of  your  :{ppointment,  it  is  expected  will  be  the 
introduction  of  order  and  economy  in  the  shops,  and  the  institution  of  a 
sy  irect  reference  to  you  for  authority  for  any  and  every  expense 


1'  "f  trial  and  trust,  requiring  experience,  fidelity, 
iM  insure  success.  In  the  discharge  of  its  duties 
[n>-  official  and  personal  encouragement.  Your  re- 
f  other  departments  will  be  advisory,  and  it  will  be 
•  it  will  be  your  pleasure,  to  co-operate  with  them  as 
ts  of  the  company. 


i  promoting  t: 
r  truly  yours, 
"W.  H.  Van 


c-Preside 


His  relations  with  Mr.  Wm.  H.  Vanderbilt,  and  his 
father  before  him,  were  of  the  most  confidential  and 
friendly  character,  and  there  can  be  little  doubt  that  they 
were  both  very  much  influenced  by  Mr.  Garey's  advice 
and  opinions  in  those  matters  which  he  understood  best. 
He  occupied  the  position  on  the  New  York  Central  road 
until  January  1st,  1885,  when  he  resigned,  and  soon  after 
he  took  a  pleasure  journey  to  California,  which  seemed, 
on  his  return,  to  have  rejuvenated  him,  and  to  have  given 
him  a  fresh  lease  of  life. 

His  illness  was  without  premonitions,  and  from  the 
beginning  the  fatal  disease  assumed  a  very  maligant  type. 

Mr.  Garey  was,  however,  more  widely  known  through 
his  connection  with  the  Master  Car  Builders'  Association, 
of  which  he  was  one  of  the  organizers,  and  in  its  work 
and  meetings  he  took  an  active  part.  In  1870  he  was 
elected  Secretary,  and  in  1874  he  was  made  President,  and 
was  re-elected  to  that  office  for  ten  consecutive  years. 
The  writer  of  this  account  of  his  life,  has  had  exceptional 
opportunities  of  knowing  the  deep  interest,  the  zeal  and 
the  great  amount  of  work  which  he  devoted  to  the 
interests  of  that  Association,  and  he  can  say,  that  to  Mr. 
Garey,  more  than  to  any  other  person,  the  success  of  that 
Association  is  due.  In  its  critical  periods,  he  was  ready 
with  his  advice  and  tact,  to  steer  it  clear  of  the  rocks  in 
its  way.  He  was  always  on  the  side  of  progress,  and 
hardly  a  step  in  advance  was  taken  in  which  he  was  not 
a  leader.  In  1S72  a  resolution  was  adopted,  "that  a 
committee  be  appointed  with  power  to  publish  an  illus- 
trated book,  defining  the  proper  terms  or  names  of  each 
and  every  part  used  in  the  construction  of  r^iilway  cars 
and  a  description  of  the  use  of  the  same."  Mr.  Garey 
was  one  of  the  Committae,  but  probably  neither  he  nor 
any  other  member  of  it  realized  the  work  which  they  had 
undertaken.  The  Committee  at  first  consisted  of  ten 
members,  who  held  several  meetings.  The  meetings  were 
very  amusing,  as  agreement  among  the  members  was  impos- 
sible, and  it  soon  became  obvious  that  a  committee  of  ten 
was  too  unwieldy  to  construct  a  dictionary.  The  Committee 
was  finally  reduced  to  three,  of  which  Mr.  Garey  and  the 
writer  were  members.  The  work  to  be  done  was  rather 
remarkable.  The  art  of  car  building  had  grown  and  been 
difleicntiated— as  Herbert  Spencer  would  say— more 
rapidly  than  the  language  relating  to  it.    The  need  of  the 


car-buililcrs,  which  k-il  10  ihc  appoinlmenl  of  ihi" 
committee,  was.  that  there  were  no  common  names  for 
the  different  parts  of  cars,  so  that  if  a  car-builder  in 
Chicago  wanted  to  order  castings  from  another  in  Boston, 
it  was  not  at  all  certain  that  the  Boston  man  would 
know  what  his  Chicago  friend  meant  by  his  terms.  In 
other  words,  there  were  no  common  words  to  designate 
the  diflierent  parts  of  cars,  and  in  some  instances,  a  term 
was  applied  to  one  thing  in  one  place,  and  to  quite  a 
different  one  in  another.  The  task  of  the  committee 
was  to  establish,  and  often  create,  terms  to  designate  all 
the  parts  of  cars.  This,  as  has  already  been  stated, 
was  a  task  very  much  greater  than  any  of  the  Com- 
mittee ever  imagined  when  they  were  appointed.  Mr. 
Garey  took  up  the  work  with  enthusiasm.  The  plan 
which  was  finally  adopted  after  a  good  many  ineffectual 
eflorts  were  made,  was  to  assign  the  work  to  be  done 
to  one  person,  the  other  two  members  acting  as 
advisers.  No  record  was  kept  of  the  meetings,  but 
probably  as  many  as  fifty  were  held  before  the  book  was 
completed.  These  meetings  were  generally  of  several 
hours'  duration,  and  Mr.  Garey  was  seldom  absent  from 
any  of  them,  and  he  always  took  a  deep  interest  in 
what  was  done.  Whatever  value  the  Car  Builders' 
Dictionary  may  have,  is  largely  due  to  the  knowledge 
and  assistance  which  he  contributed  to  the  work,  and 
to  his  indefatigable  efforts  in  completing  it. 

He  has  left  a  wife,  three  daughters  and  one  son,  who, 
with  his  many  friends,  will  mourn  his  death.  He  was 
always  honored  by  the  affection  and  esteem  of  his  em- 
ployes. By  all  of  them,  by  the  members  of  the  .Associa- 
tion of  which  he  was  President,  and  all  who  were  ever 
brought  into  near  relations  with  him,  his  death  has  been 
the  cause  of  profound  sorrow. 


Wi 


Woodcock. 


It  is  a  singular  coincidence  that  the  notice  of  the  death 
of  Mr.  Garey,  who,  for  so  many  years,  was  the  President 
of  the  Master  Car  Builders'  Association,  and  that  of  Wil- 
liam Woodcock,  the  President  of  the  Master  Mechanics' 
Association,  should  appear  simultaneously  in  so  many 
papers.  William  Woodcock  died  at  his  home  in  Eliza- 
beth, N.  . I.,  at  noon  on  Nov.  27.  He  had  been  ill  about 
three  weeks. 

He  was  a  native  of  England,  and  came  to  this  country 
when  a  child.  He  learned  the  machinists'  trade  in  a  rail- 
road shop  at  Parksburg,  Chester  County,  Pa.,  and  soon 
after  became  foreman  of  a  shop  in  Harrisburgh.  After- 
wards he  was  made  foreman  of  the  repair  shops  of  the 
Delaware,  Lackawanna  &  Western  Railroad  in  Scranton. 
From  there  he  went  to  Philadelphia,  as  Superintendent  of 
the  Philadelphia  &  Reading  Railroad  shops,  at  Ninth  and 
Green  streets.  In  1870  he  was  offered  the  position  of  Mas- 
ter Mechanic  of  the  Central  Railroad  of  New  Jersey,  which 
position  he  held  under  Mr.  Peeples,  who  was  Superin- 
tendent of  Machinery.  On  the  resignation  of  the  latter 
gentleman  his  duties  were  delegated  to  Mr.  Woodcock, 
and  he  occupied  this  position  until  his  death.  He  had 
charge  of  the  machinery  of  the  Central  Railroad  of  New 
Jersey,  the  Long  Branch  and  New  Jersey  Southern 
Branches. 

Mr.  Woodcock  was  one  of  the  class  of  tnechanics,  which 
is  so  large  in  this  country,  who  have  come  up  from  the 
ranks  and  been  promoted  to  more  responsible  positions. 
He  took  a  very  great  interest  in  everything  relating  to  his 
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occupation,  and  especially  in  the  alTairs  of  the  as.so<ia- 
tion  of  which  he  was  President.  .Although  not  a  highly 
educated  man  he  was  a  diligent  student  of  all  that  related 
to  his  calling,  and  took  a  keen  interest  in  all  improve- 
ments in  the  macliinery  of  railroads.  He  was  chosen 
Second  Vice-President  of  the  Master  Mechanics'  Associa- 
tion in  1884.  First  Vice-President  in  18S5,  and  last  June 
was  elected  President.  In  one  of  the  local  papers  of 
Elizabeth  it  was  said    that: 

"  Mr.  Woodcock  was  a  man  of  quiet,  unassuming  man- 
ners, and  yet  public  spirited,  taking  an  active  interest  in 
the  welfare  of  the  city.  He  was  a  man  of  great  benevo- 
lence, doing  much  for  charity  that  escaped  publicity,  and 
was  never  heard  of  except  through  the  beneficiaries.  He 
was  also  connected  with  benevolent  institutions.  He  was 
one  of  the  Board  of  Directors  of  the  Elizabeth  General 
Hospital  and  Dispensary ;  and  a  Trustee  of  Evergreen 
Cemetery. 

"  In  politics  he  was  a  Democrat, and  as  the  candidate  of 
that  party  was  elected  a  member  of  the  Board  of  Educa- 
tion from  the  First  ward,  when  that  ward  had  a  pro- 
nounced Republican  majority.  Mr.  Woodcock  served 
well  his  constituency,  and  brought  an  experience  in  edu- 
cational and  mechanical  affairs  into  the  management  of 
the  schools  that  will  be  of  a  permanent  benefit.  He  was, 
at  the  time  of  his  death,  and  had  been  for  several  years, 
a  member  of  the  Board  of  Health,  where,  too.  his  mechani- 
cal skill  was  of  great  practical  use  in  matters  of  this  de- 
partment. 

"  Mr.  Woodcock  was  an  active  church  worker,  and  in 
none  of  his  public  relations  will  his  loss  be  more  severely 
felt  than  in  the  Marshall  street  Presbyterian  Church,  of 
which  he  was  one  of  the  elders. 

"  He  was  a  member  of  the  Knights  Templar  Command- 
ery  in  Lancaster.  Pa. 

"  Mr.  Woodcock  leaves  no  immediate  family.  His  wife 
died  a  few  years  ago.  A  sister  and  brother  survive  him. 
His  death  falls  with  much  severity  upon  a  niece,  who  had 
a  home  at  Mr.  Woodcock's  since  a  child,  and  was  as  a 
daughter  to  him. 

•'  The  railroad  company  recognize  the  loss  of  a  valua- 
ble and  faithful  employe,  whose  place  cannot  be  easily 
filled.  The  hundreds  of  men  who  for  years  have  been 
under  his  direction  will  regard  his  death  with  feelings  of 
great  sorrow.  He  was  a  kind  and  helpful  master,  and 
esteemed  by  all  who  had  dealings  with  him.  Mr.  Wood- 
cock was  52  years  of  age." 

Walton   W.    Evans. 

The  death  of  this  distinguished  engineer  occurred  in 
his  seventieth  year,  in  New  York,  on  Nov.  28th.  The  fol- 
lowing account  of  his  life  is  from  the  New  York  Herald  : 

"At  the  time  of  his  death  Mr.  Evans  was,  with  a  single 
exception,  the  oldt  '  living  graduate  of  the  celebrated 
Polytechnic  Institute  at  Troy,  in  this  State.  One  of  his 
first  connections  with  that  series  of  railroad  works  of  mag- 
nitude which  have  made  his  name  famous,  not  only  on  the 
American  continent,  but  in  Australia  and  New  Zealand, 
was  his  association  with  the  engineers  who  built  the  Har- 
lem Railroad, 

"  He  continued  in  the  practical  exercise  of  his  profession 
for  several  years  in  different  sections  of  the  country  wher- 
ever engineering  skill  was  required  to  push  the  lines  of 
communication  from  city  to  city  and  State  to  State,  in  de- 
fiance of  every  obstacle  in  the  way.     He  was  then  invited 


by  the  Chilean  govcriinu-nl  10  visit  that  country,  where 
he  at  once  commenced  building  railroads,  being,  soon 
after  his  arrival  there,  appointed  Chief  Engineer  under  the 
Republic.  In  this  capacity  he  built  nearly  all  the  import- 
ant radroads  which^raverse  that  country.  He  visited 
several  of  the  other  south  American  republics,  projecting 
and  building  railroads,  and  adding  to  the  prosperity  of 
the  government  and  the  lia|)pincss  of  the  people  by  his 
works. 

"Besides  his  railway  enterprises,  one  of  which  was  the 
building  of  the  first  steam  railroad  south  of  the  Equator 
— an  enterprise  of  which  he  was  especially  proud — Mr. 
Evans  designed  and  superintended  the  erection  of  many 
of  the  public  edifices  and  private  mansions  which  adorn 
the  capitals  ot  the  South  American  republics.  Central 
America  and  Mexico  are  also  indebted  to  the  deceased 
engineer  for  the  blessings  of  that  higher  civilization  which 
follows  on  the  opening  of  railways  through  rich  and  fertile 
countries  previously  undeveloped. 

"  He  also  devoted  his  time  to  the  consideration  of  canal 
construction,  and  has  written  a  series  of  articlesion  inter- 
ocean  canal  communication  which  have  attracted  great 
attention  on  this  continent  and  in  Europe.  He  was  an 
indefatigable  student,  never  wearying  in  the  study  of  the 
problems  which  presented  themselves  in  the  carrying  out 
of  novel  and  previously  untried  enterprises,  and  elucida- 
ting, with  the  accuracy  of  the  draftsman  and  the  clearness 
of  an  apt  writer,  the  difficulties  presented  and  overcome 
in  his  experiments.  Many  of  his  writings  in  this  direction 
are  valuable  additions  to  the  engineer's  library. 

"  Mr.  Evans  was  a  member  of  the  Institution  of  Civil 
Engineers,  the  American  Society  of  Civil  Engineers,  and 
of  the  Council  of  the  American  Geographical  Society. 
He  has  also  filled  many  positions  of  trust  and  responsibil- 
ity on  special  occasions  in  connection  with  his  profession, 
bringing  his  close  study  and  critical  test  of  every  new  in- 
vention and  design  into  practical  operation.  Whenever 
in  the  employment  of  foreign  governments  or  corpora- 
tions, he  contended  for  and  always  secured  the  intro- 
duction of  American  mechanical  products  in  the  pros- 
ecution of  his  undertaking.  His  loss  will  be  deeply  felt 
by  his  professional  brethren,  not  only  in  his  own  country, 
but  in  those  lands  where,  through  his  works  or  writings, 
his  name  is  known. 

"  Mr.  Evans  was  the  grandson,  on  the  maternal  side,  of 
General  Anthony  White  of  revolutionary  fame,  and  was  a 
member  of  the  Society  of  the  Cincinnati." 

Mr.  Evans  was  an  enthusiastic  advocate  of  American 
ideas  and  methods  in  engineering  matters,  and  to  him  the 
introduction  and  use  of  American  rolling-stock  and  ma- 
chinery in  South  America,  Australia  and  other  foreign 
countries  was  largely  due.  He  was  one  of  the  few  engi- 
neers who  discovered  the  fallacies  of  the  narrow  gauge  il- 
lusions, which,  about  fifteen  years  ago,  were  disseminated 
in  this  and  other  countries.  He  was  a  frequent  writer  on 
engineering  subjects,  and  when  he  did  write,  it  was  always 
to  express  some  very  pronounced  and  decided  \iews  on 
the  subjects  he  discussed. 

He  was  appointed  the  agent  of  a  number  of  South 
American  and  other  foreign  enterprises,  in  this  city,  some 
years  ago.  He  was  entrusted  with  the  responsibility  of 
purchasing  the  rolling-stock  and  supplies,  engaging  the 
engineering  staff  and  transacting  the  business  generally 
of  these  enterprises — all  of  which  was  left  largely  to  his 
discretion.  Owing  to  the  infirmity  of  defective  hearing, 
he    went  little  into  society,  and  his  diversion  consisted 
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largely  in  the  study  of  engineering  matters,  for  the  dis- 
cussion of  which  he  was  always  ready,  and  which  he 
would  take  up  with  all  the  enthusiasm  of  youth. 

His  death  has  removed  one  of  the  type  of  engineers- - 
who  are  now  disappearing  so  rapidly — who  were  trained 
during  the  period  of  the  growth,  or  rather  the  creation  of 
engineering  in  this  country.  Besides  the  knowledge  and 
ability  as  engineers  which  distinguished  these  men,  many 
of  them  have  been  noted  for  their  kindly  human  sympa- 
thy, benevolence  and  magnanimity,  which  are  sadly  missed 
as  they  one  by  one  pass  away. 


Martin  Coryell. 

Our  personal  record  this  month  mentions  the  deaths 
of  an  unusual  number  of  prominent  engineers.  One  of 
the  latest  on  the  list  is  Mr.  Martin  Coryell,  the  well-known 
mining  engineer,  who  died  at  his  home  in  Lambertville, 
N.  J.,  Nov.  29th,  aged  71  years.  He  was  born  in  New 
Hope,  Pa.,  in  1815,  and  received  his  education  in  the 
schools  of  that  place  and  in  the  academy  at  Lambertville, 
then  a  school  of  some  local  reputation.  Mr.  Coryell  early 
began  his  training  as  an  engineer,  and  continued  work  in 
that  profession  until  his  death,  with  the  exception  of  two 
short  intervals  in  his  youth,  one  when  he  read  law  for  a 
short  time  in  Philadelphia,  in  the  office  of  Mr.  Benjamin 
H.  Brewster  (afterward  Attorney  General  of  the  United 
States),  and  one  when,  after  a  severe  illness,  he  worked  at 
the  carpenter's  bench  to  restore  his  health.  His  first 
work  as  assistant  engineer  was  on  the  Delaware  Division 
Canal  in  Pennsylvania,  and  he  subsequently  served  on  the 
Delaware  &  Raritan  Canal  in  New  Jersey.  Here  he  was 
associated  with  the  late  Ashbel  Welch,  who  was,  years 
afterward,  his  friend  and  neighbor;  and  he  subsequently 
assisted  Mr.  Welch  in  the  location  and  construction  of  the 
Belvidere  Delaware  Railroad.  This  was  his  last  railroad 
work,  for  he  then  turned  his  attention  to  mining  engi- 
neering. He  was  one  of  the  pioneers  in  mining  in  the 
Lake  Superior  copper  region,  and,  on  his  return  from  the 
West,  was  connected  with  the  development  of  the  Hazle- 
ton  anthracite  field,  and  of  the  other  coal  fields  opened 
by  the  buildmg  of  the  Lehigh  Valley  Railroad.  In  1862, 
his  coal  mining  work  led  him  to  settle  at  Wilkesbarre, 
Pa.,  which  was  his  home  for  several  years.  In  1864,  he 
was  appointed  manager  of  the  Warrior  Run  Coal  Co.,  and 
directed  the  operations  of  that  company  for  several  years. 
About  1875,  he  left  Wilkesbarre  and  settled  in  Lambert- 
ville, N.  J.,  his  time  being  fully  occupied  by  his  coal  inter- 
ests and  an  extensive  practice  as  consulting  engineer,  his 
advice  being  sought  as  that  of  a  leading  expert  in  his  pro- 
fession. 

Mr.  Coryell  was  one  of  the  founders  of  the  American 
Institute  of  Mining  Engineers,  and  was  always  an  active 
member,  taking  part  in  the  meetings  and  contributing 
valuable  papers  to  the  proceedings.  His  death  is  regretted 
by  a  wide  circle  of  friends. 


Submarine  Warfare. 

(From  the  London  Times.) 

The  question  of  submarine  warfare  would  appear  to  be 
advanced  an  important  stage  by  a  new  submarine  torpedo 
boat,  which  was  tried  on  Saturday,  November  27th,  in  the 
West  India  Docks.  The  great  problem  for  solution  in  this 
class  of  boat  is  a  simple  and  ready  means  of  effecting  sub- 
mersion quickly,  and  of  again  rising  to  the  surface  as 


frequently  as  may  be  desired.     Many  attempts  have  been 
made  to  compass  this  object  by  means  of  screws,  inclined 

,  planes,  water  compartments  alternately  filled  and  emptied, 
and  other  contrivances.  The  present  invention,  however, 
involves  none  of  these  principles.  The  principle  upon 
which  the  immersion  and  emersion  of  the  new  boat  de- 
pends is  simply  that  of  displacement.  While  lying  on  the 
surface,  the  boat  has  a  given  amount  of  displacement. 
To  effect  immersion,  this  displacement  is  reduced,  and 
when  it  is  desired  to  raise  her  to  the  surface  again  the 
displacement  is  increased.  A  fair  analogy  is  that  of  a 
telescope  dropped  into  the  water  when  extended  for  use, 
in  which  condition  it  will  float  for  a  given  time.  If 
cropped  into  the  water  closed  up  it  will  straightway  sink 
to  the  bottom.  The  idea  of  utilizing  this  principle  origin- 
ated with  Mr.  Andrew  Campbell,  and  was  worked  out  in 
practice  by  him  in  conjunction  with  Mr.  Edward  Woles- 
ley  and  Mr.  C.  E.  Lyon,  and  the  vessel  in  which  the  joint 
ideas  of  these  gentlemen  have  been  embodied  has  been 
built  by  Messrs.  Fletcher,  Son  &  Fearnall,  of  Limehouse. 
This  boat  is  cigar-shaped,  and  pointed  at  both  ends,  being 
60  feet  long  and,  8  feet  in  diameter  amidships,  exclusive 
of  a  slightly  raised  central  deck.  Her  displacement, 
when  fully  immersed,  is  about  50  tons.  She  is  built  of 
^-inch  Siemens-Martin  steel,  and  is  driven  by  twin 
screws,  the  motive-power  being  electricity,  which  is  sup- 
plied from  a  storage  battery  to  motors  of  45-horse  power. 
Electricity  also  supplies  light,  when  submerged,  by  means 
of  glow  lamps.  Air  under  pressure  is  stored  on  board, 
and  there  is  accommodation  for  a  three  days'  supply  ; 
the  electric  batteries  also  have  a  similar  storage  capacity. 
The  electrical  machinery  has  been  designed  by  Mr.  Gray- 
don  Poore,  and  supplied  by  Messrs.  Lewis  Olrick  &  Co. 

When  lying  on  the  surface  of  the  water,  a  depth  of  only 
about  ten  inches  of  the  central  upper  portion  of  the  boat 
is  visible  above  water-line,  and  this  is  surmounted  by  a 
steel  conning  tower  about  12  inches  high  and  15  inches 
diameter,  and  pierced  with  four  sight  holes.  Entrance 
and  exit  are  obtained  by  means  of  a  manhole  on  the  deck 
which  is  secured  with  a  watertight  joint,  and  there  is 
room  for  six  persons  in  the  central  portion  of  the  boat. 
Displacement  is  increased  or  re:luced  by  means  of  cylin- 
drical chambers,  which  are  projected  or  withdrawn  tele- 

,  scopically  from  the  sides  of  the  vessel,  and  by  this  simple 
means  she  can  be  made  to  rise  or  fall  in  the  water,  slowly 

:  or  quickly,  at  the  will  of  those  in  command.  This  was 
amply  demonstrated  on  Saturday,  when  Lord  Charles 
Beresford,  with  others,  went  down  in  her.  Lord  Charles 
expressing  himself  very  strongly  as  to  the  value  of  this 
new  vertical  manoeuvring  power.  The  boat  was  many 
times  submerged  to  the  bottom  of  the  dock,  about  17 
feet,  and  brought  to  the  surface  again  on  a  perfectly  even 
keel.  She  was  also  propelled  a  short  distance,  connection 
being  made  with  the  batteries  by  hand,  but  as  the  motors 
were  not  coupled  up  with  the  current  nothing  further  was 

i  attempted.  The  area  for  a  run,  moreover,  was  too  cir- 
cumscribed, there  being  a  number  of  vessels  lying  in  the 
docks,  which  would  have  impeded  progress.  The  main 
application  of  the  system  would  appear  to  lie  in  the  direc- 
tion of  submarine  warfare,  although  it  is  not  intended 
that  it  shall  subserve  this  purpose  exclusively,  as  the  in- 
ventors have  designed  arrangements  for  applying  it  to  all 
classes  of  submarine  operations  in  lieu  of  the  diving  bell. 
It  is  also  to  be  observed  that,  although  only  applied  to  a 
60  feet  boat,  this  size  in  no  way  indicates  a  limitation  of 
the   principle,  which  can  be  applied  to  any  sized  vessel. 
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QontribuMons. 

NATURAL   GAS. 
A   MONOGRAPH. 


Natural  gas,  or  Rock  gas,  as  it  it  often  called,  is  a  fluid 
of  vapor  of  about  one-half  the  specific  gravity  of  atmos- 
pheric air,  varying,  according  to  the  place  of  its  origin, 
from  .45  to  .55,  and  of  course,  according  to  its  compo- 
sition, which  is  found  to  differ  considerably  in  adjacent 
wells,  and  even  at  difTerent  times  in  the  same  well.  There 
have  been  many  determinations  of  the  composition  of 
Pittsburgh  Natural  gas,  the  average  of  which,  adopted 
by  Mr.  S.  A.  Ford,  the  chemist  of  the  Edgar  Thompson 
Steel  Works,  is  as  follows  : 

Carbonic  acid 6  percent. 

Carbonic  o.xide 6  " 

Oxygen 8  ** 

Olefiant  gas i .  " 

Ethylic  hydride 5. 

Marsh  gas 67. 

Hydrogen 12.  " 

Nitrogen 3.  " 


The  Findlay,  Ohio,  gas,  as  determined  by  Prof.  C.  C. 
Howard,  yields : 

Marsh  gas 92.61  percent. 

Olefiant  gas 30       " 

Hydrogen 2.18       " 

Nitrogen 3-6i        " 

Oxygen 34        " 

Carbonic  acid 50        " 

Carb^ic  oxide 26        '* 

Sulphuretted  hydrogen 20        " 


The  heat  units  in  100  litres  of  Pittsburgh  gas  are  calcu- 
lated at  789,694;  in  Findlay  gas  at  878,082  ;  and  (for  the 
sake  of  comparison)  in  the  same  quantity  of  Siemen's  pro- 
ducer gas  at  113.000;  these  results  being  the  average  of 
several  determinations.  Experiments  under  various  boil- 
ers have  shown  1,000  feet  of  gas  to  be  equal  in  heating 
power  to  from  80  to  133  pounds  of  coal.  The  committee 
of  engineers  of  the  Society  of  Western  Pennsylvania,  ap- 
pointed to  investigate  the  question,  concluded  that  one 
pound  of  coal  was  equal  in  value  to  seven  and  a  half  feet 
of  average  Natural  gas.  It  explodes  violently  when  mixed 
with  from  nine  to  fourteen  parts  of  air.  The  flame  tem- 
perature of  Natural  gas,  when  burned  with  pure  oxygen, 
is  estimated  by  Mr.  F.  W.  Taylor  at  7,100  degrees  C,  and 
of  the  Siemen's  producer  gas  at  2,850  degrees  centigrade  ; 
when  burned  with  just  enough  air  to  insure  perfect  com- 
bination, the  temperatures  are  estimated  at  2,333  degrees 
C.  for  Natural  gas,  and  1,700  degrees  C.  for  Siemen's. 

The  Natural  gas  has  generally  but  little  odor ;  yet  is 
often  found  strongly  scented  with  the  fumes  of  petroleum 
or  of  sulphuretted  hydrogen.  The  absence  of  odor  has 
usually  been  considered  a  defect,  as  lessening  the  chances 
of  discovering  leaks  from  the  pipes  in  which  it  is  carried  ; 
but  the  sense  of  suffocation  produced  by  inhaling  air 
which  has  been  charged  with  only  a  very  small  portion  of 
the  gas,  would  seem  to  be  a  warning  of  its  presence  quite 
as  palpable  as  its  odor.  The  gas  is  described  as  colorless, 
yet  it  may  be  seen  to  have  a  pale  blue  tint  when  blown 
into  the  air  from  a  well  under  high  pressure,  quite  like 
the  column  of  high-pressure  dry  steam  from  a  boiler. 
This  color  may  be  due  to  the  presence  of  minute  quanti- 


ties of  waiir,  or  of  oil,  in  suspension;  for,  as  discharged 
from  the  wells,  there  is  always  some  moisture  and  some 
oil,  which  may  be  separated  from  the  gas  by  discharging 
it  into  a  tank  on  its  way  to  the  conducting  mains,  the  pre- 
cipitated water  and  od  being  drawn  off  at  proper  inter- 
vals. 

The  theories  of  the  origin  of  gas  are  several ;  and  it  is 
not  worth  while  to  discuss  them  here  at  much  length,  be- 
cause none  of   them   accounts  for  all   the  facts;  and,  at 
present,   the  theories   have   not   much  practical  bearing. 
The  probabilities  are  that  petroleum  and  gas  are  derived 
from  the  same  sources  ;  they  are   always   found  in  con- 
junction.    They  appear  to  have  been  produced  from  or- 
ganic matter,  to  have  escaped  from  the  region  in  which 
I    they  were  produced,  and  to  have  been  entrapped  in  cer- 
I    tain  open  or  porous  rocks,  where  they  have  remained  im- 
1    prisoned  until  discovered  by  the  drill,  or  by  their  issuing 
1    through  crevices  in  the  rocks,  leading  to  the  surface. 

It  is  probable  that  gas  may  be  found  in  any  of  the  strata 
which  have  been  deposited  since  the  Archaean  rocks.  In 
Northwestern  Ohio  the  gas  is  found  in  the  Trenton  lime- 
stone, which  is  in  the  second  series  of  strata  above  the 
Archaean  rocks;  and  more  or  less  gas  has  been  found  in 
each  of  the  subsequent  strata  up  to  the  coal  measures; 
indeed,  it  exists  even  in  the  glacial  drift. 

Starting  at  the  oil  region  in  Upper  Canada,  passing 
through  Black  Rock  to  the  southwest  corner  of  Pennsyl- 
vania, the  sedimentary  rocks  dip  gently  and  somewhat 
uniformly  to  the  southwest,  the  lower  rocks  outcropping 
at  the  northeastern  end  of  the  section,  while  the  full  series, 
extending  to  the  upper  barren  coal  measures,  are  found  at 
the  sonthwestern  end.  It  is  remarkable  that  upon  this 
line,  the  oil  or  gas,  in  profitable  quantity,  is  found  only  in 
those  strata  of  sandstone  which  happen  to  be  at  a  depth 
of  from  500  to  2,000  feet  below  the  surface ;  and  that 
deeper  drilling  in  any  place  along  this  line  has  not  suc- 
ceeded in  finding  a  stratum  which  was,  at  that  place,  pro- 
ductive of  either  oil  or  gas  in  valuable  quantity,  although 
yielding  both  in  abundance  at  some  other  locality,  where 
it  is  nearer  the  surface. 

In  Canada,  the  oil  is  found  in  the  Carboniferous  lime- 
stone. As  we  go  southwestward,  the  Bradford  sand,  the 
,  next  group  above,  is  the  productive  stratum  ;  still  further 
south,  the  Warren  oil  group,  which  lies  above  the  Brad- 
ford ;^further  southward,  and  above  the  Warren,  the 
(  Venango  group  of  sands,  and  still  further  to  the  south- 
west, the  Conglomerate  measures  yield  the  gas  and  oil.  In 
Northeastern  Ohio,  in  the  vicinity  of  Mecca,  the  oil  is 
found  at  small  depths,  less  than  one  hundred  feet,  in  the 
Berea  grit,  immediately  under  the  bowlder  clay;  but  its 
gas,  and  almost  all  the  volatile  products  usually  contained 
in  the  petroleum,  have  been  evaporated  ;  in  consequence 
of  which  the  oil  attains  the  gravity  of  from  26  to  28  de- 
grees "  B,"  which  made  it -the  valuable  lubricating  sub- 
stance for  which  there  was  a  wide  demand,  so  long  as  its 
production  continued.  The  gas  and  oil  in  Northwestern 
Ohio,  found  in  the  Trenton,  lie  about  1,100  feet  below 
the  surface. 

The  reservoirs  of  gas  and  of  oil  seem  to  vary  in  dimen- 
sions from  the  smallest  pocket  up  to  thirty  or  forty  square 
j  miles  in  extent,  and  one  hundred  feet  or  more  in  thick- 
i  ness.  It  is  important  to  the  finding  of  the  gas  that  the 
rocks  shall  not  have  been  violently  disturbed  and  broken, 
because  the  gas  certainly  would  have  escaped  through 
the  openings  produced  by  the  fracture  of  the  rocks ;  so 
that  it  would  appear  idle  to  search  for  it  in  the  immediate 
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proximity  of  mountain  chains  ;  but  it  may  be  looiced  for 
in  almost  any  quarter,  wlierever  tlie  strata  have  not  been 
violently  disturbed,  between  the  Upper  Carboniferous 
and  the  Archiean.  In  Southwestern  Pennsylvania  these 
strata  are  very  closely  conformable  and  of  remarkable 
uniformity  in  thickness;  but  in  no  other  part  of  this  coun- 
try is  it  possible,  without  very  careful  investigation  to 
determine  at  what  depth  a  specified  stratum  will  be  found. 
The  several  contiguous  strata  may  contain  water,  oil  and 
gas  in  intimate  mixture,  or  they  may  be  separated  by 
short  intervals  one  from  the  other. '  The  natural  expecta- 
tion that  the  gas  would  be  found  at  the  top,  then  the  oil, 
then  the  water,  is  frequently  reversed  ;  and  in  some  places 
we  first  pass  through  a  stratum  of  salt-water,  then  a  strat- 
um yielding  oil,  and  finally  reach  the  gas  in  a  lower  stratum. 
It  is  manifest  that  there  is  no  communication  between 
the  strata,  where  this  condition  of  things  exists.  When 
first  reached,  the  tension  of  the  gas  is  commonly  very 
high.  The  highest  measured  pressure  of  which  we  have 
knowledge  is  750  pounds  to  the  square  inch;  but,  from 
various  phenomena  exliibited,  and  the  judgment  of  well- 
diggers,  familiar  with  these  astonishing  pressures,  we  may 
conclude  that  a  thousand  pounds  per  square  inch  is  not 
very  unusual  at  the  first  penetration  of  the  drill  into  the 
reservoir.  It  is  not  at  all  uncommon  for  the  drill,  and 
the  rope,  and  even  the  casing,  to  be  blown  out  of  the  hole, 
from  a  depth  of  1,500  feet,  over  the  top  of  the  derrick, 
like  an  arrow  from  a  bow-gun.  In  any  given  pool,  as  it 
is  called  in  the  oil  country,  there  seems  to  be  a  sufficient 
porosity  of  the  rock,  in  which  the  deposit  is  contained,  to 
admit  of  an  approximate  equalization  of  pressures  among 
the  several  wells,  so  that  throughout  an  area  of  one  or 
two  miles  square,  the  wells,  if  shut  in,  will  have  substan- 
tially the  same  pressure,  not  varying  among  themselves 
more  than  thirty  or  forty  pounds  per  square  inch. 

For  the  last  few  years,  much  credit  has  been  attached 
to  the  anticlinal  theory,  in  the  searches  for  oil  and  gas. 
The  drillers,  in  Western  Pennsylvania,  have  faith  in  an 
angle  of  45  degrees  from  the  meridian,  northeast  and 
southwest ;  so  that  a  successful  well  having  been  ob- 
tained, they  immediately  start  the  drills  upon  a  line  pro- 
tracted upon  the  northeastern  and  southwestern  courses 
from  it.  It  happens  that  in  Western  Pennsylvania  the 
folds  in  the  strata,  which  form  the  anticlinals  and  syn- 
clinals, are  approximately  parallel  with  the  crest  of  the 
Allegheny  Mountains,  which  run  rudely  to  the  southwest 
from  the  northern  boundary  of  the  State,  although  with 
a  very  decided  bend,  which  is  followed  by  the  foldings, 
and  also  by  the  remarkable  parallelism  of  the  oil  territory, 
so  far  as  it  has  been  exploited.  Of  course,  the  real  posi- 
tion of  the  anticlinal  fold  can  only  be  determined  by  care- 
ful geological  explorations  on  the  spot.  Prof.  I.  C.  White, 
the  champion  of  the  anticlinal  theory,  has  had  remark- 
able success  in  the  location  of  the  wells  which  have  been 
sunk  under  his  direction  ;  nevertheless,  there  are  excellent 
gas  and  oil  producers,  which  lie  exactly  in  a  synclinal 
I  rough.  It,  therefore,  appears  of  more  consequence  to 
find  a  reservoir  which  has  received  and  retained  the  gas, 
than  that  it  should  be  situated  either  at  the  top  or  bottom 
of  a  fold  in  the  strata.  Of  course,  upon  the  exhaustion 
of  the  reservoir,  the  last  few  pounds  or  ounces  of  pressure 
would  be  obtained  from  the  summit  of  the  reservoir  ;  but 
only  the  drill  can  tell  whether  the  reservoir  extends  to 
the  top  of  the  fold,  or  lies  entirely  in  the  bottom  of  the 
synclinal.  The  reservoirs  in  the  sandstones  were  formed 
before  the  folding  of  the  strata.     The  denser  strata  of 


sandstones  or  shales  surrounding  the  porous  masses,  con- 
taining the  gas,  do  not  seem  to  be  permeated  by  it  in  any 
sensible  degree.  Those  who  wish  for  more  particulars  on 
this  point,  are  referred  to  the  interesting  discussions  by 
Professors  Leslie,  Ashburner.  Carll  and  White.  At  the 
last  meeting  of  Mining  Engineers  at  St.  Louis.  Mr.  Ash- 
burner read  an  especially  instructive  paper  upon  the  geo- 
logic distribution  of  Natural  gas  in  the  United  States  ; 
which  will  be  found  among  the  proceedings  of  that  .So- 
ciety. In  it,  he  thoroughly  explains  how  mystified  and 
misled  any  but  an  expert  geologist  must  be,  in  an  en- 
deavor to  calculate  the  depth  at  which  certain  strata  will, 
at  any  point  not  contiguous  to  previous  drillings,  be 
reached ;  yet  such  an  expert  geologist  can  advise,  after 
sufficient  examination,  with  reasonable  certainty  as  to  the 
depth  at  which  strata,  capable  of  bearing  oil  or  gas,  may 
be  found.  Of  course,  only  the  drill  can  tell  whether 
either  is  there  in  abundant  quantities,  or  not;  even  a  dis- 
tance of  a  few  rods  or  a  few  feet,  may  separate  a  very 
productive  well  from  a  non-productive. 

The  method  of  drilling  for  gas  is  precisely  similar  to 
that  employed  in  drilling  for  oil,  which  has  been  redueed 
to  s'jch  a  trade  and  organized  business,  that  one  may 
order  from  one  establishment  every  article  necessary  for 
an  outfit.  Ordering  a  "carpenter's  rig"  from  the  men 
who  make  a  business  of  furnishing  such,  they  will  ship  to 
the  point  desired,  for  the  sum  of  about  two  hundred  dol- 
lars, every  piece  of  timber  or  lumber  which  is  required 
for  the  erection  of  a  standard  derrick,  with  all  its  attach- 
ments ;  another  firm  supplies  the  rig  irons  for  about  sixty 
dollars.  The  rig-builder,  for  the  sum  of  about  one  hun- 
dred dollars,  will  put  these  parts  together;  set  up  in  com- 
plete readiness  for  the  operations  of  the  driller.  The 
driller  furnishes  the  engine,  rope,  tools;  and  drills  the 
hole  required  (if  inside  of  2,000  feet  deep)  at  a  price  varj- 
ing,  with  the  territory,  the  hardness  of  the  rock,  and  the 
distance  from  the  base  of  supplies,  from  Si.oo  to  $2.00 
per  foot  in  depth.  If  water  is  encountered,  it  must  be 
cased  off  by  inserting  a  tube  called  the  casing.  The 
standard  well-casing  is  5>s  inches  interior  diameter, 
which  will  go  easily  into  the  standard  eight-inch  hole  ; 
the  hole  below  this  casing  is  lYz  inches  in  diameter.  A 
complete  description  of  the  processes  of  well-sinking, 
showing  the  tools  used,  etc.,  will  be  found  in  Prof.  Carll's 
"Report  on  the  Oil  Wellsof  Pennsylvania,"  Vol.  III.  ofthe 
Pennsylvania  Geological  Survey. 

One  of  the  most  remarkable  features  of  well-sinking  is 
the  indifference  of  the  drillers  to  the  loss  of  their  tools. 
It  would  seem  as  if  they  regard  it  as  a  pleasant  feature  of 
the  business  to  have  a  "fishing-job"  on  hand,  as  they  term 
it ;  when  they  have,  by  their  carelessness,  allowed  their 
tools  to  fall  in  a  hole  something  over  one  thousand  feet 
deep,  because  of  the  rope  or  the  derrick-head,  or  some- 
thing else  wearing  out  and  breaking.  The  next  most  sur- 
prising thing  is  the  ingenuity  of  the  contrivances  which 
have  been  devised  to  recover  from  this  seemingly  hope- 
less calamity.  In  the  majority  of  instances  they  do  man- 
age to  pick  up  the  tools  and  to  continue  the  well.  The 
whole  apparatus  for  well-sinking  is  of  the  most  rude  and 
simple  description  of  anything  known  to  mechanics;  yet 
so  admirably  adapted  to  its  work  that  it  would  be  diffi- 
cult to  improve  upon  it  in  any  respect,  except  as  to  its 
appearance. 

It  seems  to  be  well  determined  that  the  gas  in  any  re- 
servoir is  a  limited  quantity  and  not  an  infinite  one,  as 
has  been  supposed.     No  doubt  the  laboratory  of  Nature 
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is  ai  work  producing;  the  i;as,  perha|)s  in  very  large  quan-  use  the  yas  10  produce  the  electric  light  through  adynaino. 
tities  at  the  present  time,  as  heretofore;  but  we  do  not  The  torches  of  Natural  gas  make  a  very  good  light  for 
know  certainly  that  the  process  of  gas  production  is  tak-  yards,  rolling  mills  and  streets.  The  gas  has  not  yet  been 
ing  place  in  the  vicinity  of  the  reservoirs  which  we  have  !  successfully  used  in  smelting  iron-ore  ;  with  this  exception, 
discovered.  A  great  many  of  the  small  reservoirs  have  it  may  be  used  for  aU  purposes  for  which  heat  is  required, 
been  nearly  or  quite  exhausted,  although  many  of  them  and  is  superior  for  those  purposes  to  any  other  fuel  yet 
continued  to  supply  the  limited  demand  which  was  made  known.  It  is  so  perfectly  subject  to  control  as  to  quan- 
on  them  during  many  years  ;  and  it  seems  probable  that  tity  consumed,  as  to  distribution  in  the  furnace,  or  kiln  or 
as  the  oil  pools  have  been  exhausted  of  the  larger  portion  oven,  and  is  so  perfectly  free  from  sulphur  or  other  ol>- 
of  their  contents,  so  we  may  expect  10  finally  exhaust  the  1  jectionablc  admixtures,  that  it  is  held  by  all  classes  of 
largest  gas-pool  which  has  yet  been  reached.  Fortunately,  manufacturers  to  be  beyond  comparison  the  best  and 
the  great  thickness  of  the  strata,  and  the  frequency  of  most  convenient  fuel.  For  the  heating  of  dwellings  and 
the  occurrence  of  porous  masses  in  them,  suitable  for  the  for  cooking,  it  is  convenient,  controllable,  cleanly  and 
storage  of  gas,  seems  to  promise  a  long-continued  supply  most  comfortable  ;  it  soils  nothing;  there  is  no  dust  at- 
in  those  regions,  such  as  Western  Pennsylvania  and  Ohio,  tends  upon  it;  it  may  be  lighted  in  an  instant,  burns 
where  the  strata  have  been  but  little  disturbed.  Mr.  equally  for  as  long  as  wanted,  may  be  increased  or  dim- 
Peter  NefT,  of  Gambia,  Knox  County,  Ohio,  asserts  that  inished  in  intensity  at  will,  and  maybe  extinguished  in 
his  Well  No.  2  has  been  systematically  examined  during  ]  an  instant  ;  it  is  always  at  hand  and  requires  no  attention 
the  last  fourteen  years,  and  there  has  been  no  apparent  from  the  consumer  to  procure  a  supply  after  the  pipes  are 
diminution  in  the  supply  during  that  time,  and  that  the  laid.  It  is  supplied  almost  everywhere,  where  there  are 
well  has  been  blmvhii;  during  twenty  years.  Instances  of  organized  companies,  at  a  less  price  than  its  equivalent  in 
this  kind  are  not  infrequent,  and   have   given  rise  to  the  coal. 

theory,  supported  by  Mr.  Lorin  Blodgett  and  others,  that  The  engineering  problems  connected   v<ith  the  search 

the  hydro-carbons  are  being  distilled  now,  in  vast  quan-  for  gas  was  nearly  all   solved  during  the  search  for  oil; 

tities,  at  the  proper  depth  below  the  level  of  the  ocean,  and  the  dangerous  physical  characteristics  of  the  gas  had 

and  are  constantly  re-supplying  these  natural  reservoirs  come  to  be  thoroughly  well  understood  from  experience, 

through  the  same  avenues  by  which  they  have  heretofore  ,    by  explosions  and  burnings  at  the  oil  wells.     Some  eflforts 

been  filled.  !    were  early  made  toward  the  utilization  of  the  gas,  as  at 

It  may  be  remarked,  in  passing,  that  we  are  beginning  '    Fredonia,  N.  Y.,  in  1821,  and  it  was  piped  in  small  quan- 

to  approach  the  economy  of  nature  in  the  production  of  '    tities  for  the  lighting  of  villages,  heating  of  houses,  the 

fuel  gas;  and  were  the  supplies,  which  are  supposed  to  burning  of   brick,   the   manufacture  of  lamp-black,  &c., 

have  been  derived  from  the  shales   and  stored   for  use  in  :    upon  a  small  scale.     For  many  years  before  the  piping  of 

the  sandrocks  above  them,  to  be  completely  exhausted,  '    the  high-pressure  gas,  for  the  supply  of   furnaces,  rolling 

we  would  be  able  to  substitute  therefor  a  gaseous  fluid.  mills,  lS:c.,  was  undertaken,  it  had  been   known  to  gas  en- 

for  a- price  quite  within  the  purchasing  power  of  manu-  gineers.  and   to  steam  engineers  also,  that  the  most  diffi- 

facturers.  cult  part  of   their  operations    in  conveying  these   fluids 

The  search  for  natural  gas,  and  its  exploitation,  is  being  from  the  place  of  manufacture  to  the  place  of  use,  was  to 

conducted  with  wonderful  vigor.     In  Western   Pennsyl-  secure  the  joints  of  the  pipes  from  leaking.     The  reports 

vania  alone  there  are  incorporated  fifty-two  Natural-gas  of  gas  engineers  made  within  the   past  year  or  two,  indi- 

companies  ;  perhaps  others,  the  names  of  which  have  not  caie   that  there  is  still  a  loss  of  from  fifteen  to  thirty  per 

been  noted.  The  other  Western  States  are  following  suit,  cent,  of  the  total  production  of  gas  in  cities,  due  to  leak- 

and  there  seems  to  be  great  promise  that  Kentucky,  Ohio,  age.     Mr.  Charles  E.  Emery,  in  his  admirable  lecture  be- 

Indiana,    Illinois  and    Missouri,   and  perhaps  Wisconsin,  fore  the  students  of  Cornell   University,  gives   a  similar 

will  be  supplied  from   the    Natural-gas   reservoirs.     The  account  of  ihe  losses  experienced  in  the  transportation  of 

Department  of  the  Interior,  of  the  United  States  Govern-  1    steam. 

ment,  reports  the  total  value  of  the  Natural  gas  produced  j        Mr.  George  Westinghouse,  Jr.,  had  developed  the  same 

during  the  calendar  years  mentioned,  as  follows  :  1    difficulties  in  the  making  of  tight  joints,  in  the  transporta- 
tion of  air  under  high  pressure.     Becoming   interested, 

,g8j ...         ^!!/.^  .'!.!!'.     475,000  0.1  through  the  discovery  on  his  land  of  the  most  violent  gas- 

1884 i,46o.cx>o  ...  I    well  which  has  ever  been  struck,  in  the  transportation  of 

'^^5 4.8s4.i.".  0.  '    ^j^at  gas  for  the  supply  of  consumers  in  the  City  of  Pitts- 

The  useful  products  of  Natural  gas  besides  heat  and  i    burgh,  he  gave  his  attention  to  the   matter  of  providing 

light  are,  a  superior  lamp-black,  called   diamond-black;  1    the  necessary  safeguards  against  the  leakage,  which    he 

and,  when  improperly  burned   in   furnaces,  two  forms  of  !    knew  to  be  inevitable  and  very  dangerous,  if  the  gas  was  to 

nearly  incombustible  carbon;  one  resembling  in  appear-  |    be  conveyed  at  the  high  pressures,  which  would   alone 

ance  Cannel   coal,   the  other  more  nearly  resembling  in  \    admit  of  its  cheap  transportation  over  long  distances,  and 

appearance  a  very  dense  coke,   from  which  superior  pen-  1    of  its  distribution  through  such  great  areas,  as  were  nec- 

cils  are  made  for  the  electric  arc-light.     The  illuminating  essary   for   the   supply   of   that    city.     He,   accordingly, 

power  of  the  gas  is  low,   reckoned  at  eight  candles  upon  1    devised  and  patented  several  methods  of  entrapping  and 

the  usual  scale.     There  are  many  systems  by  which  it  is  carrying  away,  by  escape-pipes,  the  gas  which  would  leak 

enriched  with  carbon,  in  order  to  improve  it  as  an  illu-  from  the  best  joints  which  it  is  possible  to  make  ;  per- 

minant,  chiefly  by  the  use  of  the  lighter   products   of  pe-  fecting  his  !.ystem  by  the  purchase  of  the  patents  of  others, 

troleum  ;  the  mixture  being  converted  into  a  fixed  gas  by  This  system  of  escape-pipes  employed  by  the  Philadel- 

the  use  of  heat  and   of  superheated  steam  ;  but  the  heat  ,    phia  Company,  of  which  Mr.  Westinghouse  is  President, 

evolved  in  burning  it  renders   the   Natural  gas  unfit  for  1    and  which  is  the  largest  supplier  of  Natural  gas  in  the 

illuminating  any  but  large  or  open  spaces.     It  is  better  to  1    world,  will  be  described  in  this  paper,  as  the  most  note- 
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worthy  feature  in  the  art  of  transporting  gas,  from  an 
engineer's  point  of  view. 

Firs/.  As  to  Pipes  and  Joints  ;  the  screwed  joint  upon 
the  wrought-iron'pipe,  is  the  best  and  tightest  joint  that 
has  been  made;  yet  even  this  will  leak  when  filled  with 
so  ethereal  a  fluid  as  gas  ;  and  under  the  pressure  of  eight 
or  nine  poundsto  the  square  inch  (or  fifteen  pounds  to 
the  square  incn,  which  is  allowed  by  the  ordinances  of 
thj  City  of  Pittsburgh),  this  leakage  must  be  very  con- 
siderable, and  it  is  likely  to  be  aggravated  or  increased  by 
the  variations  in  temperature,  the  settling  of  the  ground 
in  which  pipes  are  laid,  and  many  other  occurrences.  The 
screwed  joint,  however,  is  not  as  yet  made  satisfactory 
upon  pipes  of  a  larger  diameter  than  eight  inches  ;  accord- 
ingly, for  larger  wrought-iron  pipes  than  this,  up  to  six- 
teen inches,  the  Philadelphia  Company  uses  a  leaded 
sleeve-joint,  known  as  the  Converse-joint,  reinforced  by 
wrought-iron  rings  shrunk  upon  the  outside  of  the  cast- 
iron  sleeve.  For  larger  pipes  than  sixteen  inches  in 
diameter,  cast-iron  pipes  are  employed,  tested  to  a  pres- 
sure of  three,  hundred  pounds  to  the  square  inch  ;  not 
because'they  have  to  resist  such  an  interior  pressure,  but 
because  pipes  of  this  strength  have  been  found  capable  of 
resisting  the  wear  and  tear  of  life  under  disturbed  streets. 

In  all  streets,  or  near  dwellings,  the  screwed  joints  of 
the  pipes  are  each  surrounded  by  a  conical  heap  of  broken 
stone,  which  is  covered  by  a  sheet  of  heavy  tarred-paper, 
perfoiated  at  the  top  for  the  admission  of  a  trumpet- 
mouthed  pipe,  to  collect  any  gas  which  enters  the  heap 
of  stones.^which  rises  a  few  inches  above  the  heap  of 
broken  stones,  and  communicates  with  a  horizontal  line 
of  escape-pipe  carried  parallel  with  and  over  the  main  gas 
pipes.  This  escape  pipe  is  carried,  at  frequent  intervals 
(say  every  two  hundred  or  three  hundred  feet)  to  a  lamp- 
post_in  the  sidewalk,  through  which  the  gas,  which  has 
been  collected  in  the  escape  pipe,  is  discharged  into  the 
open'air  at  a  point  where  it  can  do  no  harm.  In  some 
instances,  these  lampposts  are  lighted,  to  serve  as  torches 
for  illuminating  the  streets  ;  or  they  are  surmounted  by 
lamps,  in  which  a  regulated  flame  burns  continuously, 
giving  light  by  night,  so  long  as  there  is  any  gas  escaping 
from  the  mains.  This  arrangement  has  been  found  to 
afford  entire  security  against  the  leakage  from  the  small 
lines,  which  might  otherwise  have  penetrated  into  adja- 
cent vaults  and  cellars,  where  it  would  form  a  dangerous 
explosive  mixture,  liable  to  be  ignited  and  to  destroy 
lives  and  property ;  as  has  been  shown  by  much  experience 
in  Pittsburgh  and  elsewhere,  before  this  open  means  of 
escape  for  the  gas  which  leaks  from  the  joint,«  had  been 
contrived.  The  piles  of  broken  stones,  provided  with  an 
escape-pipe,  as  described,  collect  much  other  gas  than 
that  w-hich  leaks  from  the  pipes  or  joints,  for  which  they 
are  prepared  as  a  security ;  almost  always  taking  up  quan- 
tities of  illuminating  gas  from  the  ground,  especially  when 
the  surface  is  frozen,  so  that  the  porosity  of  the  soil  of 
the  streets  is  destroyed.  In  other  joints  than  those  of 
the  screwed  pipe,  the  safety  device  employed  is  a  casing 
around  the  joint  to  be  protected,  forming  a  chamber  in 
which  is  collected  all  the  gas  which  may  leak  from  the 
joint;  the  leaking  gas  being  led  from  this  chamber  up  to 
a  line  of  escape  pipes  by  a  small  tube,  screwed  into  the 
casing  and  communicating  with  the  chamber  surround- 
ing the  joint;  each  joint  is  thus  put  in  communication 
with  an  escape-pipe,  which  is  divided  into  sections  from 
two  hundred  to  three  hundred  feet  in  length,  and  dis- 
charged into  the  air  by  a  pipe  connecting  it  with  a  lamp- 


post in  the  side-walk.  From  each  joint,  the  vertical  pipe 
continues  by  a  (cross)  above  the  horizontal  escape-pipe  to- 
within  a  few  inches  of  the  surface  of  the  street,  where  it 
is  surmounted  by  a  cap,  by  unscrewing  which  each  joint 
can  be  examined  as  to  the  amount  of  its  leakage,  with 
the  smallest  possible  disturbance  of  the  road-bed  ;  so  that 
if  any  lamp-post  is  found  to  yield  gas  in  considerable 
quantity,  it  is  very  easy  to  determine  at  which  joint  the 
leak  occurs  ;  and  the  leak  may  generally  be  remedied  by 
filling  the  casing,  around  the  joint,  with  a  liquid  prepara- 

I  tion  of  asphaltum  under  pressure,  which  enters  the  in- 
terstices of  the  lead  joint,  and  solidifies  there.  The  resi- 
due may  afterward  be  pumped  out  of  the  chamber, 
leaving  it  prepared  to  receive  any  leaking  gas.  as  before. 
Inasmuch  as  the  casing  itself  may  leak  some  gas  into  the 
surrounding  earth,  because  of  the  imperfections  in  its 
joining  to  the  main  pipe,  heaps  of  broken  stone  are  placed 
around  these  casings,  covered  by  tarred-paper,  and  sur- 
mounted by  the  trumpet-mouthed  collecting  pipe,  which 
communicates  with  a  second  line  of  escape-pipe,  led  oflf, 
like  the  other  escape-pipes,  at  frequent  intervals,  to  lamp- 
posts in  the  side-walks.  It  will  be  seen  that  for  the  larger 
pipes,  two  lines  of  escape-pipes  are  provided  in  order  to 
insure  open  passages  to  the  air,  for  gas  that  may  leak  from 
the  joints  of  the  pipes,  or  from  the  joints  of  the  casings 
surrounding  the  principal  joints  of  the  main  pipes.  The 
cast-iron  pipes  are  made  with  a  "  bowl  and  spigot-joint," 
and  are  provided  with  a  second  bowl,  outside  of  the  ordi- 
nary bowl,  which  is  converted  into  a  casini^  surrounding 
the  ordinary  lead  joint  of  the  hrst  bowl,  by  the  insertion 
of  a  ring  around  the  pipe  in  the  outer  bowl,  which  leaves 
a  cavity  or  chamber  surrounding  the  lead  joint ;  the  outer 
portion  of  the  second  bowl  being  filled  with  a  preparation 
of  asphaltum,  which  is  found  to  be  better,  cheaper  and 
more  convenient  than  lead  for  this  purpose.  The  leaking 
gas  is  received  into  the  chamber  thus  formed  between  the 
inner  and  outer  joints  and  conducted  away  by  escape- 
pipes,  after  the  manner  of  the  other  joints  described.  The 
leakage  from  the  joint  in  the  outer  bowl  is  always  pro- 
vided for  (as  are  all  external  joints  in  this  system),  by 
surrounding  it  with  a  heap  of  broken  stone  covered  with 
tarred-paper,  from  which  an  escape-pipe  leads  to  a  lamp- 
post in  the  side-walk,  as  before  described.  These  heaps 
of  stone  also  gather  and  discharge  into  the  escape-pipes 
any  gas  which  may  issue  from  an  imperfection  in  the  body 
of  the  pipe. 

The  delivery  to  houses  of  gas  under  such  high  pressure, 

j  as  is  carried  in  the  main  pipes,  would  be  very  dangerous  ; 
and  two  methods  have  been  employed  for  lessening  the 
pressure  of  the  gas  in  the  houses — one  by  the  ordinary 
tank  system,  in  which  one  tank  governs  the  pressure 
carried  in  a  large  extent  of  low  pressure  lines  in  the  streets- 
and  in  the  houses;  the  other,  which  has  been  adopted  by 
the  Philadelphia  Company,  makes  use  of  a  separate  regu- 
lator for  each  dwelling  or  consumer;  these  regulators 
being  so  arranged  that  they  will  reduce  the  pressure  in 
the  house  or  service  line,  which  supplies  the  fires,  to  not 

j    exceeding  that  of  a  column  of  about  four  inches  of  water. 

j  They  are  so  contrived  that,  in  case  an  interruption  oc- 
curs in  the  supply  from  the  main  line,  a  valve  closes, 
which  will  not  open  again,  so  long  as  a  cock  or  any  other 
opening  exists  in  the  house  lines  ;  thus  affording  a  great 
security  against  a  neglect  to  close  the  cocks  at  the  fires 
in  case  of  an  interruption  of  the  supply,  and  serving  as  a 
detector  of  bad  fittings  in  the  house  line.  The  system  of 
supplying  consumers  through  the  individual  regulator  has. 
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many  features  to  recommend  it  over  the  method  of  sup- 
plying by  tanks ;  a  large  number  of  consumers  being 
always  dependent  upon  the  worl<ing  of  a  tantc,  whereas 
only  one  consumer  depends  upon  the  worl<ing  of  a  regu- 
lator. 

A  brief  account  of  tlie  principal  features  of  the 
Philadelphia  Company's  system  of  mains  is  necessary 
to  complete  a  view  of  the  most  advanced  engineer- 
ing in  the  transportation  of  fuel  gas.  The  Company 
derives  its  supply  from  three  sources.  At  Tarentum  it 
has  eleven  wells;  at  Murrysville  and  Lyon's  Run,  fifty- 
four.  During  the  year,  the  wells  have  been  shut  in,  as  it 
is  called,  by  suspending  to  the  casing  of  each  a  platform 
loaded  with  stone  and  earth,  of  a  sufficient  weight  to 
overcome  the  pressure  in  the  wells,  which  amounts  to 
about  five  hundred  pounds  per  square  inch.  The  gas 
therefore  is  no  longer  allowed  to  be  wasted  by  blowing 
off  into  the  air,  when  not  required  by  consumers  ;  but  is 
retained  in  the  natural  reservoir.  It  was  found  necessary 
to  provide  cast-steel  fittings  at  the  tops  of  the  wells; 
the  ordinary  cast-iron  fittings  not  being  strong  enough  to 
resist  the  interior  strain. 

There  arc  thirteen  lines  of  pipes  belonging  to  the 
Philadelphia  Co.  reaching  tlie  City  of  I^itisburgh,  the 
lengths  of  these  varying  from  seventeen  to  twenty-four 
miles  from  the  wells  to  the  City  Hall.  These  several 
lines  are  inter-connected  by  cross-lines  at  several  points 
throughout  their  length,  and  begin  to  ramify  at  the  city 
limits,  sending  off  large  arteries  to  each  portion  of  the 
City  ;  from  which  main  arteries  smaller  ones  distribute 
the  fluid  through  all  the  considerable  streets  of  the  Cities 
of  Pittsburgh  and  Allegheny,  and  their  suburbs.  At  the 
wells,  the  pipe  connections  are  so  arranged  that  the 
product  of  any  well  may  be  availed  of  to  increase  the 
pressure  in  any  one  of  the  several  lines,  so  that  several 
wells  may  be  shut  off  from  any  part  of  the  system  and 
their  places  supplied  by  others,  securing  any  required 
pressure,  upon  any  line,  at  all  times.  It  is  believed  that 
this  Company  was  the  first  to  adopt  the  telescopic 
arrangement  for  its  pipes,  increasing  them  in  diameter  at 
intervals  on  the  way  to  the  place  of  comsumption,  so  as 
to  be  able  to  deliver  a  volume  of  gas  at  a  designated 
pressure.  The  usual  mode  of  laying  gas  mains  has  been 
to  lay  a  pipe  of  uniform  dimensions,  no  matter  how  long 
the  line,  submitting  to  a  loss  in  both  volume  and 
pressure,  according  to  the  law  of  decrease  in  a  uniform 
tube.  In  designing  the  Philadelphia  Company's 
system,  care  was  taken  to  avoid  all  dead-ends,  and  to 
provide  frequent  connections  between  all  the  main 
arteries  of  the  system,  so  that  the  gas  could  be  carried 
around  in  many  circuits  ;  and  when  it  becomes  necessary 
to  shut  off  any  portion  of  a  main,  only  the  smallest 
number  of  consumers  will  be  affected  thereby  ;  indeed 
almost  any  repairs  or  changes  may  be  made  upon  these 
lines  without  interrupting  any  consumer  ;  for,  if  the  gas 
cannot  reach  him  from  one  direction,  it  will  reach  him 
from  the  other.  The  main  lines  are  provided  at  their 
intersections  with  convenient  stations,  supplied  with 
gauges  attached  to  each  of  the  lines;  with  governing 
valves,  and  with  automatic  safety  valves,  so  that  the 
pressures  cannot  accumulate  above  a  certain  tension. 
There  are  lwent)'-one  of  tliese  stations,  at  which  agents 
are  in  attendance  night  and  day.  and  control  the  pressures 
in  each  section  of  the  pipes,  according  to  the  directions 
communicated  by  telephone  from  the  office  of  the 
General  Superintendent;  the  variations  in  the  consumption 


on  the  (lilTercnt  lines,  making  changes  necessary  from 
hour  to  hour,  or  sometimes,  as  often  as  every  quarter  of 
an  hour.  Of  course,  the  automatic  safety  valves  provide 
against  any  dangerous  accumulation  of  pressure;  but  it 
is  desirable  not  to  waste  the  gas,  and  to  maintain  a 
proper  flow  in  the  pipes  in  accordance  with  the 
consumption  at  the  moment.  It  is  expected  to  provide 
automatic  regulators  for  this  purpose;  but  at  present, 
human  agency  is  employed,  as  has  been  said. 

It  will  have  been  seen  from  the  foregoing,  tliat  the  same 
concern  for  the  protection  of  human  life  and  for  safety 
from  accident,  which  led  Mr.  Westinghouse  to  the  inven- 
tion of  the  air-brake,  has  characterized  his  engineering  in 
the  construction  of  the  great  system  of  the  Philadelphia 
Company,  which  has  been  so  imperfectly  sketched.  To 
the  writer,  his  early  association  with  the  foremost  Com- 
pany for  the  transportation  of  this  new  and  dangerous 
gas  seems  a  fortunate  conjunction,  for  the  people 
among  whom  he  dwells— which  may  be  called  providential. 

The  bibliography  of  Natural  gas  is  more  extensive  than 
is  generally  supposed,  because  the  papers  are  scattered 
through  the  proceedings  of  many  societies  and  through 
the  volumes  of  geological  surveys.  The  most  important 
papers,  because  the  authors  are  the  most  familiar  with  the 
subject,  are  those  by  Professors  Leslie,  Ashburner,  Carll 
and   White,  in  the  geological  surveys   of    Pennsylvania. 

Mr.  Ashburner  has  written  several  other  papers  on  the 
geologic  distribution  of  Natural  gas, and  the  oilfields, 
which  form  a  part  of  the  same  subject,  printed  by  the 
American  Institute  of  Mining  Engineers.  Mr.  McMillan, 
President  of  the  Ohio  Institute  of  Mining  Engineers ;  Mr. 
Edward  Orion,  State  Geologist  of  Ohio;  Mr.  W.  P.  Shinn; 
Mr.  Jos.  D.  Weeks,  of  the  Aiueyican  Matmfacturey  and 
Iron  World,  of  Pittsburgh,  Pa.;  Mr.  Lemuel  Bannister, 
in  a  valuable  pamphlet  entitled  "  Something  About  Na- 
tural Gas;"  Mr.  Lorin  Blodgett,  in  Bradstreefs ;  Mr.  S. 
A.  Ford,  of  Pittsburgh,  and  Mr.  F.  W.  Taylor,  in  pro- 
ceedings of  the  American  Society  of  Mechanical  Engin- 
eers. 

Prof.  Newberry,  of  the  School  of  Mines,  and  Mr.  T. 
Sterry  Hunt,  of  the  Canadian  Geological  Survey,  were 
among  the  earliest  investigators  of  the  origin  of  oil  and 
gas. 

There  is  much  else  which  might  be  referred  to.  but 
these  references  will  open  up  the  subject  to  those  who 
wish  to  pursue  the  inquiry  in  a  serious  manner. 


High  or  Low  Center  of  Gravity  in  Locomotives. 


The  present  writer,  venturing  to  suggest  recently  that 
the  practice  of  seeking  to  design  a  locomotive  so  as  to 
obtain  a  low  center  of  gravity  was  not  only  unnecessary 
but  actually  harmful,  was  taken  to  task  for  so  doing,  and 
now  purposes  showing  that  his  contention  was  right, 
quite  apart  from  its  practical  demonstration  at  the  hands 
of  those  whose  duty  it  is  to  drive  locomotives.  Perhaps 
the  chief  advantage  of  a  high  center  of  gravity,  which  is 
in  the  main  determined  by  the  elevation  of  the  boiler, 
lies  in  the  diminished  effect  of  lateral  blows  of  the  wheel 
flanges  upon  the  rails.  All  locomotives  in  running  are 
more  or  less  liable  to  these  sudden  lateral  movements 
which  result  in  very  severe  blows  upon  the  rails.  The 
difference  of  action  in  such  cases  between  an  engine  with 
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a  high  and  one   with    a    low   CL-iUcr    of-  gravity  may  be 
gathered  from  Fiys.  i  and  2. 

From  rt  consideration  of  these  two  figures,  it  is  easy  to 
see  that  in  the  case  of  the  high  boiler,  any  lateral  dis- 
placement of  the  wheel  flanges  at  their  lowest  points — 
viz.,  the  rail  level— is  very  much  less  directly  transmitted 
to  the  center  of  gravity  of  the  whole  machine  than  is  the 
case  with  the  boiler  in  Fig.  2.  This  is  due  of  course  to 
the  greater  distance  of  the  weight  from  the  rail,  assum- 
ing, which  may  fairly  be  done  for  comparison,  that  the 
whole  weight  is  concentrated  at  the  respective  centers 
of  gravity.     In    tlie   case  of  the  high    boiler,  the  lines  of 


action^as  shown  by  the  dotted  lines — pass  nearer  to  a 
vertical  through  the  springs  ;  and  hence  these  serve  to 
transmit,  or  rather  we  should  say  absorb,  shock  better 
than  they  can  possibly  do  when  the  center  of  gravity  is 
lowered.  Assuming,  for  the  sake  of  argument,  that  the 
center  of  gravity  could  actually  be  brought  to  the  rail 
level,  a  consummation  much  striven  toward  not  many 
years  ago  by  some  designers,  it  is  by  no  means  difficult  to 
see  that  the  whole  mass  of  the  machine  in  moving  later- 
ally would  act  directly  with  great  severity  on  the  rails,  all 
spring  action  being  absent.  Every  inch  of  elevation  of 
the  boiler,  therefore,  brings   into  action  more  of  the  ab- 


sorbmg  action  of  the  springs  and  reduces  the  shocks  and 
tremors  of  a  running  engme,  and  the  centrifugal  action 
in  taking  a  curve  assists  in  bringing  upon  the  outer  rail 
that  excess  above  the  load  on  the  inner  rail,  which  is  de- 
sirable, and  which  is  sought  for  in  the  design  of  the  Bis- 
sel  bogie  or  the  swing  beam  ;  and  yet  with  any  reasonable 
elevation  of  boiler  the  action  does  not  approach  danger- 
ously near  to  an  overturning  point. 

A   point  much  overlooked,  or  perhaps  not  at  all  con- 


sidered in  the  design  of  locomotives,  is  the  possibility  of 
the  time  of  oscillation  of  the  engine  synchronising  with 
the  period  of  the  cause  of  transverse  oscillation.  Such  a 
cause  was  shown  in  the  Meihanical  World  of  November 
12th,  in  the  inclined  position  of  outside  cylinders  especi- 
ally, and  the  synchronism  would  be  most  severe  at  a  cer- 
tain forward  velocity  of  the  engine,  less  so  at  half  or 
double  this  same  velocity,  and  still  less  at  velocities  giv- 
ing no  immediate  ratio  of  wheel  revolution  to  period  of 
vibration.  To  ascertain  the  probabilities  of  any  special 
engine,  the  height  of  the  center  of  gravity  above  the  cen- 
ter of  oscillation  would  require  finding,  in  order  to  deter- 
mine the  period  of  transverse  vibration.  Such  period 
would  best  be  found  by  experiment  with  an  actual  engine 
slightly  altered  in  the  springs.  Knowing  this  period  and 
the  wheel  diameter,  it  could  then  easily  be  ascertained 
what  speed  in  miles  per  hour  would  make  the  wheel  revo- 
lutions or  half  revolutions  coincide  with  oscillations  of 
the  engine  as  a  pendulum.  Should  such  be  the  case  at 
thespeed  forwhichthe  engine  is  desired  generally  to  run, 
it  would  be  necessary  to  alter  the  wheel  diameter,  to 
change  the  rate  of  impulse,  or  raise  the  boilers  in  any 
other  en^jiiies  afterward  made,  so  as  to  alter  the  "pendu- 
lum length." 

It  would  not  be  difficult  so  to  design  an  engine,  that  at 
any  speed  the  center  of  gravity  could  be  raised  or  lowered, 
if  it  appeared  that  synchronism  existed  at  such  speed. 

The  simple  turning  of  a  cock  by  the  driver  could  be 
made  to  vary  the  center  of  gravity  sufficiently  to  cause 
steadiness.  That  such  a  refinement  is  necessary  may 
well  be  doubted,  but  it  is  well  to  know  that  its  attainment 
is  a  simple  matter,  and  it  is  well  also  to  recognize  that  a 
variation  in  the  position  of  the  boiler,  the  diameter  of  the 
wheels,  or  the  position  of  springs  and  length  of  spring 
links,  etc.,  all  have  a  direct  and  immediate  effect  on  the 
running  qualities  of  a  locomotive  in  other  respects  than 
those  generally  credited  to  these  details. 

Pipe  Lines  on  Sugar  Plantation'. 

Owing  to  the  hot  climate  of  Queensland,  it  is  said  to 
be  absolutely  impossible  to  conduct  the  work  of  the  sugar 
plantations  with  white  labor  and  find  the  industry  profit- 
able. To  get  over  this  difficulty,  a  scheme  has  been  tried, 
to  a  limited  extent,  by  which  the  manufacturing  processes 
of  making  sugar  are  carried  on  at  a  central  refinery  owned 
by  separate  proprietors,  or  by  the  different  cane  growers. 
According  to  this  scheme,  the  farmers  are  to  confine 
themselves  personally  to  cane  growing  on  a  moderate 
scale.  In  one  case,  the  farmers  possess  their  own  rolls, 
and  the  juice  only  is  carried  into  the  factory,  which  is 
fed  from  twenty-five  separate  mills.  The  juice,  after  being 
charged  with  lime  to  prevent  acidity,  is  conveyed  to  the 
factory  either  by  road  or  river ;  but  by  far  the  most  im- 
portant manner  of  transit  is  by  means  of  an  extensive 
system  of  3-inch  underground  pipes.  These  have  been 
laid  between  the  various  mills  and  the  central  refinery, 
and  through  them  the  juice  is  forced  for  miles  by  power- 
ful pumping-engines.  The  amount  of  juice  treated  in  this 
refinery  amounted  in  1885  to  over  ten  million  gallons. 
The  price  allowed  is  /ji;  a  ton  ;  but  this,  the  farmers  say, 
is  too  low,  and  that  they  would  get  more  for  their  produce 
were  the  factory  subject  to  competition.  Near  the  town 
of  Bundaberg,  there  is  a  somewhat  similar  system  in 
operation,  a  gigantic  refinery  having  been  erected  at 
Millaquiii. 
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PERFORMANCE    OF    A    PUMPING    ENGINE. 


BY    JOHN    W.    HILL,    M.    E. 

The  Gaskill  pumping  engine  recently  constructed  by 
the  Holly  Manufacturing  Company,  of  Lockport,  N.  Y., 
for  the  city  of  Kalamazoo,  Mich.,  presents  so  many  novel 
features  of  construction,  and  withal  has  developed  such 
an  excellent  economy  for  its  dimensions,  that  a  review  of 
the  machine  and  the  results  obtained  upon  test  trial  is  con- 
sidered of  sufficient  value  to  justify  the  following  paper. 

The  engine  is  vertical,  compound  condensing,  provided 
with   a  beam  crank   and  two  flv-whi-cls,  witli   the   steam 


connecting-rod  is  set  23.25  inches  from  beam  center,  and 
below  the  pin  which  takes  the  lower  end  of  the  link  of 
the  low-pressure  piston. 

The  crank-shaft  is  bent  at  the  center  to  form  a  pin  or 
journal  for  the  outer  end  of  the  main  connecting-rod,  and 
overhangs  the  housing  on  each  side,  with  a  fly-wheel 
keyed  on  each  end.  The  bearings  for  the  crank-shaft  are 
set  off  to  one  end  of  the  housing  and  the  driving-pin  in 
the  working  beam  set  tangential  to  the  crank-pin  and 
shaft  bearings,  when  the  crank  is  on  the  centers,  and  the 
steam  pistons  and  plungers  at  the  ends  of  stroke. 

The  bearings  and  crank  journal  on  the  shaft  are  of 
siinil^ir  diameters. 


Fig. 


cylinders  mounted  upon  a  heavy  cast-iron  housing  over 
the  pumps. 

The  pumps  are  of  the  single-acting  plunger  variety  with 
outside  stuffing-boxes,  of  similar  diameters  and  strokes  of 
plungers;  placed  in  a  vertical  position  three  feet  five 
inches  from  center  to  center  ;  one  plunger  being  driven 
by  the  high-pressure  steam  piston,  and  the  other  by  the 
low-pressure  steam  piston. 

The  engine-beam  centers  turn  in  bearings  in  the  hous- 
ing, which  are  located  centrally  between  the  center  lines 
of  the  high  and  low-pressure  steam  cylinders,  and  about 
midway  between  the  steam  cylinders  and  pumps.  The 
beam  is  elliptical  in  elevation,  of  two  steel-rolled  plates, 
each  1.25  inch  thick,  48.5  inches  deep  at  the  center,  and 
46.5  inches  from  center  to  center  of  end  pins.  The  two 
plates  are  riveted  at  the  center  to  a  heavy,  central  cast- 
iron  boss  through  which  the  shaft  passes,  and  is  provided 
with  cast-iron  bosses,  riveted  on,  to  form  bearings  for  the 
working  pins.     The  pin  taking  the  inner  end  of  the  main 


The  steam  cylinders  and  heads  are  steam  jacketed,  the 
condensation  from  the  jackets  and  any  surplus  steam 
bemg  trapped  back  through  a  closed  feed-water  heater  to 
the  boiler  feed  pump,  from  which  it  is  returned  to  the 
boiler.  (The  construction  of  the  jacket  drainage  and  feed- 
water  apparatus  is  such  that  a  loss  by  a  large  flow  of 
steam  through  the  jackets  is  balanced  by  a  corresponding 
increase  in  the  temperature  of  feed-water  to  boilers,  less 
any  losses  by  conduction  and  radiation  through  connect- 
ing pipes,  which  probably  would  be  less  than  the  loss  of 
economy  which  might  occur  with  an  inadequate  supply 
of  steam  to  the  jackets.) 

The  engine  housing  is  bolted  to  a  foundation  which 
rises  about  2.5  feet  above  the  floor  of  the  engine  room, 
and  the  sole  plate  of  the  pumps  is  bolted  to  the 
foundation,  about  8  feet  4  inches  below  the  floor 
line. 

The  entire  arrangement  of  steam  and  water  ends  and 
crank-shaft  is  as  compact  as  possible,  only  such  spaces 
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existing  as  are  absolutely  necessary  to  the  action  or  ad- 
justment of  the  working  parts. 

The  steam  valves  and  gear  are  of  the  Corliss  pattern, 
one  wrist  plate  working  from  five  pins  the  two  steam- 
valves,  of  the  high-pressure  cylinder,  the  two  intermediate 
valves  between  the  steam  cylinders  and  the  two  exhaust- 
valves  to  the  low-pressure  cylinder.  The  steam-valves 
are  of  the  automatic  liberating  kind,  the  point  of  cut-off 
being  adjustable  by  hand  and  by  the  automatic  pressure- 
regulator,  which  governs  the  cutoff  according  to  the 
head  against  which  the  pumps  arc  working.  The  inter- 
mediate and  exhaust- valves^'jave  fixed  motions. 


Stroke,  steam  pistons  [nominal] 30.0  inches. 

High-pressure  piston-rod  [i]  diameter 2.635      " 

Low-pressure       "        "    [2]         "       3-4=75      " 

Clearance,  high-pressure  cylinder,  estimated    2.5  per  cent. 

"  low-pressure  "  *'         2.5  "       " 

Steam  cylinders,  jacketed  sides  and  heads,  with  sides 
lagged,  with  walnut  staves,  and  upper  heads  finislied  with 
polished  covers. 

Crank-shaft,  diameter,  journals .        i.- inches. 

Fly-wheels,  [two]  diameter  ,„  feet. 

"      vvcight  [eachj.  S.ooo  pounds. 

Air-pumps  (two),  single  acting,  bucket  pattern,  worked 
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The  condenser  is  of  the  jet  variety,  taking  injection 
water  from  the  suction  pipe  of  the  main  pumps. 

In  the  following  table  are  given  the  principal  dimensions 
of  the  engine,  and  arrangement  of  the  principal  details. 
(The  pump  plungers  were  carefully  measured  previous  to 
the  trial.) 

Plunger  driven  by  high-pressure  piston,  diameter 20.03125  inches. 

"        "      "  "  "        stroke 29.96875       " 

"  "        "   low-pressure         "        diameter. 20.03125      " 

"  "        "      "  "  "       stroke 29.922      '* 

The  other  principal  dimensions  of  the  engine  were 
taken  from  contractors*  drawings,  except  steam  piston- 
rods,  which  were  measured. 

High-pressure  steam  cylinder,  diameter   18.0  inches. 

Low-pressure      "  "  "         36.0      ., 


from  pins  at  ends  of  an  even  lever,  working  beam  mounted 
on  an  extension  of  the  engine-beam  shaft. 

Air-pumps,  diameter 11  inches. 

"         "       stroke 14 

Boiler  feed-pumps  are  of  the  single-acting  plunger 
variety,  two  in  number,  worked  from  an  even  lever  beam 
keyed  on  the  extension  of  engine-beam  shaft,  outside  the 
beam,  by  which  the  air-pumps  are  driven. 

Feed-pumps,  diameter 3  inches. 

"  "        stroke 7.25       " 

Pumps  are  fitted  with  four  sets  of  small  single  beat 
rubber  valves,  mounted  in  composition  shells,  and  work- 
ing on  composition  seats  screwed  into  the  diaphragm  of 
valve  chambers. 
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Each  set  contains  91  valves,  or  364  valves  in  the  suction 

and  discharge  chambers  of  both  pumps.  j 

Pump-valvfs,  diameter  disc 1.7s  inches.  ' 

*'  "  "        opening  in  scat i-S'-s      "  ' 


lift. 


"  *•        tliiclcness  of  disc 0.50      "  ! 

The  valves  are  guided   above  the  seat   by  the  stem 
(which  moves  with  the  disc)  passing  through  a  hub  in  a 
three-winged  cage,  which  screws  down  over  a  threaded    ■ 
projection  of  the  seat,  outside  the  valve  disc.  ' 

The  lift  of  pump-valve  presents  a  clear  opening  between 
the  disc  and  seat  of  1.7 1 8  square  inches,  while  the  area 
through  the  seat  is  the  full  area  for  diameter— or  1.353 
square  inches.  The  velocity  of  flow  through  the  seats, 
with  plungers  moving  at  the  rate  of  130  feet  per  minute: 


130x315.1425 
123.123x60 


5.547  feet  per  second. 


The  pumps  take  water  from  a  curbed  well,  outside 
pump  house,  20  feet  diameter,  25.8  feet  deep  from  coping. 
The  well  is  supplied  by  infiltration  through  the  surround- 
ing soil,  which  passes  under  the  iron  shoe  upon  which  the 
tight  curb  is  built. 

The  specification  and  agreement  provided  that  the 
engine  should  have  a  daily  capacity  of  3,000,000  United 
States  standard  gallons  of  water,  at  120  feet  piston  speed, 
against  a  domestic  head  of  120  feet ;  should  be  capable  of 
pumping  against  a  fire  pressure  of  130  pounds  per  square 
inch  of  pump  plungers,  with  70  pounds  steam  pressure  by 
gauge,  and  should  develop  a  duty  of  95,000,000  foot  pounds 
per  100  pounds  of  best  coal  (to  be  selected  by  the  con- 
tractor) burned  under  the  boiler,  with  steam  pressure  at 
70  pounds  by  gauge. 

The  contract  trial  was  conducted  in  accordance  with 
the  specification  and  agreement  between  the  City  of  Kal- 
mazoo  and  contractors,  and  the  usages  and  rules  generally 
accepted  in  test  trials  of  pumping  machinery  of  the  first 
class. 

Previous  to  the  trial,  levels  were  taken  of  the  center  of 
water-pressure  gauge  from  which  the  pressures  were  read, 
of  the  center  of  the  pumps,  and  of  a  bench  mark  located 
in  the  pump  well,  from  which  the  stages  of  water  in  the 
well  during  the  trial  were  taken  by  means  of  a  Chester- 
man  tape  and  float. 

The  vertical  distance  from  the  center  of  water-pressure 
gauge  to  the  center  of  pumps  is  20.4S  feet.  From  center 
of  pumps  to  average  level  of  water  in  pump  well,  during 
duty  trial,  was  14.4463  feet.  From  center  of  water-pres- 
sure gauge  to  B.  M.  in  pump  well  was  18.000  feet. 

For  duty  trial  the  following  data  were  taken  : 


Steam  pressure  at  boiler. 


Water  pr 
Engine  c 

essure 

., 

^^ 

0 

■ 

„ 

Vacuum 

ncondenser 

Level  of 

water  below  B.  M.— in  pump  well 

" 

so 

Tempera 

ture  of  feed-water  to  boilers 

"  injection  to  condenser 

30 

hourly. 

"  overflow  from  air-pumps 

every 

30 

minutes. 

hourly. 

Indicate 

d  iagrams  from  steam  cylinders 

Barometer 

The  coal  burned  was  "  Lackawanna,"  of  good  quality. 
This  was  weighed  in  uniform  charges  of  70  pounds,  on  an 
acceptable  scale  in  the  boiler  room,  at  the  rate  of  two 
charges  an  hour,  and  dumped,  just  previous  to  firing,  in 
front  of  the  boiler ;  only  one  charge  at  a  time  being  allowed 
upon  the  floor. 


The  fire  was  worked  right  and  left ;  70  pounds  to  a 
charge,  every  30  minutes. 

At  II  A.  M.,  March  gth,  the  half  fire  to  the  right  received 
the  first  full  charge  of  70  pounds;  at  1 1.30  A.  M.,  the  half 
fire  to  the  left  ^ceived  the  second  full  charge  of  70 
pounds.  At  12  M.,  the  half  fire  to  the  right  received 
the  third  full  charge  of  70  pounds;  at  12.30  p.  M.,  the  half 
fire  to  the  left  received  the  fourth  full  charge  of  70  pounds, 
and  in  like  manner  throughout  the  trial,  the  half  fires 
right  and  left  being  alternately  fired  with  regular  inter- 
vals of  30  minutes  between  the  firings. 

At  5.15  A.  M„  March  lotb,  an  extra  charge  was  divided 
between  the  right  and  left  side  of  fire  ;  at  10.45  ■*.  m.,  an 
extra  charge  was  divided  between  the  two  sides  of  fire. 

The  trial  for  duty  commenced  at  1 1  a.  m.,  March  9th, 
and  ended  at  11  A.  M.,  March  loth,  embracing  an  unin- 
terrupted operation  of  the  engine,  under  nearly  uniform 
conditions  of  steam  pressure,  water  pressure  and  speed — 
for  a  period  of  24  hours. 

During  this  time  the  coal  fired  was  50  charges  of  70 
pounds,  or  a  total  consumption  of  3,500  pounds.  Ash, 
clinker,  and  waste  from  ash-pit,  at  end  of  trial,  158.5 
pounds.     Percentage  of  non-combustible,  4.53  pounds. 

The  grate-bars  were  of  the  rocker  pattern,  and  these 
were  worked  frequently  to  clear  the  fire  of  clinker  and 
ash  during  the  trial.  The  fires  were  cleaned  of  ash  and 
clinker  at  beginning  of  trial,  and  the  ash-pit  raked  clean. 
The  fires  were  of  the  same  thickness  and  in  same  condi- 
tion, as  nearly  as  could  be  judged  from  careful  observation, 
at  beginning  and  end  of  trial.  The  condition  and  thick- 
ness at  beginning  was  observed  and  entered  in  the  writer's 
notes  at  the  time,  and  the  same  condition  and  thickness 
was  restored  at  the  end  of  trial. 

The  average  head  pumped  against  during  the  trial  was 
59.8384  pounds,  obtained  as  follows: 

Average  pressure  by  water-pressure  gauge 42.7057  pounds. 

Correction  of  gauge 1.0000        '* 

Corrected  gauge  pressure 43.7057       " 

Center  of  water-pressure  gauge  to  bench  mark 18.0  feet. 

B.  M.  to  surface,  water  in  well 16.9263  *' 

Pressure  due  different  levels 15-1327  pounds. 

Add  allowance  for  frictional  resistance  of  pumps i.ooo        " 

Total  head 59.8384        " 

"     i38.io6feet. 

Engine  counter,  11  a.  m.,  March  9th 149,986 

iiA.M.,        "     loth  i88.i88 

Revolutions  in  24  hours 38,202 

"  per  minute 26.5292 

Piston  speed,  per  minute,  feet 1-^2.407 

Area  of  plungers,  (each) 

20.031252  X  0.7854  =  315.1425  square  inches. 
Plunger  travel,  per  revolution  of  engine, 
29.96875  -1-  29.922 


=  4.991  feet. 


=  102,728,884.96  ft.  lbs. 


And  duty  developed,  per  100  pounds  of  coal, 
315-1425  X  4.991  X  59.8384  X  382 
35.00 

The  specification  and  agreement  guaranteed  a  duty  of 
95,000,000  foot  pounds  per  100  of  coal  burned,  which  was 
exceeded  in  the  actual  performance  of  the  engine  by 
nearly  e/j^/ii  millions  foot  pounds. 

The  means  of  the  data  taken  during  the  duty  trial  are 
as  follows  : 

Duration  of  trial 24  hours. 

Pressure  of  steam  at  boiler 72.062  pounds. 

'  engine  71.287 

Level  of  water  in  boiler,  1 1  a.  m.,  March  9th 7.00  inches. 

"     "        "       IIA.M.,        "      loth 6.875       " 

"       "        "      "        "      mean  for  trial 7-0332       " 


THE     RAILROAD     AND 


[January,  1887. 


Vacuum  io  condeoser,  observed 25.863  inches. 

"  "         corrected 34-345       " 

"  '*  "        11.951  pounds. 

Tempcr.iture  of  feed-water,  observed 171-344 

corrected 168.344 

'  ■  5°.937 

49-937 

93-156 


verflow,  observed 

•'         corrected..^ 

ir,  engine  room 73-=3 

Barometer,  inches 29.466 

"  pounds 14-465 

It  was  provided  by  the  specification  and  agreement, 
that  the  engines  hould  have  a  capacity  of  3,000,000  United 
States  standard  gallons  per  diem  of  24  hours,  at  a  piston 
speed  of  130  feet  per  minute. 

No  provision  was  made  in  the  contract  for  the  measure- 


held  firmly  down  upon  the  top  of  pump-barrel  and  parallel 
with  the  axis  of  plunger,  with  the  results  previously  give« 
in  the  table  of  dimensions, 

The  total  plunger  stroke,  per  revolution  of  engine,  was 
59.89075  inches  ;  and  calculated  capacity  of  both  pumps, 
per  revolution  of  engine,  equal  to  one  stroke  of  eack 
pump,  or  two  single  strokes  of  plungers, 

20.03.25"  X  a7854  x  59.89°7S  _  81.706  gallons. 

The  pumps  being  of  the  single-acting  variety,  the  effective 
area  was  therefore  the  full  area  due  the  diameters  of 
plungers,  or,  315.1425  square  inches,  and  capacity  of 
pumps,  per  diem  of  24  hours,  at  a  piston  speed  of  130 
feet  per  minute, 
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ment'of  the  delivery  of  the  pumps  ;  neither  were  the  con- 
nections of  the  pumps  with  the  source  of  supply  and  the 
distributing  mains  such  that  an  accurate  measurement  of 
the  delivery  could  have  been  made,  except  with  a  discon- 
tinuance of  water  to  the  city  for  a  period  of  several  days. 

In  the  absence  of  an  exact  measurement  of  the  deliver)' 
of  the  pumps,  whicli  was  not  provided  for  by  the  contract, 
the  writer  measured  the  diameters  and  strokes  of  the 
pump  plungers,  from  which  to  deduce  the  probable  actual 
deliver)'  at  contract  piston  speed. 

The  pump  plungers  were  carefully  calipered,  and  meas- 
ured upon  a  Brown  &  Sharp  standard  24-inch  steel  scale, 
with  results  previously  given  in  the  table  of  dimensions. 
The  stroke  of  plungers  was  measured  by  holding  a  finely 
pointed  lead  pencil  firmly  upon  the  upper  surface  of  the 
lower  cross-head  (of  each  side  of  engine),  which  was 
machine  faced,  and  causing  it  to  inscribe  the  lineal  move- 
ment of  the  pencil,  and,  by  the  same  token,  of  the  cross- 
head  and  connected  plunger  upon  a  dressed  pine  board 


130X  1440  =  3,064,658.69 


3'5-'425 
231 
United  States  standard'gallons. 

The  contractors'  guaranteed  capacity  per  diem,  at  130 
feet  piston  speed  per  minute,  was  3,000,000  gallons.  The 
calculated  capacity  of  the  pumps  per  diem,  from  measured 
dimensions  and  at  130  feet  piston  speed  per  minute,  is 
3,064,658.69  gallons,  allowing  64,658.69  gallons,  or  2.1098 
per  cent,  of  calculated  capacity  to  cover  the  loss  of  action 
or  slip  of  pumps. 

Although  this  loss  of  action  was  less  than  the  writer 
had  ever  obtained  from  comparison  of  calculated  plunger, 
or  piston  displacements  of  pumps,  with  the  actual  meas- 
ured   deliveries,  still    it  was   not  without   precedent,  as 
shown  in  the  following  test  trials  of  pumping  engines : 
Simpson  compound    beam-rotative  pumping  engine, 
built  by  E.  P.  Allis  &  Co.  for  the  City  of  Milwau- 
kee, 1875,  bucket  and  plunger  pump: 

Loss  of  action,  2.26  per  cent. 
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Worthington  compound,  duplex,  direct-acting  pump- 
ing engine,  built  by  H.  K.  Worthington  for  the 
City  of  Lowell,  Mass.,  1876,  double-acting  plung- 
er pumps  :  Loss  of  action,  2.25  per  cent. 

Worthington  compound,  duplex,  direct-acting  pump- 
ing engine,  built  by  H.  R.  Worthington  for  tlic 
City  of  Philadelphia,  1872,  double-acting  plung- 
er pumps  :  Loss  of  action,  1.50  per  cent. 

Wm.  Wright  single  cylinder,  beam-crank  and  fly- 
wheel pumping  engine,  No.  i,  Brooklyn  Water 
Works  bucket  and  plunger  pump,  from  tests  by 
Mr.  Kirkwood,  i860:        Loss  of  action,  2.0  per  cent. 

Wm.  Wright  single  cylinder,  beam-rotative  pumping 
engine.  No.  2,  Brooklyn  Water  Works  bucket 
and  plunger  pump,  from  tests  by  Mr.  Kirkwood, 


Engine  No.  i.     Loss  of  action,  2.43  per  cent. 
No.  2.         "      "         "       2.44     " 
he  is  of   the  opinion  that  the  style  of   pumps  furnished 
with  this  engine — with  the  packing  around  the  plungers 
tight  and  pump  valves  in  good  condition — will  work  with 
a  loss  of   action  less  than  was  found  for  the   Memphis 
pumping  engines  with  central  packing  rings,  and  that  the 
allowance  of   64,658.69  gallons  per  diem,  in  excess  of  the 
I    contract  capacity  of  3,000,000  gallons,  will  fairly  cover  the 
I    probable  loss  of  actio;i  of  the  pumps,  and  that  the  con- 
tract requirements  for  capacity  were  fairly  complied  with. 
It  has  been  stated  that  the  well  from  which  the  engine 
pumps,  is  supplied  by  infiltration  from  the  surrounding 
soil,  which  passes  into  the  well  under  tlie  iron  shoe  upon 
which  the  curb  is  built. 

(  To  he  continued.) 
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Date  1:00  P.M.  March  9th.  188 
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Volume  L.P.  cyl.  sqgSo.2 
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i860:  Loss  of  action,  1,50  per  cent. 

Corliss 'compound  crank  and  fly-wheel  pumping  en- 
gine, built  by  Corliss  Steam  Engine  Co,  for  the 
City  of  Providence,  R.  L,  1882,  single-acting 
plunger  pumps  :  Loss  of  action,  0.50  per  cent. 

Mr.  Colyer,  in  his  "Treatise  on  Pumping  Machinery," 
page  84,  says:  "The  slip  of  single-acting  plunger  pumps, 
Cornish  style,  at  the  Southwark  and  Vauxhall  Water 
Works,  London,  does  not  exceed  2  per  cent,  of  the  calcu- 
lated displacement." 

Although  the  least  loss  of  action  which  the  writer  has 
ever  measured  is  greater  than  any  given  in  the  table 
above,  as  follows : 

Gaskill  compound  crank  and  fly-wheel  pumping  en- 
gine, Memphis,  Tenn.,  18S2,  double  acting  plung- 
er pumps: 


Locomotive  Coupling-Rods. 

There  have  been  several  letters  published  in  English 
engineering  papers,  recently,  containing  testimony  with 
reference  to  the  first  use  of  solid  eyes  and  bushes  on  loco- 
motive coupling-rods.  The  latest  writer  says:  "The  first 
coupled  locomotive  with  solid  eyes  and  bored  and  turned 
bushes  I   had  seen,  was  made   by  the  firm  of  Slaughter, 

I  Grunning  &  Co.,  of  Bristol,  turned  out  early  in  1861,  to 
the  order  of  the  Waterford  &  Tramore  Railway  Company, 

I    and  it  was  considered  a  new  departure  at  the  time.     Can 

some  of  your  other  correspondents  give  an  earlier  date  ?  " 

It  may  interest  some  of  these  correspondents  to  know 

that  solid  eyes  and  bushes  were  used  in  this  country  on 

[  Winans' camel  engines  as  early  as  1852.  They  are  also 
shown  in  an  old  lithograph  of  a  "grasshopper"  locomo- 
tive built  by  Gillingham  &  Winans  in  1835. 
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Is  Water  Gas  an  Economical  Fuel?* 

BY   WILLIAM    KENT,   NEW   YORK. 

In  the  discussion  of  Mr.  F.  W.  Taylor's  paper  on  water 
gas,  at  the  Chicago  meeting,  the  writer  stated  that  the 
conclusion  to  which  Mr.  Taylor  had  been  led  by  his  ex- 
periments, viz.:  that  water  gas  is  not  as  economical  as 
Siemens  gas,  when  used  as  a  fuel  for  steel-melting  fur- 
naces, would  probably  be  confirmed  by  a  theoretical  con- 
sideration of  the  amount  of  heat  carried  away  in  the 
chimney  gases.  A  further  study  of  the  subject  shows 
that  the  opinion  then  given  wis  correct. 

Let  C  represent  the  carbon  in  a  given  quantity  of  fuel. 
O  the  o.xygen  needed  to  make  carbonic  oxide  (CO) 

with  this  C. 
2O  the  oxygen  needed  to  make  carbonic  acid  (CO,) 

with  the  same  C. 
HoO  the  water  needed  to  make  water  gas  of  the  for- 
mula (CO +2Hj  with  the  same  C. 
N  the  nitrogen  in  the  air  from  which  the  O  is  taken  to 

burn  C  to  CO. 
2N  the  nitrogen  in  the  air  from  which  the  2O  is  taken 

to  burn  C  to  CO,. 
Ex.  air  the  excess  of  air  used  in  final  combustion  in  the 
furnace  over   that   required    to   make  complete 
combustion. 
The  fuel  may  be  used  in  three  ways  : 
1st,  by  direct  and  complete  combustion  in  the  furnace. 
2d,  by  partial  combustion  in  the  Siemens  gas  producer, 
and  final  combustion  of  the  Siemens  gas  in  the 
furnace. 
3d,  by  partial  combustion  in  the  water  gas  producer,  and 

final  combustion  of  the  water  gas. 
The  results  of  the  three  ways  of  burning  the  fuel  are  as 
follows : 
Materials  used. 
..     Direct.        C-t-204-2N-)-Ex.  air 

{  In  producer,  C-f-O+N 


Products. 
C0j-f2N-|-Ex.  air. 
CO+X  ^Siemens  gas). 


Sien 


furnace, 
(  CO-t  N-l-O-l-N-l-Ex.  a 
(  In  producer,  C+H^ 


CO„+2N-)-Ex 


CO  f=H  (Water  gas). 
Water  gas. -'  In  furnace,'  /  CO<,+2N-t-Ex.  air 

(  C0-|-2H-)-20-(-2N-t-Ex.  air  )  "  -f-H^O. 

The  final  product  of  (i)  and  (2)  is  the  same.  The  final 
product  of  (3)  differs  from  that  of  (i)  and  (2)  only  in  con- 
taining H,0,  which  is  the  same  H2O  (water)  which  was 
added  in  the  producer  in  making  the  gas.  This  is  true 
whatever  may  be  the  actual  formula  of  the  water  gas. 
All  the  water  originally  used  in  the  manufacture  of  the 
gas  reappears  in  the  products  of  combustion  in  the  chim- 
ney. The  only  difference  is  that  in  the  chimney  it  appears 
in  the  form  of  steam,  superheated  to  the  temperature  of 
the  chimney  gases,  while  it  originally  enters  the  system 
as  cold  water.  All  the  heat  contained  in  the  water 
thus  escaping  in  the  chimney,  above  the  amount  it  con- 
tained when  it  was  originally  introduced  into  the  system, 
is  entirely  wasted. 

The  amount  of  heat  thus  wasted  can  be  calculated  if 
we  know  the  amount  of  water  used,  and  its  temperature 
on  entering  and  on  leaving  the  system. 

Suppose  a  pure  water  gas  to  be  of  the  formula 
CO-fH  made  from  C  +  HoO 

or,  pounds,  12+ 16-1-2  i2-(-i8 

The  escaping  gases  would  contain,  in  addition  10  nitro- 
gen and  excess  of  air, 

•  Paper  read  before  the  American  Society  of  Mechanical  Engineers. 


COs-^HjO 

pounds,  44-t- 18. 
The  18  pounds  of  water  being  the  same  from  which  the 
water  gas  was  made  with  12  pounds  carbon.  The  carbon, 
if  completely  burned  from  C  to  CO,,  would  generate 
12  X  14,500=  174,000  heat  units  (Fahrenheit).  Suppose 
that  the  chimney  gases  are  cooled  by  regenerators  or 
other  means  down  to  212"  F.,  that  the  water  escapes  in 
the  form  of  steam  of  that  temperature — its  total  heat,  in- 
cluding latent  heat  of  evaporation,  being  1,178°  F. — and 
that  the  water  entered  the  system  at  78'-  F.  The  heat 
carried  away  by  this  water  escaping  in  the  shape  of  steam, 
in  excess  of  that  which  it  introduced  into  the  system, 
would  be 

1,100  X  18=19,800  heat  units, 

equal  to  about  1 1.4  per  cent,  of  the  whole  amount  of  heat 
produced  by  burning  the  12  pounds  carbon  from  C  to 
CO„. 

This  is  the  most  favorable  case,  for  it  is  in  practice 
never  possible  to  cool  the  chimney  gases  of  heating  fur- 
naces to  as  low  a  temperature  as  212°  F. 

Theoretical  considerations,  therefore,  indicate  a  loss  of 
economy  in  the  use  of  water  gas  as  fuel,  equal  to  at  least 
1 1  per  cent,  of  the  total  fuel  value  of  the  carbon  used, 
and  this,  independent  of  any  loss  which  may  arise  from 
imperfections  of  the  producer  or  its  method  of  operation. 
Such  a  loss  is  not  met  with  in  the  Siemens  system,  nor 
in  the  ordinary  system  of  direct  burning  of  the  fuel  upon 
a  grate,  except  in  so  far  as  moisture  in  the  shape  of  cold 
water  may  be  present  in  the  fuel  used. 

The  fact  that  there  is  a  loss  of  economy  in  the  use  of 
water  gas  as  a  fuel,  in  comparison  with  the  direct  use  of 
the  carbon  from  which  it  is  made,  is  clearly  revealed  in 
other  ways,  however,  even  by  some  of  those  who  have 
written  in  favor  of  the  water-gas  processes.  For  instance. 
Dr.  Henry  Wurtz,  in  Vol.  VIII  "Trans.  Amer.  Inst. 
Mining  Engineers,"  pp.  295,  296,  shows  that  37.5  pounds 
of  anthracite  coal  are  required  to  generate  1,000  cubic 
,  feet  of  water  gas,  and  that  water  gas  has  a  heating  power 
of  311°  F.  per  cubic  foot.  This  equals  311,000  heat  units 
per  1,000  cubic  feet.  Assuming  anthracite  to  produce 
13,000  heat  units  per  pound  (a  moderate  figure),  the  37.5 
pounds,  if  burned  directly,  would  produce  13,000x37.5  = 
487,500  heat  units,  showing  that  the  water  gas  has  a  ther- 
mic value  of  only  63. S  per  cent,  of  the  coal  from  which  it 
is  produced. 

Better  results  are  deduced  theoretically  by  Mr.  Wm.  A. 
Goodyear,  Vol.  XI  "Trans.  Amer.  Inst.  Mining  Engi- 
neers," p.  311.  He  shows  that  water  gas  derived  from 
anthracite  has  about  81  per  cent,  of  the  heat-producing 
power  of  the  carbon  contained  in  the  anthracite.  Neither 
of  the  two  writers  named,  however,  seem  to  have  con- 
sidered the  cause  of  the  loss  of  heat  to  which  I  have  re- 
ferred, viz.:  the  carrying  away  of  heat  in  the  superheated 
steam  in  the  chimney  gases. 

Improvements  in  Locomotives  and  Signals. 

At  the  opening  meeting  of  the  session,  held  on  Novem- 
ber 9th,  Mr.  Edward  Woods,  president,  delivered  an  ad- 
dress, in  which  he  stated  that  his  connection  with  the 
profession  dated  from  the  time  when  he  entered  the 
service  of  the  Liverpool  &  Manchester  Railway  Company. 
After  describing  the  system  on  which  that  line  was  orig- 
inally constructed  and  the  improvements  subsequently 
introduced,  he  observed  that,  generally,  the  substitution 
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of  steel  for  iron  rails  had  been  attended  with  most  benefi- 
cial results  to  all  railway  companies,  a  change  which  was 
rendered  possible  by  the  inventions  of  Sir  Henry  Bessemer 
and  Sir  William  Siemens,  and  the  keen  competition  of 
manufacturers.  The  president  then  proceeded  to  remark 
that  the  most  advanced  type  of  locomotives  of  the  present 
day  retained  the  essential  characteristics  of  those  which 
held  the  field  at  the  commencement  of  the  era  to  which 
he  had  referred.  Great  improvements,  it  was  true,  had 
been  effected  in  most,  if  not  in  all,  constructive  details, 
while  the  progressive  increase  of  traffic  called  for  a  cor- 
responding augmentation  of  the  power  necessary  to  haul 
the  trains.  Hence  the  locomotives  of  the  present  day 
possessed,  as  a  rule,  at  least  four  times  more  steaming 
power,  coupled  with  six-fold  weight,  than  those  of  the 
class  represented  by  the  "  Planet,"  the  approved  type  of 
the  period  from  1S32  to  1S36.  The  contrast  in  point  of 
efliciency,  between  the  locomotives  of  the  present  period 
and  those  of  half  a  centurj'  ago.  was  striking.  As  to 
tractive  power,  the  increase  was  at  least  fivefold,  having 
regard  to  the  proportions  of  the  parts,  the  steaming 
capacity  of  the  boilers,  and  the  higher  pressures  of  steam 
at  which  the  engine  was  now  worked.  Inclines  which  at 
one  time  were  regarded  as  too  formidable  to  be  worked 
advantageously  by  locomotives,  were  now  readily  sur- 
mounted by  the  powerful  engines  of  the  present  day. 
The  limit  of  inclination  admitting  of  being  surmounted 
by  locomotives  appeared  to  be  practically  reached  at  the 
figure  of  about  264  feet  to  the  mile  (one  in  20).  Where 
the  incline  was  greater,  resort  must  be  had  either  to  the 
stationary  engine  and  rope,  or  to  one  of  the  systems 
which  had  recently  been  reintroduced.  Concurrently  with 
the  increase  of  traffic,  the  increased  speed  at  which  it  had 
to  be  conducted,  and  the  increased  number  of  trains 
rendered  it  necessary  to  provide  fresh  agencies.  Distant 
signals  were  unknown  at  first,  as  well  as  the  appliances 
for  controlling  them  from  the  home  signalman's  station. 
Still  later,  it  became  possible  to  actuate  all  the  switches 
opening  into  the  sidings  and  cross-roads  of  a  station  from 
a  central  signal-box,  supplemented  afterwards  by  the  ad- 
mirable arrangements  for  interlocking,  and  the  simul- 
taneous control  of  signals  as  depending  on  the  altered 
positions  of  those  switches.  Then  the  invention  of  the 
electric  telegraph  enabled  instant  communication  betw^een 
station  and  station,  and  afterwards  the  establishment  of 
the  block  system,  which,  when  carried  out  properly, 
would  seem  to  have  reduced  the  chances  of  collision  to  a 
7itinimum  so  far  as  signaling  was  concerned. 


Torpedo  Experiments. 

(From  the  London  Times.) 

The  torpedo  experiments  against  the  Rcs/s/anct:,s.rmor- 
plated  ship,  moored  fore  and  aft  in  Fareham  Creek,  Ports- 
mouth, reached  the  culminating  point  this  afternoon 
(November  2d),  the  attack  having  suddenly  approached, 
at  a  bound,  from  a  range  of  25  feet  to  actual  contact  with 
the  ship.  The  interest  aroused  by  the  experiment  was 
greater  than  on  any  previous  occasion,  as  nothing  less 
was  expected  than  that  the  veteran  ironclad  would  receive 
its  quietus,  and  be  either  blown  to  pieces  or  sunk.  It 
was  also  the  first  time  that  a  real  Whitehead  had  been 
exploded  in  actual  contact  with  a  real  ship  of  war,  and  it 
was  hoped  that  much  information  would  result,  not  only 
as  regarded  the  destructive  effects  of  the  engines  fired  at 
close  quarters,  but  with  respect  to  the  value  of  double 


bottoms  and  coal  bunkers  in  circumventing  the  effects  of 
'  the  burst,  and  the  importance  of  water-tight  bulkheads 
in  localizing  the  inrush  of  water.  The  result  proved  an 
other  disappointment  for  the  attack,  in  spite  of  the  con- 
siderable injury  tl|^t  was  inflicted.  As  a  matter  of  fact, 
the  ship  was  placed  under  every  disadvantage,  while 
everything  was  done  to  add  to  and  aggravate  the  power 
of  the  assault.  The  Resistance  was  placed  in  chancery, 
so  to  speak.  She  was  deprived  of  her  net  defenses  and 
moored  in  shallow  water,  while  a  16-inch  torpedo,  charged 
with  93  pounds  of  gun-cotton,  was  lashed  to  a  boom  and 
placed  longitudinally,  fore  arid  aft,  in  contact  with  the  port 
side  of  the  hulk  amidships^  The  submersion  was  about 
eight  feet,  which  brought  the  torpedo  immediately  above 
the  bilge  keel.  It  was  not,  however,  supposed  that  there 
would  be  any  overhang  or  bulge  of  the  ship  beyond  i8 
inches.  At  20  minutes  past  3,  the  torpedo  was  exploded 
upon  a  falling  tide.  The  shock  was  not  greater  than  in 
previous  experiments,  and  the  amount  of  water  thrown  up 
not  unusual.  So  far  as  sensation  was  concerned,  the 
effect  was  tame  and  disappointing,  for  the  simple  reason 
that  something  extraordinary  was  counted  upon.  The 
ship  was  thrown  slightly  to  starboard  by  the  energy  of 
the  explosion,  after  which  she  slowly  listed  to  port,  but 
not  much.  It  was  evident  that  her  bottom  had  been 
damaged,  and  that,  notwithstanding  the  application  of  a 
collision  mat,  water  was  finding  ingress — in  fact,  the  mat 
was  useless,  as  there  was  no  rush  of  water  to  force  it  into 
the  rents.  As  an  observation  of  the  water-line  showed 
that  the  ship,  after  heeling  over  to  a  definite  angle,  re- 
mained stable,  it  was  supposed  that  she  had  touched  bot- 
tom and  that  she  would  inevitably  have  sunk  had  she 
been  moored  in  deep  water,  but  subsequent  investigation 
proved  that  she  was  still  afloat  and  could  have  been 
brought  into  harbor,  had  such  been  required.  The  bilge 
I  keel  had  been  shaken  off  and  broken  to  the  extent  of  20 
feet,  while  the  plating  below  was  very  much  indented. 
Above  the  bilge  keel  three  or  four  strakes  of  the  skin 
plating,  extending  up  to  the  armor  belt,  had  also  been 
forced  inward  where  they  crossed  the  longitudinal  frames. 
They  had  parted  in  the  middle  to  the  length  of  S  feet,  while 
'  some  of  the  butts  had  been  opened,  so  that  gashes,  two 
j  and  three  inches  wide,  appeared  at  the  junction.  There 
t  were  also  a  few  holes  observable  in  various  parts.  In- 
ternally the  skylights  had  been  smashed,  and  the  contents 
j  of  the  bunkers  scattered  in  all  directions.  The  exact 
!  amount  of  the  damage  done  inside  will  only  be  accurately 
known  after  the  ship  has  been  docked.  But  what  is  of 
greatest  importance  is  the  fact  that  the  water-tight  bulk- 
heads remained  intact,  and,  by  confining  the  water  to  one 
I  compartment,  sufficed  to  keep  the  Resistance  afloat  and 
capable  of  fighting  her  guns.  Indeed,  there  is  no  resisting 
the  impression  from  theseexperiments  that  the  value  of  the 
Whitehead  has  been  greatly  exaggerated.  The  torpedo  can- 
not get  through  the  steel  protective  nets,  and  when  it  dashes 
itself  against  them  and  explodes,  the  consequence  is  «//, 
at  a  distance  of  25  feet.  It  also  remains  to  be  mentioned 
j  that  the  test  to-day  was  scarcely  a  practical  one,  as  the 
!  fixity  of  the  missile  against  the  side  of  the  ship  did  not 
\  allovif  for  its  rebound  before  bursting.  The  comparative 
eflfect  of  the  rebound  of  a  Whitehead  striking  at  a  great 
speed  ought  to  be  determined,  and  also  the  consequence 
of  the  burst  upon  the  boilers  and  steam  pipes  of  the  Re- 
sistance under  a  working  pressure  of  steam. 

Commenting  on  the  above  the  Times  says,  editorially  : 
A  very  important  experiment  in  the  modern  art  of  naval 
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warfare  was  carried  out  yesterday  in  Portsmouth  Harbor, 
by  the  explosion  of  a  Whitehead  torpedo  in  actual  con- 
tact with  the  bottom  of  a  ship  of  war.  A  full  account  of 
the  proceedings  will  be  found  in  another  column.  The  j 
ship  submitted  to  the  experiment  was  the  Resistance,  an 
obsolete  ironclad,  which  has  already  been  made  the  sub- 
ject of  a  series  of  experiments,  both  with  artillery  and  j 
submarine  explosives.  The  interior  of  the  vessel  had 
been  prepared  so  as  to  represent  the  modern  arrange- 
ments of  coal  defense,  for  the  protection  against  sub-  j 
marine  attack  of  those  portions  of  a  vessel's  hull  which  1 
are  not  covered  by  a  defensi"e  armor,  h  \b-\nz\\  While- 
head  torpedo,  charged  with  '^j  pounds  of  gun-cotton,  was 
lashed  to  a  boom  and  placed  longitudinally  in  contact 
with  the  ship's  side,  immediately  above  the  bilge  keel, 
about  S  feet  below  the  surface  of  the  water.  In  this  position 
the  torpedo  was  exploded,  and,  as  compared  with  the  an- 
ticipations formed  of  its  destructive  effects,  the  result  was 
singularly  disappointing.  A  considerable  portion  of  the 
external  plating  of  the  ship  was  forced  inward  and  dis- 
placed, leaving  gaps  and  gashes  through  which  the  water 
could  pass.  Internally,  the  skylights  were  smashed,  and 
the  contents  of  the  bunkers  containing  the  coal  defense 
were  scattered  in  all  directions.  But  the  ship  was  not 
sunk,  as  had  been  expected,  and  the  water-tight  bulk- 
heads remained  intact,  so  that  if  she  had  been  in  action, 
she  could  have  kept  afloat  and  continued  to  fire  her  guns, 
and  could  have  been  brought  into  harbor  for  repairs. 
Every  advantage  was  given  to  the  torpedo.  The  vessel 
■was  stationary,  and  the  torpedo  was  leisurely  attached  in 
a  position  adapted  to  give  it  the  maximum  of  destructive 
power.  In  actual  warfare,  the  torpedo  would  have  to 
strike  th.e  vessel  with  its  point,  and  a  certain  amount  of 
rebound  would  take  place  before  the  explosion  could 
occur.  It  should,  however,  be  noticed  that,  as  our  Ports- 
mouth correspondent  further  points  out,  we  can  draw  no 
inference  either  from  the  experiment  of  yesterday,  or 
from  those  which  preceded  it,  concerning  the  possible 
effects  of  a  torpedo  explosion  on  the  boilers  and  steam- 
pipes  of  a  vessel  actually  under  steam  at  the  moment  of 
attack. 

Yesterday's  experiment  is  of  great  importance,  if  only 
as  being  the  first  instance  in  which  a  real  Whitehead 
torpedo  has  been  exploded  in  actual  contact  with  a  real 
ship  of  war.  It  is  not,  of  course,  entirely  conclusive,  for 
the  reasons  we  have  briefly  given  above  ;  but,  taken  in 
connection  with  the  experiments  previously  made  on  the 
Resistance,  it  furnishes  a  rough  measure  of  the  offensive 
capacities  of  the  torpedo.  Those  capacities  are  evidently 
not  so  great  as  has  often  been  supposed.  Admiral  Mayne 
Stated  lately,  in  the  House  of  Commons,  that  his  recent 
experience  with  the  Channel  Fleet  had  led  him  to  think 
that  the  value  of  torpedoes  against  ships  of  war  had  been 
very  greatly  exaggerated.  The  late  Hobart  Pasha  drew 
a  similar  inference  from  his  actual  experience  in  the 
Russo-Turkish  war.  The  only  practical  result  of  the  use 
of  torpedoes  in  that  war,  was  to  furnish  the  Turkish  gov- 
ernment gratuitously  with  a  secret  which  many  other 
governments  had  purchased  at  a  great  price.  A  torpedo 
launched  by  a  Russian  vessel  against  the  Turkish  fleet  at 
Batoum,  was  diverted  by  a  stockade  erected  by  Hobart 
Pasha  for  the  purpose,  and  went  harmlessly  ashore.  The 
Turkish  authorities  thus  came  into  possession  of  the 
secret  of  its  mechanism,  and  were  enabled  to  make  their 
own  terms  with  the  manufacturer.  The  opinion  of  Ad- 
miral  Mayne  and  the  conclusions  of  Hobart  Pasha  have 


now  been  corroborated  by  the  experiments  atPortsmouth. 
The  problem  of  torpedo  attack  and  defense  divides  itself 
into  two  main  branches,  according  as  the  vessel  attacked 
is  stationary  or  in  motion.  A  vessel  at  anchor  anticipa- 
ting attack  is  now  protected  by  steel  wire  netting  of  a 
peculiar  make  specially  adapted  for  the  purpose.  This 
netting  is  suspended  from  booms  rigged  out  from  the 
ship's  side  so  as  to  form  a  sort  of  crinoline,  completely 
enveloping  the  ship  from  the  level  of  the  water-line  to  a 
depth  corresponding  to  the  submersion  of  the  vessel.  It 
is  very  important  to  determine  the  minimum  distance 
from  the  ship's  side  at  which  the  torpedo  netting  will 
afford  secure  protection  against  torpedo  attack,  because 
the  weight,  and  still  more,  the  leverage  of  the  booms,  and 
by  consequence,  the  difficulty  of  fixing  them  and  main- 
taining them  in  position,  increase  with  every  increase  of 
their  length.  To  this  object,  the  first  series  of  experi- 
ments conducted  with  the  Resistance  was  directed.  Ih 
the  first  instance,  the  nets  were  boomed  out  to  a  distance 
of  30  feet,  and  the  Whitehead  torpedo  was  fired  against 
them.  The  ship  was  entirely  uninjured  by  this  attack. 
The  nearest  boom  was  unshipped  from  its  support,  but 
all  the  others  remained  intact.  The  meshes  in  the  imme- 
diate neighborhood  of  the  actual  explosion  were  carried 
away,  but  the  area  of  positive  destruction  was  so  exceed- 
ingly limited  that  a  second  discharge  would  have  proved 
just  as  harmless  as  the  first,  unless  it  happened  to  pass 
through  the  rent  in  the  defenses  inflicted  by  the  first. 
Subsequent  explosions  were  effected  at  distances  of  25 
feet,  of  20  feet  and  of  1 5  feet.  At  25  feet,  no  serious  dam- 
age was  done.  At  20  feet,  on  one  occasion,  the  ship  was 
found  to  be  leaking  in  consequence  of  the  fracture  of  one 
of  the  valves;  and  similar  effects,  though  considerably 
more  serious  in  character,  were  produced  by  the  explosion 
at  15  feet.  Finally,  a  torpedo  was  launched  against  net- 
ting suspended  at  a  distance  of  25  feet  from  the  ship.  I« 
this  case  the  vessel  itself,  though  severely  shaken  at  the 
moment  of  explosion,  was  not  materially  nor  permanently 
injured,  though  the  rear  boom  in  the  wake  of  the  point 
aimed  at  was  blown  away  from  its  hook, — a  result  which 
was  held  to  demonstrate  the  weakness  of  the  existing 
hinge  arrangement.  The  net  result  of  this  series  of  ex- 
periments seems  to  be  that  a  stationary  ship  can  be  effect- 
ively protected  against  torpedo  attack  by  wire  netting 
properly  secured  at  the  extremities  of  booms  of  a  viaxi- 
mum  length  of  25  feet.  For  practical  purposes,  it  may 
possibly  be  found  safe  to  reduce  the  length  of  the  booms 
somewhat  further,  the  line  of  complete  security  evidently 
lying  somewhere  between  15  feet  and  25  feet,  and  some- 
what nearer  to  the  superior  than  to  the  inferior  limit. 

For  a  vessel  in  motion,  on  the  other  hand,  protectiom 
by  means  of  wire  netting  seems  to  be  impracticable. 
Even  if  it  could  be  permanently  kept  in  position,  the  net- 
ting would  seriously  reduce  the  speed  of  the  ship  and 
impair  its  handiness  in  manoeuvering.  Accordingly,  it 
has  hitherto  been  supposed  that  a  ship  in  motion  would 
have  to  trust  very  much  to  chance  for  security  against 
torpedo  attack,  to  the  difficulty  of  taking  accurate  aim 
with  the  torpedo  against  a  moving  object— a  difficulty 
,  practically  illustrated  by  the  failure  of  the  Shah  to  hit 
the  Huascar  with  her  torpedoes— and  to  the  element  of 
I  uncertainty  which,  in  spite  of  all  attempts  to  correct  it, 
1  still  attaches  to  the  path  of  a  torpedo  through  the  water. 
But  it  has  been  very  generally  assumed  that  if  a  torpedo 
could,  at  any  time,  manage  to  hit  a  moving  ship  fairly 
and  squarely,  and  to  explode  under  these  circumstances, 
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the  ship  would  inevitably  be  sent  to  the  bottom.  If  it 
does  nothing  else,  yesterday's  experiment  overthrows  this 
assumption.  A  torpedo  has  been  exploded  in  actual  con- 
tact with  the  unarmored  part  of  the  bottom  of  the  Resist- 
ance, and  though  the  vessel  was  seriously  injured  and 
her  plates  were  started,  bulged  and  rent,  she  remained 
afloat;  she  could  still  have  fired  her  guns,  and  was  suffic- 
iently seaworthy  to  have  made  her  way  to  an  adjacent 
harbor.  The  crucial  result  of  the  experiment  is,  that  the 
water-tight  bulkheads  remained  intact.  We  call  it  a  cru- 
cial result  because  naval  constructors  have  mainly  relied 
on  a  system  of  subdivision,  by  means  of  water-tight  bulk- 
heads, for  defense  against  torpedo  attack.  The  theory,  of 
course,  is,  that  so  long  as  the  bulkheads  remain  intact, 
without  rent  or  leak,  the  water  may  be  freely  admitted 
into  one  compartment — or  even  more,  up  to  a  certain  def- 
inite limit — without  causing  the  sWp  to  sink.  Now,  this 
is,  so  far,  mainly  a  matter  of  calculation.  A  naval  con- 
structor knows,  or  ought  to  know,  how  many  of  the  water- 
tight compartments  can  be  filled  with  water  without  dan- 
ger to  the  ship;  but,  in  default  of  actual  experiment,  he 
cannot  determine  with  certainty  the  capacity  of  the  bulk- 
heads to  resist  the  effects  of  concussion.  If  the  torpedo 
makes  a  rent  in  the  outer  skin  of  the  ship,  the  water,  of 
course,  enters  into  the  compartment  laid  open  by  the  ex- 
plosion ;  but,  so  long  as  the  bulkheads  remain  intact,  that 
is  a  contingency  already  provided  for.  Of  course  the 
damage  is  serious,  but  ships  cannot  expect  to  escape  un- 
scathed when  they  go  into  action.  On  the  other  hand,  it 
is  not  fatal ;  it  is  a  damage  that  can  be  repaired,  and.  in 
the  meanwhile,  it  does  not  paralyze  the  fighting  power  of 
the  ship,  nor  expose  her  to  inevitable  capture  or  destruc- 
tion. At  a  single  stroke,  therefore,  the  torpedo  has  lost 
half  its  terrors.  It  is  no  longer  the  unseen  and  insidious 
enemy  which  can  send  a  ship  to  the  bottom  whenever  it  can 
strike  the  blow.  It  is  formidable,  but  not  irresistible.  Its 
moral  terrors  will  quickly  evaporate  as  soon  as  its  olTen- 
sive  powers  are  shown  to  be  no  more  certainly  fatal  than 
those  of  other  modern  weapons  of  warfare.  At  a  distance 
of  25  feet  its  attacks  against  a  stationary  vessel  can  be 
completely  neutralized.  Its  explosion  in  actual  contact 
with  the  ship  leaves  her  floating  and  seaworthy,  with  her 
offensive  powers  not  materially  impaired.  If  these  con- 
clusions, which  are  provisional  and  tentative  as  yet,  are 
corroborated  and  established  by  further  experiments,  a 
very  material  change  will  be  effected  in  the  theory  and 
practice  of  naval  warfare. 


Accidents  on  British  Railroads. 

Summary  of  Accidents  and  Casualties  which  have  been  re- 
ported to  the  Board  of  Trade  as  having  occurred  upon 
the  Railways  in  the  United  Kingdom  during  the  Six 
Months  ending  joth  Ju?ie,  1S86. 

I.     .OCCIDENTS   TO   TRAINS,    ROLLING-.STOCK,    PERMANENT 
WAY,   &C. 

Accidents  to  trains,  rolling-stock,  permanent  way,  &c. 
caused  the  death  of  1 1  persons,  and  injury  to  364,  viz.: 


Passengers 8  324  5  175 

Servants  of  companies,.        3  40  4  25 

Total .1  364  9  200 

During  the  six  months  there  were  reported  24  collisions 
between  passenger  trains  or  parts  of  passenger  trains,  by 


which  I  passenger  was  killed,  and  191  passengers  and  15 
servants  were  injured;  19  collisions  between  passenger 
trains  and  goods  or  mineral  trains,  &c.,  by  which  i  servant 
was  killed,  and  36  passengers  and  8  servants  were  injured  ; 
7  collisions  between  goods  trains  or  parts  of  goods  trains, 
by  which  2  servants  were  killed,  and  12  were  injured  ;  30 
cases  of  passenger  trains  or  parts  of  passenger  trains 
leaving  the  rails,  by  which  6  passengers  were  killed,  and 
40  passengers  and  4  servants  were  injured  ;  2  cases  of 
trains  traveling  in  the  wrong  direction  through  points,  by 
which  I  servant  was  injured  ;  7  cases  of  trains  running 
into  stations  or  sidings  at  too  high  a  speed,  by  which  34 
passengers  were  injured  ;  158  failures  of  axles,  by  which 
2  passengers  were  injured  ;  and  2  failures  of  couplings,  by 
which  I  passenger  was  killed  and  21  were  injured. 

The  following  cases  were  also  reported,  but  they  in- 
volved no  personal  injury :  I  case  of  a  train  coming  in 
contact  with  a  projection  from  a  wagon ;  i  case  in  which 
part  of  a  goods  train  left  the  rails  ;  54  cases  of  trains  run- 
ning over  cattle*  or  other  obstructions  on  the  line;  19 
cases  of  trains  running  through  gates  at  level  crossings; 
2  failures  of  engine  machinery  ;  411  failures  of  tires  ;  1 23 
broken  rails  ;  14  floodings  of  the  permanent  way ;  12  slips 
in  cuttings  or  embankments  ;  4  fires  in  trains  ;  3  fires  at 
stations  or  involving  injury  to  bridges  or  viaducts;  and 
I  other  accident. 

Of  the  41 1  tires  which  failed,  9  were  engine  tires,  1  was 
a  tender  tire,  11  were  carriage  tires,  7  were  van  tires,  and 
383  were  wagon  tires ;  of  the  wagons,  288  belonged  to 
owners  other  than  the  railway  companies;  349  tires  were 
made  of  iron,  60  of  steel,  and  in  2  cases  the  material  was 
not  stated  ;  12  of  the  tires  were  fastened  to  their  wheels 
by  Gibson's  patent  method,  and  12  by  Mansell's,  none  of 
which  left  their  wheels  when  they  failed  ;  3  by  Seattle's 
patent  method,  one  of  which  left  its  wheel  when  it  failed  ; 
3S1  by  bolts  or  rivets,  4  of  which  left  their  wheels  when 
they  failed  ;  and  3  by  other  methods,  one  of  which  left  its 
wheel  when  it  failed  ;  28  tires  broke  at  rivet-holes,  6  at 
the  weld,  64  in  the  solid,  and  313  split  longitudinally,  or 
bulged. 

Of  the  158  axles  which  failed,  95  were  engine  axles,  viz., 
84  crank  or  driving,  and  11  leading  or  trailing;  11  were 
tender  axles,  i  was  a  carriage  axle,  46  were  wagon  axles, 
and  5  were  salt-van  axles.  21  wagons,  including  the  salt- 
vans,  belonged  to  owners  other  than  the  railway  com- 
panies. Of  the  84  crank  or  driving  axles,  59  were  made 
of  iron  and  25  of  steel.  The  average  mileage  of  56  crank 
or  driving  axles  made  of  iron  was  229,882  miles,  and  of  25 
crank  or  driving  axles,  made  of  steel,  219,198  miles. 

Of  the  123  rails  which  broke,  59  were  double-headed, 
63  were  single-headed,  and  i  was  of  the  bridge  pattern  ; 
of  the  double-headed  rails,  38  had  been  turned;  21  rails 
were  made  of  iron,  and  102  of  steel. 

II.  ACCIDENTS  TO  PASSENGERS  FROM  CAUSES  OTHER 
THAN  ACCIDENTS  TO  TRAINS,  ROLLING-STOCK,  PER- 
MANENT WAY,  &C.,  INCLUDING  ACCIDENTS  FROM 
THEIR  OWN  WANT  OF  CAUTION  OR  MISCONDUCT  ; 
ACCIDENTS  TO  PERSONS  PASSING  OVER  LEVEL- 
CROSSINGS;   TRESPASSERS;   AND   OTHERS. 

Of  the  239  persons  killed  and  404  injured  in  this  divi- 
sion, 43  of  the  killed  and  303  of  the  injured  were  passen- 
gers. Of  the  latter,  9  were  killed  and  19  injured  by  fall- 
ing between  carriages  and  platforms,  viz.,  7  killed  and  10 

•  During  the  six  months  8  horses,  i  pony,  23  beasts  and  cows,  45  sheep, 
and  4  donkeys  were  run  over  and  killed. 
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injured  when  getting  into,  and  2  killed  and  9  injured 
when  alighting  from  trains;  3  were  killed  and  210  were 
injured  by  falling  on  to  platforms,  ballast,  &c..  viz.,  31 
injured  when  getting  into,  and  3  killed  and  179  injured 
when  alighting  from  trains;  14  were  killed  and  10  in- 
jured whilst  passing  over  the  line  at  stations ;  27  were 
injured  by  the  closing  of  carriage  doors  ;  5  were  killed  and 
6  injured  by  falling  out  of  carriages  during  the  traveling 
of  trains;  and  12  were  killed  and  31  injured  from  other 
causes.  39  persons  were  killed  and  17  injured  whilst 
passing  over  railways  at  level-crossings,  viz.,  23  killed  and 
14  injured  at  public  level-crossings,  9  killed  and  2  injured 
at  occupation  crossings,  and  7  killed  and  i  injured  at  foot- 
crossings.  97  persons  were  killed  and  42  injured  when 
trespassing  on  the  railways ;  37  persons  committed 
suicide  on  railways ;  and  of  other  persons  not  specific- 
ally classed,  but  mostly  private  people  having  business 
on  the  companies'  premises,  23  were  killed  and  42 
injured. 

HI.  ACCIDENTS  TO  SERVANTS  IN  THE  EMPLOY  OF 
RAILWAY  COMPANIES  OR  CONTRACTORS,  CAUSED 
BY  THE  TRAVELING  OF  TRAINS  OR  THE  MOVE- 
MENT OF  VEHICLES  USED  EXCLUSIVELY  UPON  RAIL- 
WAYS. 

During  the  si.x  months  there  were  199  servants  of  com- 
panies or  contractors  reported  as  having  been  killed  and 
918  injured,  in  addition  to  those  included  in  Division  I. 
Of  these  15  were  killed  and  152  injured  whilst  coupling 
or  uncoupling  vehicles:  2  were  killed  and  12  injured  by 
coming  in  contact,  whilst  riding  on  vehicles  during 
shunting,  with  other  vehicles,  &c.,  standing  on  adjacent 
lines;  12  were  injured  whilst  passing  over  or  standing 
upon  buffers  during  shunting;  9  were  killed  and  80  in- 
jured in  getting  on  or  ofT,  or  by  falling  off  engines, 
wagons,  &c.,  during  shunting  ;  4  were  killed  and  72  in- 
jured whilst  breaking,  spragging,  or  chocking  wheels  ;  3 
were  killed  and  16  injured  whilst  attending  to  ground 
points,  marshaling  trains,  &c.;  3  were  killed  and  83  in- 
jured whilst  moving  vehicles  by  capstans,  turntables^ 
props,  &c.,  during  shunting,  and  22  were  killed  and  152 
injured  by  various  other  accidents  during  shunting  oper- 
ations ;  5  were  killed  and  21  injured  by  falling  oflf  engines, 
&c.,  during  the  traveling  of  trains  ;  4  were  killed  and  9 
injured  by  coming  in  contact  with  over-bridges  or  erec- 
tions on  the  sides  of  the  line  during  the  traveling  of 
trains;  11  were  killed  and  61  injured  whilst  getting  on  or 
off  engines,  vans,  &c.,  during  the  traveling  of  trains  ;  i 
was  killed  and  52  were  injured  whilst  attending  to,  or  by 
the  failure  of  machinery,  &c.,  of  engines  in  steam  ;  42 
were  killed  and  53  injured  whilst  working  on  the  perma- 
nent way,  sidings,  &c.;  2  were  killed  and  i  was  injured 
whilst  attending  to  level-crossing  gates;  34  were  killed 
and  45  injured  whilst  walking,  crossing  or  standing  on 
the  line  on  duty  ;  8  were  killed  and  20  injured  by  being 
caught  between  vehicles  ;  6  were  killed  and  1 1  injured  by 
falling  or  being  caught  between  trains  and  platforms, 
walls,  &c.;  27  were  killed  and  9  injured  whilst  walking, 
&c.,  on  the  line  on  the  way  home  or  to  work ;  and  i 
was  killed  and  57  were  injured  from  various  other 
causes. 

Altogether,  the  number  of  persons  killed  and  injured 
on  railways  in  the  United  Kingdom  in  the  course  of  pub- 
lic traffic,  during  the  six  months  ending  30th  of  June, 
1886,  as  reported  to  the  Board  of  Trade,  was  as  fol- 
lows : 


Passengers : 

From  accidents  to  trains,  roll! 
stock,  permanent  way,  &c  . 

By  accidents  from  other  caus 
Servants    of   companies   or   c 


Trespassers  (including  suicides).    134 
Other   persons   not   coming   in 
above  classification 21 


January,  1887. 


Killed.      Injured.      Killed.      Injured. 


A'o/i-.—ln  addition  to  the  above,  the  railway  companies 
have  reported  to  the  Board  of  Trade,  in  pursuance  of  the 
6th  Section  of  the  Regulation  of  Railways  Act,  1871,  the 
following  accidents  which  occurred  upon  their  premises, 
but  in  which  the  movement  of  vehicles  used  exclusively 
upon  railways  was  not  concerned,  namely:  55  passengers 
injured  whilst  ascending  or  descending  steps  at  stations  ; 
18  injured  by  being  struck  by  barrows,  falling  over  pack- 
ages, &c.,  on  station  platforms  ;  12  injured  by  falling  off 
platforms ;  and  19  injured  from  other  causes.  Of  servants 
of  companies  or  contractors,  3  killed  and  464  injured 
whilst  loading,  unloading,  or  sheeting  wagons  ;  141  in- 
jured whilst  moving  or  carrying  goods  in  warehouses,  &c.; 
2  killed  and  79  injured  whilst  working  at  cranes  or  cap- 
stans ;  I  killed  and  77  injured  by  the  falling  of  wagon- 
doors,  lamps,  bales  of  goods,  &c.;  156  injured  by  falling 
oflf,  or  when  getting  on  or  off,  stationary  engines  or 
vehicles  ;  7  killed  and  85  injured  by  falling  off  platforms, 
ladders,  scaffolds,  &c.;  109  injured  by  stumbling  whilst 
walking  on  the  line  or  platforms  ;  114  injured  whilst  at- 
tending to  stationary  engines  in  sheds;  23  injured  by 
being  trampled  on  or  kicked  by  horses  ;  2  killed  and  262 
injured  whilst  working  on  the  line  or  in  sidings;  and  97 
injured  from  various  other  causes.  Of  other  persons, 
most  of  whom  were  transacting  business  on  the  com- 
panies' premises,  4  were  killed,  and  62  injured — making 
a  total  in  this  class  of  accidents  of  19  persons  killed  and 
1,773  injured. 

Thus,  the  totalnumber  of  personal  accidents  reported 
to  the  Board  of  Trade  by  the  several  railway  companies 
during  the  six  months  amounts  to  468  persons  killed  and 
3,459  injured. 


On   the    Remarkable   Effects   of  Addi 
Matter  to  Mortars. 


BY   SAMUEL  CROMPTON. 


(From  J/ii-  liiiffinetr.) 

A  letter  from  Mr.  Thomson  Hankey  "On  a  New  Use  of 
Sugar"— r/wt-y,  October  13— has  given  rise  to  wide  dis- 
cussion and  inquiry.  At  a  time  when  the  price  of  sugar 
is  so  low,  and,  as  I  shall  show,  when  the  use  of  a  very 
small  quantity  of  it,  or  of  treacle,  adds  largely  to  the 
strength  of  mortar,  and  makes  Portland  cement  itself  set 
with  great  rapidity,  it  seems  to  me  that  I  may  do  a  ser- 
vice to  engineers  by  laying  before  them  the  scientific 
grounds  on  which  I  was  led  to  experiment  on  the  sub- 
ject, and  the  remarkable  results  which  have  been  ob- 
tained. 

The  practical  importance  of  this  addition  of  saccharine 
matter  to  mortar  I  will  state  briefly,  to  begin  with,  and 
will  give  a  few  illustrations  : 
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I  mixed  in  a  small  jar  some  Portland  cement  and  brown 
sugar,  adding  water,  and  stirring.  I  took  out  a  little  of 
the  cement  for  an  e.\perimcnt,  and  when  1  tried  an  hour 
after  to  take  out  more,  I  found  that  the  remainder  had 
already  set. 

My  neighbor,  Mr.  Rowland,  weighed  carefully  Port- 
land cement  and  sand  into  four  small  jars.  To  two  he 
added  different  sugars,  to  the  third  treacle,  but  to  the 
fourth  no  saccharine  matter.  On  the  following  day  the 
cement  had  set — we  do  not  know  how  much  earlier,  for 
it  was  not  examined— in  all  the  jars  with  saccharine  mat- 
ter. Mr.  Holden,  Jr.,  the  foreman  of  a  builder,  examined 
all  of  them  on  the  Monday  following  the  Friday  on  which 
they  had  been  mixed.  On  pressing  the  cement  to  which  the 
treacle  had  been  added,  he  said  :  "I  might  press  the 
bottom  of  the  jar  out  before  I  can  make  impression  on 
this."  He  then  put  his  finger  into  the  jar  in  which  there 
was  no  saccharine  matter,  and  stirred  up  the  cement 
which  had  not  set  at  all,  and  which  did  not  set  till  a  day 
or  two  after.  It  may  be  objected  that  it  might  not  be 
an  advantage  that  it  should  set  so  quickly.  This  objec- 
tion will  be  answered  by-and-by  as  I  proceed,  by  shov/- 
ing  that  it  is  highly  probable  that  the  strength  of  Port- 
land cement  will  be  greatly  increased  by  this  addition  of 
saccharine  matter. 

Mr,  Thomson  Hankey  had  experiments  made,  first  by 
his  own  brickmaker  and  secondly  by  a  housebuilder. 
Both  reported  that  the  addition  of  sugar  made  a  common 
lime  equal  to  Portland  cement, 

The  bearing  of  these  facts  will  be  plain  to  every  en- 
gineer, but  I  cannot  forbear  mentioning  here  a  startling 
incident.  The  Ecclesiastical  Commissioners  built  for 
the  late  Bishop  Fraser,  of  Manchester,  on  his  coming 
into  the  diocese,  a  lodge  like  that  at  Lambeth,  with  a 
lofty  archway  set  in  Portland  cement.  A  clerk  of  the 
works  appointed  by  the  architect  of  the  commissioners 
superintended  it.  After  a  due  time  the  scaffolding  was 
removed.  One  day— perhaps  that  day— the  bishop 
walked  through  and  had  just  got  beyond  danger,  when 
the  whole  of  the  archway  fell.  If  he  had  been  under  it 
he  would  have  been  killed,  and  his  grand  career  as  a 
bishop  would  have  been  cut  short  at  the  outset.  Your 
readers,  as  I  proceed  with  my  statement,  will  judge  for 
themselves  whether  the  addition  of  a  few  shillings-worth 
of  treacle  would  not  have  made  all  secure,  and  have  saved 
the  expense  of  doing  this  work  over  again. 

I  have  to  explain  how  it  is  that  sugar,  or  rather  sac- 
charine matter  of  any  kind,  produces  this  remarkable 
effect  on  lime.  Here  I  ought  to  mention  that  I  am  a 
retired  physician,  and  that  the  idea  of  putting  the  matter 
to  the  proof  arose  in  the  following  manner  :  In  medi- 
cine we  have  two  kinds  of  lime  water,  one  the  common 
lime  water  that  can  be  got  by  mixing  lime  and  water.  It 
is  to  be  particularly  noted  that,  add  as  much  lime  as  you 
like,  it  is  impossible  to  get  water  to  dissolve  more  than 
half  a  grain  of  lime  in  one  ounce,  or  about  two  small 
tablespoonfuls  of  water.  But  by  adding  two  parts  of 
white  sugar  to  one  part  of  lime,  we  obtain  a  solution  con- 
taining about  i4j-'2  times  more  lime  in  the  same  quantity 
of  water.  Here  it  is  to  be  observed — and  it  is  a  most 
important  point — that  there  are  hot  limes,  such  as  Bux- 
ton lime,  which,  if  the  sugar  be  incautiously  mixed  with 
them,  will  burn  the  sugar,  make  it  a  deep  brown  color, 
and  convert  it  into  other  chemical  forms,  and  possibly, 
and  I  think  probably,  will  destroy  its  value  in  mortar. 
The  way  to  use  sugar  with  such   limes  is  to  dissolve  it 


first  in  the  water.  I  dwell  particularly  upon  this  because 
a  gentleman  referred  to  meby  Mr.  Thomson  Hankey,  in 
writing  to  thank  me  for  the  information  I  had  given  him, 
casually  observed  that  his  cement  had  turned  nearly 
black  by  theadditioftof  the  sugar.  Probably  many  other 
experimenters  with  sugar  and  hot  limes  have  had  the 
same  result,  and  are  in  the  belief  that  all  is  right.  Our 
strong  medical  saccharated  lime  water  looks  like  water. 
Ten  Or  fifteen  years  ago  I  had  been  experimenting  with 
lime  and  sugar,  but  not  in  reference  to  mortar,  and  I  spoke 
about  that  time  to  my  friend,  the  late  E.  W.  Binney,  F.  R. 
S.,  about  this  property  of  sugar.  He  said  that  it  was  very 
curious,  and  that  it  was  new  to  him  ;  and  he  told  me  this 
anecdote,  that  in  his  grandfather's  time  an  Italian  archi- 
tect came  down  to  Worksop  to  erect  a  building  for  a 
nobleman,  and  insisted  on  being  supplied  with  malt  to 
make  his  mortar  with.  The  malt  was  supplied  and  used. 
Many  years  afterwards  this  building  had  to  betaken  down  ; 
but,  said  Binney,  "they  could  not  pull  it  down,  do  what 
they  would,  and  they  had  to  use  gunpowder."  I  said  it 
would  be  the  saccharine  matter  in  the  malt  that  pro- 
duced this  result.     He  agreed  with  me. 

A  few  months  ago  I  was  at  Peterborough,  and  went  to 
see  the  progress  of  the  restoration  of  the  cathedral,  where 
I  made  the  acquaintance  of  Mr.  Irvine,  Mr.  Pearson's 
clerk  of  the  works.  Mr.  Irvine  was  for  more  than  a  quar- 
ter of  a  century  with  Sir  Gilbert  Scott,  and  possesses  a 
greater  knowledge  of  architecture,  and  antiquity  bearing 
on  English  architecture,  than  any  one  I  ever  met  with. 
One  day  I  said  to  him  that  I  had  been  to  Fotheringay.  He 
replied  that  he  had  seen  every  other  church  than  that  in 
the  neighborhood  of  Peterborough.  I  asked  him  to  go 
with  me  on  his  Saturday's  half-holiday,  as  my  visit  to 
the  church  had  been  a  hurried  one,  and  I  wished  to  make 
some  further  inquiries.  Besides,  I  was  glad  to  have  the 
companionship  of  one  who  was  so  thorough  a  master  of 
the  subject.  The  chancel  of  this  fine  church,  built  be- 
fore the  nave,  and  so  late  as  1410,  has  entirely  perished  ; 
and  it  had  been  so  badly  built  that  even  in  the  time  of 
Queen  Elizabeth  it  had  fallen  in  and  was  then  in  ruins. 
The  chancel  and  tower  exist,  but  the  tower  is  unsafe,  and 
if  the  church  be  not  soon  restored  this  grand  historical 
monument  may  suffer  or  be  destroyed.  As  Mr.  Irvine 
and  I  walked  to  the  railway  station,  I  asked  him  whether 
he  was  aware  of  the  chemical  fact  that  the  addition  of 
sugar  to  water  makes  it  take  up  about  sixteen  times  more 
lime  than  water  by  itself  does — I  might  have  said  a  little 
more  than  fourteen  times.  He  replied  that  he  did  not 
know  this  fact,  and  that  he  had  never  heard  of  it,  and  that 
he  did  not  believe  that  it  had  been  so  used  in  mortars.  I 
I  then  told  him  what  Mr.  Binney  had  told  me  regarding 
the  building  erected  by  the  Italian  architect  near  Work- 
sop. He  said  that  he  had  been  clerk  of  the  works  in  the 
restoration  of  several  cathedrals,  in  the  books  of  which  he 
had  met  with  old  entries  of  payments  "  For  beer  for  the 
masons,"  and  that  he  had  found  one  entry  where  it  was 
j  written,  •'  For  beer  to  mix  with  the  mortar."  I  said  that 
I  that  would  be  for  the  saccharine  matter  in  it  ;  and  I  added 
that  a  few  years  ago  I  had  seen  in  a  newspaper  that  the 
vintage  in  Spain  had  been  so  abundant  that  the  people 
1  had  not  casks  enough,  and  were  using  the  wine  to  mix 
j  with  their  mortar.  It  flashed  across  my  mind  that  this 
traditional  use  of  saccharine  matter  was  probably  the  ex- 
planation of  the  exceptional  hardness  of  the  old  Roman 
mortar,  and  had  been  handed  down  from  generation  to 
generation,  and  had  at  length  been  forgotten,  in  England 
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at  any  rate.  A  few  days  afterwards  I  was  pondering  as  I 
walked  along  the  street  in  Peterborough  on  this  matter, 
when  suddenly  I  said  to  myself,  "Why  not  try  the  experi- 
ment ?"  I  went  into  agrocers  shop  and  bought  a  pound 
of  exceedingly  finely  powdered  loaf  sugar  and  some  bees- 
was — of  the  wax  1  will  speak  some  other  time.  I  took 
the  sugar  to  the  hut  in  the  cathedral  yard,  where  I  found 
the  foreman  of  the  contractor  and  Mr.  Irvine.  Laughing, 
I  said.  •■  [  have  come  to  teach  you  to  suck  eggs."  After 
explaining  to  the  intelligent  foreman  my  views,  he  and 
Mr.  lr\-ine  kindly  agreed  to  try  the  experiment.  Some 
powdered  lias  lime  and  some  of  the  sugar  were  being 
mixed  together  in  an  iron  basin.  Water  was  added,  and 
Mr.  Ir\-ine  began  to  stir  them  with  a  trowel.  No  sooner 
had  he  done  so  than  he  exclaimed.  "  Look,  look  !  It  is 
beginning  to  set  already.  "  I  said,  "Is  not  that  usual?" 
He  replied,  "  No  :  something  verj-  uncommon."  The 
mortar  was  poured  out  on  the  end  of  a  beam,  where  it 
set.  Some  more  was  then  made,  much  thinner,  and  a 
little  sand  added  to  it.  With  this,  which  was  about  the 
consistency  of  cream,  two  large  fragments  of  the  broken 
stone  tracen,-  of  an  old  window  were  joined,  and  .so  were 
two  bricks,  two  pieces  of  glass,  and  two  slates.  It  would 
be  about  five  o'clock  in  the  evening.  As  I  was  going  to 
leave  Peterborough  about  noon  on  the  following  day,  I 
called  at  the  cathedral  about  ten  in  the  morning  to  see 
the  results.  Mr.  Ir\ine  said  it  was  too  early  to  judge. 
He  felt  at  the  stone  tracer}-  ver\^  tenderly.  Holding  the 
upper  fragment,  he  then  tilted  the  tracery  sideways,  and 
as  the  stones  held  together,  he  then  took  hold  of  the 
upper  fragment  with  both  hands  and  lifted  the  whole 
stone  without  the  lower  fragment  falling  off.  In  like 
manner,  in  lilting  both  bricks  the  lower  brick  did  not  fall 
off.  The  slate  and  the  glass  seemed  also  set.  So  that  the 
exj)eriments  seemed  to  confirm  remarkably  the  view  I  had 
formed,  on  theoretical  and  chemical  grounds  chiefly,  that 
saccharine  matter  added  to  mortar  would  be  of  great  value 
and  that  an  important  discovery  had  been  made.  I  wrote 
to  my  brother-in-law,  Mr.  Guildford  Molesworth,  engi- 
neer-in-chief to  the  state  railways  in  India,  and  author  of 
"  The  Engineer's  Pocket  Book,"  telling  him  what  we  had 
done.  From  him  I  received  a  letter  dated  Simla,  August 
aSih,  1S86,  giving  me  the  following  interesting  particu- 
lars :  "  With  regard  to  your  addition  of  s  Jgar  to  mortar, 
it  is  a  practice  that  has  been  in  use  in  the  Madras  presi- 
dency from  time  immemorial."  The  following  is  an  ex- 
tract from  the  Roorha  (.-)  "  Treatise  on  Civil  Engineer- 
ing." Vol.  I.,  page  150.  third  edition  :  "  It  is  common  in 
this  country-  to  mix  a  small  quantity  of  the  coarsest  sugar 
— 'goor,' or 'jaghery,' as  it  is  termed  in  India — with  the 
water  used  for  working  up  mortar.  Where  fat  limes 
alone  can  be  procured  their  bad  qualities  may  in  some 
degree  be  corrected  by  it,  as  its  influence  is  very  great  in 
the  first  solidification  of  mortar.  Captain  Smith  attri- 
butes the  fact  that  mortars  made  of  shell-lime  have 
stood  the  action  of  the  weather  for  centuries,  to  this  mix- 
ture of  jaghery  in  their  composition.  He  made  experi- 
ments on  bricks  joined  together  by  mortar  consisting  of 
1  part  of  common  shell  lime  to  i>2  of  sand.  One  pound 
of  jagher\-  was  mixed  with  each  gallon  of  water  with 
which  the  mortar  was  mixed.  The  bricks  were  left  for 
thirteen  hours,  and  after  that  time  the  average  breaking 
weight  of  the  joints  in  twenty  trials  was  612'  lbs.  per  square 
inch.  In  twenty-one  specimens  joined  with  the  same 
mortar,  but  without  jaghery,  the  breaking  weight  was 
4}4  lbs.  per  square  inch." 


Mr.  Molesworth  then  adds :  "  The  use  of  sugar  or 
jaghery  was  known  to  me  when  I  was  in  Ceylon  twenty 
years  ago.  The  masons  who  came  over  from  Madras 
used  to  make  most  beautiful  plaster  work,  almost  like 
enameled  tiles,  of  shell  lime  mixed  with  jaghery.  The 
surface  took  a  fine  polish,  and  was  as  hard  as  marble  ;  but 
it  required  a  good  deal  of  patient  manipulation,  well 
suited  to  the  national  character." 

This  intelligence  from  India  supplies  proof  of  the  most 
positive  kind  of  the  enormous  strengthening  power  of 
sugar  when  mixed  with  mortar.  It  may  be  argued  that 
some  of  our  limes  and  cements  are  of  themselves  good 
enough  without  it.  It  is  for  engineers  to  judge  whether 
they  might  not  be  made  much  better  by  it.  or  whether 
the  facts  I  have  brought  forward  do  not  show  plainly  that 
there  should  be  an  inquin,-  instituted  by  scientific  men  to 
investigate  the  actual  numerical  value  of  sugar,  and  the 
various  conditions  under  which  it  acts,  whether  for  bet- 
ter or  worse.  For  the  worse  it  cannot  act,  except  such  an 
insane  use  of  it  be  made  by  adding  too  much,  as  to  expect 
sugar  to  be  itself  mortar.  The  jagherj-  sugar  used  in  In- 
dia is  sold  in  the  London  market  at.  I  think,  less  than  a 
penny  a  lb.,  and  is  used  for  feeding  cattle.  Treacle  seems 
to  me  to  be  a  most  promising  form  of  saccharine  matter. 
I  would  shirk  beet-root  sugar.  There  is  a  rough  unre- 
fined treacle  which  is  verj-  cheap,  and  I  should  suppose 
would  be  excellent.  A  halfpenny-worth  of  treacle  and 
water  added  to  a  hod  of  mortar  would.  I  conjecture,  in- 
crease its  strength  by  one-third,  if  not  by  one-half.  But 
I  must  leave  the  matter  in  the  hands  of  scientific  engi- 
neers. I  think  it  is  very  probable  that  this  use  of  sugar 
with  lime  is  of  extreme  antiquity,  and  that  a  knowledge 
of  it  passed  from  India  to  Egypt  and  Rome  ;  and  that 
these  nations  used  malt  for  its  saccharine  matter  as  a  sub- 
stitute for  sugar.  I  have  shown  that  the  mediaeval  build- 
ers used  beer  in  building  our  cathedrals,  and  beer  is  still 
used  with  plaster-of-paris.  These  I  take  to  be  the  rem- 
nants of  ancient  tradition.  It  is  said  that  in  the  cold 
winter  when  Bess  of  Hardwicke  died,  her  masons  had  to 
"melt  the  beer  which  they  mixed  with  their  mortar." 
They  would  have  acted  more  wisely  if  they  had  used  in- 
fusion of  malt  only,  for  most  of  the  sugar  must  have  been 
converted  into  alcohol,  and  lost  for  the  purposes  of  mor- 
tar making.  Antiquarians  may  be  able,  from  old  docu- 
ments, to  throw  light  upon  this  subject ;  but  I  strongly 
suspect  that  the  old  Roman  mortar  had  saccharine  mat- 
ter added  to  it ;  and  I  am  of  opinion  that,  in  all  engi- 
neering works  requiring  great  strength,  it  would  be  wrong 
not  to  take  advantage  of  facts  confirmed  by  the  experi- 
ence of  ages. 

Cranley,  Surrey,  November  30th,  1SS6. 


The    Technical    Education    of    the    Shipwright    and 
Shipowner. 

At  the  present  time  this  subject  should  have  an  espec- 
ial interest  to  Americans,  from  the  fact  that  there  is  a 
general  public  opinion  that  we  ought  (speaking  in  a  Hi- 
bernian way)  to  make  an  effort  to  regain  some  of  the 
ground  which  we  have  lost  on  the  sea,  and  it  is  the  evi- 
dent purpose  of  the  people,  and  of  the  government,  to 
make  a  verj-  material  increase  in  the  navy  of  the  country. 
The  following  abstract,  taken  from  the  London  Times, 
of  a  lecture  by  Sir  E.  J.  Reed,  M.  P.,  will  be  read  with 
interest  and  perhaps  profit  by  people  to  whom  it  does  not 
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seem  to  occur  that  any  great  amount  of  special  training   ; 
is  needed  to  build  ships  or  to  create  a  navy. 

"Sir  E.J.  Reed  said  he  would  not  be  guilty  of  anye.xag- 
geration  in  saying  that   the  technical   education   of  the 
shipwright  and  the  value  of  technical  education  to  the 
shipowner  in  any  broad  sense  of  the  words  were  matters 
not  only  of  this   century  but   almost   of  this   generation. 
Nor  was  this  so  surprising  when  it  was   remembered  that 
whereas  the  material  of  which  ships  were  built,  the  man-    i 
ner  in  which  their  parts  were  combined,  and  the  means  by 
which  they  were  propelled  had  remained  unchanged  from    ' 
the  beginning  of  human  experience  down   to  almost  our 
own  day,  the  ship  had  recently  been  transformed  in  every 
one  of  these  important  particulars.     The  steamship  of  the 
present     day     gave    rise  to    many  technical    necessities. 
She  was  built  mainly  of  steel  both  in  hull  and  in  machin- 
ery, and  trustworthy  steel  could    only  be  produced  by  a    ' 
large  and  free  application  of  technical   knowledge.     The 
plates  of  ivhich  her  hull  was  constructed  were  the  result 
of  several  refined  and  careful  operations.     Only    by  the 
most  thoughtful,  patient,  and  persistent  technical  study, 
both  theoretical  and  practical,  had  the    steel    plate  been 
produced.       Every    steel     manufactory     had    become  a 
technical  school  of  chemistry',  metallurgy,  and  mechanics, 
and  the  more  the  shipwright  knew  about  his  steel  plates 
the  better  would  it  be  for  him.     In    his  own   department, 
however,  he  would  find  abundant  opportunity  and  neces- 
sity for  technical  skill  in  dealing  with  his  plates.     It  had, 
for  instance,  recently  been  shown  that  steel  plates  of  per- 
fect quality  were  liable  to  undergo  great  deterioration  in 
the  shipyard  or   the  boiler  shop  if  subjected  to  pressure 
and  change  of  form  at   improper  temperatures.     It  was 
one  thing  to  procure  good  steel  ship  plates  and  to  work 
them  properly  ;  it   was  another   to  combine  them    in  the 
most  efficient  manner  into   a  structure.     The  plates  had 
to  be   bound  together   with   rivets,  and   the   placing  of 
these  rivets  was  a  matter  of  very  great  importance  to  the    ! 
shipowner,    for    their    improper   disposition  had  ruined 
many  a  good  ship,  and  it  needed  much  technical  skill  so 
to  dispose  them  under  all  circumstances  as  to  weaken  the    j 
hull  as  little  as  possible.     The   design   and   construction    ' 
of  the  marine  steam  engine  also   made  heavy   demands    ; 
upon  technical  skill  with  a  view  of  economizing  not  so 
much  steam  and  fuel  as  weight.     The  naval   architecture    | 
of  the  past — that  which  flourished  in  the  construction  of 
wood  ships   down   even    to  our  own    day — although   in 
many  respects  admirable  and  beautiful,  was,  if  judged  by 
its  results,  a  poor  affair.     He  had  on  more  than  one  occa- 
sion bore  testimony  to  the  great  skill  of  those  who  pro- 
duced   our   splendid  wooden   line-of-battle   ships.      But 
when  the   steam  engine  and  the  screw  propeller  came   in    , 
either    the  material  or  the   technical  skill  failed  us.     It 
may  be  said  that  wooden,  steam  line-of-battle  ships  did    j 
good  ser\'ice  in  their  day,  although  their  day   was   but  a    ^ 
very  brief  one.     But    the    royal  harbors  bore    abundant 
witness  in  the  days  of   his  youth  to  the  weakness  of   the    j 
screw  steamship   built  of  wood.     He   well    remembered,    I 
when  a  shipwright's  apprentice   in   Sheerness  dockyard,    | 
taking  note   of  many  a  steam  line-of-battle  ship  lying  at    j 
her  moorings  in   the   Medway,  with  her  back  bent,   and, 
some  cases  broken,  on  account  of  her  steam  machinery ;    [ 
not  on  account  of   the  force   exerted  by  her   machinery 
when  under  steam   and  at  sea,  for  many  of  them   had 
never    been    to    sea    at    all,    but    on    account    of    the 
mere    weight   of    her    screw    propeller  and  stem  shaft- 
ing overcoming  her  longitudinal  strength.       We  trusted 


to  the  wooden  steamship  a  little  too  long,  and  were 
too  reluctant  to  see  her  yield  to  the  thrust  of 
the  oncoming  hull  of  iron  and  of  steel.  The  technical 
knowledge  requisite  to  guide  the  shipwright  in  building 
his  iron  or  steel  plates  into  a  structure  such  as  a  modern 
fast  steel  liner,  a  tenth  of  a  mile  long,  capable  of  being 
driven  across  stormy  oceans  at  a  speed  of  a  third  of  a 
knot  per  minute,  or  of  33  ft.  per  second,  without  breaking 
or  even  straining  unduly,  had  been  brought  into  being 
gradually  and  for  the  purpose.  The  adaptation  of  the 
strength  of  a  long  and  large  steamship  to  the  very  great 
and  very  variable  strains  that  she  would  be  subject  to 
at  sea  was  indeed  a  problem  upon  which  much  earnest 
work  had  yet  to  be  done  as  the  development  of  ship- 
building advanced.  But  enough  had  been  done  to  lay 
upon  the  shipwright  heavy  obligations  as  to  technical 
study.  This  was  not  a  matter  in  which  success  could  be 
secured  by  mere  brute  eff^ort  or  heedless  e.xpenditure.  A 
ship  was  a  construction  in  which  its  very  strength  might 
become  its  weakness.  It  was  quite  easy — it  had  often 
been  done  by  incompetent  persons — to  lavish  material  in 
such  places  and  in  such  a  manner  as  to  weaken  the  struc- 
ture in  one  place  by  overburdening  it  at  another.  Many 
persons  failed  sufficiently  to  realize  the  nature  of  the 
forces  which  a  big  ship  at  sea  had  to  encounter,  and  failed 
to  fully  understand  that  the  movements  of  such  a  body, 
weighing  many  thousands  of  tons,  transcended  all  other 
human  experiences  of  motion  and  ranked  in  magnitude 
with  the  great  catastrophes  and  cataclysms  of  nature. 
Where  else  on  earth  save  in  the  case  of  ships  did  one  find 
man  imparting  swift  motion  to  vast  masses  of  matter, 
wielding  and  guiding  at  his  will  bodies  as  big  as  small 
mountains  and  propelled  by  forces  that  vied  with  those  of 
earthquakes.  In  these  days  the  shipbuilder  was  nothing 
if  not  technically  trained  and  instructed,  and  this  neces- 
sity for  technical  knowledge  and  training  descended  into 
the  minute  details  of  a  shipwright's  work.  His  view  of 
the  necessity  for  technical  knowledge  went  the  full  length 
of  desiring  to  see  technical  instruction  extended  not 
merely  to  the  masters  and  professors  of  the  craft,  but  to 
all  who  were  engaged  or  to  be  engaged  in  the  production 
or  working  of  ships.  (Hear,  hear  !)  There  were  people 
who  would  be  quite  ready  to  promote  technical  education, 
in  order  to  serve  the  purpose  in  view,  in  two  ways.  First, 
they  would  like  to  see  the  shipbuilders  and  their  sons 
and  their  principal  officers  thoroughly  well  trained  for 
their  work,  and  secondly,  they  would  like  to  see  provided 
enough  of  technical  education  for  the  working  classes 
and  apprentices  engaged  in  shipbuilding  to  enable  clever 
young  men  here  and  there  to  rise  into  higher  positions 
and  make  their  way  in  their  trade  or  profession.  But 
these  objects,  though  laudable  in  themselves,  fell  very  far 
short  of  what  he  considered  the  necessities  of  the  case. 
He  wanted  to  see  educated  not  only  those  who  had  risen 
or  might  rise  above  the  hard-working  class,  but  that 
class  itself.  (Hear,  hear  !)  This  was  a  competitive  age. 
In  such  an  age  we  must  conceive  continually  new  and  im- 
proved things,  or  else  we  fell  astern  in  the  race.  In  other 
countries  technical  education  was  freely  imparted  to  the 
people,  and  they  consequentlj-  drew  their  improvements 
and  their  mechanical  progress  from  the  largest  area  of  cul- 
tivated talent.  The  establishment  of  the  Admiralty 
Technical  Schools  of  Naval  Architecture  had  been  very 
beneficial  in  this  country,  and  great  good  would  be  ob- 
tained if  its  work  was  extended  more  widely  and  if  there 
was  a  general  diffusion    of  technical   training  throughout 
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the  great  seaports  of  the  country.  The  time  had  come 
when  elementary  education  was  imparted  to  all  children  ; 
was  it  too  much  to  hope  that  before  long  all  those  young 
men  who  were  destined  to  become  shipwrights  or  ma- 
rine engineers  would  be  supplied  with  opportunities  for 
learning  how  to  apply  that  elementary  education  to 
trade  uses  ?  The  young  men  themselves,  and  society  at 
large,  would  be  the  better  in  many  ways  for  such  instruc- 
tion. The  education  of  young  men  in  matters  concern- 
ing their  daily  avocations,  and  the  laws  of  nature  with 
which  they  came  most  into  contact,  gave  to  their  lives  an 
active  interest,  for  want  of  which  so  many  sank  into  idle- 
ness and  evil." 


THE     WESTINGHOUSE    ELECTRIC     LIGHTING 
SYSTEM. 


(Krora   rite  EUclr 


EleclrUa!  Eng! 


Much  interest  has  been  excited  in  electrical  circles  by 
the  editorial  announcement  made  in  our  last  issue  re- 
specting the  success  of  experiments  recently  made  with 
the  system  of  electrical  distribution  by  induction,  which 
is  about  to  be  introduced  by  the  Westinghouse  Electric 
Company,  of  Pittsburgh.  This  interest  has  been  height- 
ened by  statements  which  have  appeared  in  the  public 
press  purporting  to  set  forth  some  of  the  results  which  have 
been  attained  Having  been  permitted  to  examine  the 
apparatus  in  actual  operation,  we  purpose  at  an  early  day 
to  present  our  readers  with  a  detailed  description  of  the 
plant ;  meanwhile  a  brief  statement  of  the  facts,  which 
may  be  relied  upon  as  accurate,  so  far  as  it  goes,  will 
doubtless  be  of  interest.  The  test  which  we  witnessed 
was  made  in  Pittsburgh.  The  dynamo  was  located  in  the 
factory  of  the  Westinghouse  Electric  Company  on 
Duquesne  Way  and  Garrison  Alley,  Pittsburgh,  and  the 
lamps  were  situated  at  a  distance  of  three  miles  from  the 
generator  in  a  suburb  of  the  city,  best  known  as 
Lawrenceville.  The  conductor  used  was  No.  4  B.  w.  g. 
copper  wire,  six  miles  in  length  out  and  back,  and  having 
a  resistance  of  6  ohms.  The  generator  is  of  the  alternate 
class,  and  was  originally  designed  by  William  Stanley,  Jr., 
some  of  the  details  of  the  present  model  having  been 
worked  out  by  Messrs.  Westinghouse,  Shallenberger, 
Byllesby,  Schmid  and  others.  It  is  a  remarkably  well  de- 
signed, efficient  and  handsome  machine.  The  body  of  the 
armature  is  cylindrical,  23  inches  in  diameter  and  12  inches 
face,  and  is  formed  of  discs  of  iron  magnetically 
separated  from  each  other,  the  conducting  wire  being 
wound  in  flat  coils  upon  its  face.  The  field  magnets,  16 
in  number,  are  arranged  in  a  circle,  with  their  poles 
facing  inward  toward  the  armature  and  in  close  proximity 
thereto.  The  dynamo  is  driven  at  the  rate  of  1,080 
revolutions  per  minute,  thus  giving  17,260  alternations  of 
the  current  per  minute  or  288  per  second.  The  weight  of 
the  entire  machine  is  about  7,000  pounds,  and  the  total 
weight  of  copper  wire  on  the  armature  and  field  magnet 
about  800  pounds.  The  potential  at  the  terminals  of  the 
dynamo  when  running  is  maintained  at  about  1,100  volts. 
An  independent  exciter  is  employed  for  the  field,  con- 
sisting of  a  small  Stanley  direct  current  dynamo  of  150 
volts  and  10  amperes,  driven  at  i,Soo  revolutions  per 
minute.  The  alternate  dynamo  and  exciter  are  both 
belted  to  the  shaft  of  an  18  by  16  Westinghouse  automatic 


engine,  rated  at  200  h.  p.,  and  making  276  revolutions. 
The  potential  at  the  terminals  of  the  main  conductors,  3 
miles  from  the  dynamo,  is  1,000  volts.,  showing  a  drop  of 
only  10  per  cent.  The  inductoriums,  or  "converters,'"  as 
they  are  technically  called,  are  placed  at  the  point  of 
consumption,  and  have  their  primary  wires  attached  to 
the  main  conductors  and  their  secondary  wires  to  the 
leads  which  extend  through  the  premises  to  be  lighted 
and  to  which  the  lamps  are  attached  in  the  usual  manner. 
In  the  present  installation  each  converter  contains  112 
pounds  of  iron  and  43  pounds  of  copper,  and  is  capable  of 
supplying  50  16-candle  incandescent  lamps  at  a  potential 
of  100  volts.  In  one  long  continued  test  850  lamps  and 
in  another  1,000  lamps  were  lighted  to  their  full  candle- 
power  on  this  circuit,  and  the  high  commercial  efficiency 
of  the  system  as  a  whole  may  be  estimated  by  the  result 
which  was  obtained  of  a  little  in  excess  of  8  lamps  per 
indicated  horse-power. 

It  will  be  seen  from  these  data  that  not  more  than  i 
pound  of  copper  per  mile  is  required  for  each  lamp  in  this 
system.  It  is  easy  to  estimate  the  immense  saving  in  the 
cost  of  installation  of  an  electric  light  plant  which  is 
capable  of  being  realized  by  the  use  of  this  invention. 
The  system  of  the  Westinghouse  Company  as  now  per- 
fected is  based  upon  the  fundamental  patents  of  Messrs. 
Gaulard  and  Gibbs,  whose  apparatus  has  for  some  time 
been  in  successful  use,  though  only  to  a  limited  extent,  in 
England.  Many  modifications  and  improvements  have 
been  added  to  the  original  system  by  Mr.  Westinghouse 
himself  and  by  Messrs.  Stanley,  Shallenberger  and  other 
electricians  of  the  company.  The  remarkable  results 
which  we  have  above  chronicled  are  in  fact  the  outcome 
of  more  than  a  year  of  elaborate  and  costly  experiment- 
ation by  a  number  of  the  ablest  electricians  in  the  United 
States. 


Irrigation  in  Queensland. 

Climatic  influences  in  Queensland,  which  is  a  British 
colony  in  the  northeastern  part  of  Australia,  it  is  said  in 
Engineering,  appear  to  run  in  cycles,  long  periods  of  ex- 
treme wet  succeeding  to  seasons  of  unwonted  dryness,  so 
that  a  good  system  of  irrigation  would  be  a  great  advan- 
tage, and  it  has  lately  been  occupying  the  attention  of  the 
colonists. 

The  means  of  irrigation  already  adopted  are  various. 
Windmills  of  the  modern  American  type  are  often  used 
for  watering  stock,  and  for  other  farm  as  well  as  garden- 
ing purposes.  They  are  generally  erected  over  wells,  as 
water  appears  to  be  got  in  almost  any  parts  if  the  sinking 
be  of  suflicient  depth.  Californian  and  chain  pumps  are 
used  by  the  Chinese,  who  are  largely  employed  in  raising 
market  garden  produce  in  the  neighborhood  of  large 
towns.  The  pulsometer  pump  is  also  used  to  a  great 
extent  with  the  colonial  gardeners,  its  simplicity  of  action, 
no  doubt,  appealing  strongly  to  those  unskilled  in  me- 
chanics in  a  country  where  engineering  establishments  are 
rare,  and  metal  workers  of  all  kinds  get  very  high  wages. 
But  in  situations  where  large  volumes  of  water  have  to 
be  raised,  the  centrifugal  pump  naturally  commands  the 
situation,  and  upon  some  of  the  large  sugar  plantations  of 
the  north,  very  important  installations  of  centrifugal 
steam  pumping-engines  have  been  erected.  In  the 
Burdekin  district,  twelve  such  irrigating  plants  are  now 
at  work. 
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December  14,  1886. 

Duriiifj  tlie  month  of  November,  18S6,  the  Patent  Office 
of  the  United  States  passed  to  issue  letters  patent  num- 
bered, in  series,  from  351,730  to  353,653,  both  inclu- 
sive ;  of  which  377  bear  date  as  of  the  second  ;  400  as  of 
the  ninth  ;  398  as  of  the  si.\tecnth  ;  374  as  of  the  twenty- 
third,  and  375  as  of  the  thirtieth  of   said  month. 

The  whole  number  issued  was  1.923;  one,  under  date 
of  November  23d,  having  been  withdrawn. 

One  hundred  and  forty-one  patents,  or  7>^  per  cent,  of 
the  entire  issue,  are  for  devices  designed  for  application 
to  "r.iilway  purposes." 

Twenty-one  for  use  on  horse  and  cable  roads,  respec- 
tively ;  two  arc  specifically  for  use  on  "elevated"  roads  ; 
and  one  hundred  and  nineteen  are  for  railroads  operated 
by  steam  locomotives  generally. 

The  devices  designed  for  improvement  of  current  prac- 
tice on  horse-railroads  are :  Brake,  i  ;  brake-rod  handle, 
I  ;  car  coupler,  i  ;  car  draw-hook,  i  ;  car  heater,  i  ;  car 
starters,  4.  =  9. 

For  cable-roads:  Concrete  mold,  for  forming  cable 
subway,  i  ;  cable,  i  ;  cable  grips,  6  ;  curve  pulley,  i  ;  and 
cable-railway  plants,  2.  =  ii. 

For  railroads  operated  by  steam  locomotives  gener- 
ally: 


Air  compressor  attachment  for 
locomotive - . . 

Axle 

Axle-bo.x  dust-guard 

Axle  box 

Axle  bearing 

Brake-gear,  adjustable  for  regu- 
lating travel  of  beam 

Brake,  pneumatic  train  brakes. ..  . 

Brake  pawl 

Brdke  operated  by  fluid  pressure 

Bag-catcher,  mail 

Car 


Electric  lightingof  i 


Dumping  car  . 

Express  car... 

Stock  car 

Car  couplings 

Car-coupling  link. 
Car  door,  freight. 


Car 

Car-heating  and   lighti 

Car  lamp  


Cartruck 

Car-wheel  chill 

Car-wheels  and  axle-handling  ap- 
paratus   

Coupler  for  brake-hose 

Exhaust  quieter 

Exhaust  relief 


Guard  for  street  crossings i 

Journal r 

Locomoti\c 3 

Locomotive  boiler 3 


Rail,  tor  inside  c 
Rail  braces,  mar 

Seal  lock 

Snow-plow 

Signals— 

Train  signal! 

Road  signals 
Spark  arreste 


Velociped 


Among  the  31  "couplers"  (and  the  same  is  true  of  any 
lot  of  like  number  heretofore  patented)  there  are  several 
affording  evidence  of  great,  if  not  entire,  ignorance,  on 
the  part  of  the  inventors  respectively,  of  the  conditions 
under  which  a  car-coupling  is  necessarily  operated.  Some 
of  the  November  lot  in  question  are  of  particularly  fan- 
tastic form. 

One  of  the  group,  however  (No.  351,964),  shows  very 
simple,  and  presumably  effective,  devices  for  reception, 
detention  and  release  of  link,  and  for  holding  the  link  hor- 
izontally in  position  to  engage  opposing  draw-gear.  It 
would  couple  aiitoiiiaticaUy  with  any  link-carrying  draw- 
gear,  as  well  as  with  one  of  its  own  pattern  ;  provided 
the  link,  coming  to  be  engaged  with  No.  351,964,  be  pre- 
sented so  that  it  may  hit  the  orifice  of  the  "throat"  of 
the  draw-head  of  said  coupler.  It  would  receive,  and  se- 
cure, any  /w^rf-guided  link  without  any  handling  of  a//« 
on  the  part  of  the  person  making  the  coupling. 

Of  devices  other  than  couplers,  there  are  several  no- 
ticeably ridiculous.  As  for  instance  :  One  shows  a  rail- 
road rail  having  an  undulating  surface,  with  si.x  or  seven 
considerable  "waves"  in  a  length  of  30  feet.  In  another, 
instead  of  a  car-wheel  of  the  conventional  form,  there  is 
a  circular  plate,  rotating  on  a  fi.xed  a.xle,  bearing  on  its 
edge  small  wheels,  set  "roller-skate"  fashion  ;  which 
small  wheels  are  to  "take  their  places  in  quick  succession" 
upon  the  rail.  This  contrivance  would,  presumably,  prove 
"a  rattler,"  indeed. 

In  improvements  in  locomotive  fire-boxes  and   boilers, 


we  find,  under  No.  352,215,  devices  for  securing,  in  a 
chamber  adjacent  to  the  flues  of  the  boiler,  a  thorough 
combustion  of  the  gases  produced  in  the  fire-box  ;  and  in 
No.  352,217  a  fire-box  of  two  compartments,  one  devot- 
ed to  the  production  of  gas  Cfrom  coal  used  for  fuel)  ;and 
the  other — adjacent  to  the  rear  flue  sheet  of  the  boiler — 
used  as  a  comt3ustio%chaniber,  into  which  the  aforesaid 
gas,  mixed  with  air,  charged  into  it  by  means  of  a  flue 
provided  for  that  purpose,  is  introduced  at  will. 

We  note  also  a  turn-table,  designed  to  be  operated  by 
the  weight  of  any  burden  (ordinarily  a  locomotive)  placed 
upon  it;  such  weight  being  made  efTective  through  cer- 
tain springs  and  a  spiral  inclined  plane. 

In  car-seats.  No.  352,055   has  several  good  features. 

In  our  review  of  the  November  patents  we  have,  per- 
haps, overlooked  some  device  the  "introduction"  of  which 
will  "revolutionize"  railway  practice  in  the  line  in  which 
such  device  is  intended  to  serve;  but,  with  our  present 
view  of  the  matter,  we  have  to  say,  further,  only  that  the 
month's  illustration  of  the  work  of  our  inventors  of  rail- 
way appliances  indicates  an  unflagging  industry  ;  and,  on 
the  whole,  a  promising  advance  m  appreciation  of  the 
subjects  handled.  J.  M.  G. 


System  of  Electric  Distribution,* 

Specification  forming  part  of  Letters  Patent,  No.  331, sSg, 
dated  October  26tk,  18S6,  to  Lucien  Gaulard  and  John 
D.  Gi/ibs.  of  the  County  of  Middlesex,  England,  As- 
sigfiors  to  George  Westinghouse,  Jr.,  of  Pittsburgh,  Pa. 

Application  filed  March  6th,  1886.     Serial  No.  194,229. 
(No  model.) 
To  all  whom  it  may  concern  : 

Be  it  Known,  That  we,  Lucien  Gaulard,  a  citizen  of 
the  republic  of  France,  and  John  Dixon  Gibbs,  a  subject 
of  the  Queen  of  Great  Britain,  both  of  the  county  of 
Middlesex,  England,  have  jointly  invented  certain  new 
and  useful  Improvements  in  Methods  and  Apparatus  for 
the  Distribution  and  Conversion  of  Electric  Energy,  of 
which  the  following  is  a  specification  : 

Our  invention  relates  to  the  distribution  of  electrical 
energy  for  industrial  purposes,  and  it  consists  in  an  im- 
proved art  or  method,  and  an  organization  of  apparatus 
whereby  the  same  is  carried  into  effect,  by  means  of 
which  we  are  enabled  to  transmit  from  a  central  or  supply 
station  through  a  main  conductor  a  primary  electric  cur- 
rent of  comparatively  small  quantity  but  of  high  poten- 
tial, and  at  a  point  or  points  more  or  less  distant  where 
the  said  electric  energy  is  to  be  utilized,  to  transfer  the 
energy  residing  in  such  primary  current  of  high  poten- 
tial, into  one  or  more  secondary  currents  of  lower  poten- 
tial but  of  greater  quantity.  To  this  end  the  invention 
comprises  certain  combinations  of  apparatus  having  an 
organization  and  mode  of  operation  particularly  adapted 
to  effect  such  transference  of  electric  energy. 

By  means  of  our  improved  method  and  apparatus  we 
are  enabled  to  convey  a  useful  quantity  of  electric  energy 
to  a  much  greater  distance  than  has  heretofore  been 
practicable,whilethecostof  the  necessary  plant  for  electric 
lighting  and  other  analogous  purposes,  especially  that  of 
the  main  electrical  conductors,  is  very  materially  dim- 
inished. 

The  accompanying  drawings  represent  an  organization 
of  apparatus  which  we  have  found  to  be  well  adapted  for 
carrying  out  our  invention. 

Fig.  I  is  a  theoretical  plan  showing  the  general  princi- 
ple of  the  apparatus ;  Fig.  2  is  a  transverse  vertical  sec- 
tion of  one  form  of  converter,  and  Fig.  3  is  a  diagram 
showing  one  plan  of  arranging  the  apparatus  when  the 
transference  of  energy  is  to  be  effected  at  more  than  one 
point. 

In  the  drawing,  D  represents  a  dynamo-electric  gener- 
ator of  suitable  construction,  organized  for  the  produc- 
tion in  the  main  line  of  alternating  currents,  that  is  to 
say,  successive  electric  currents  or  pulsations,  alternately 
of  positive  and  negative  polarity  and  of  equal  potential 
and   duration.     We  have  found   by  experiment  that  the 
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dynamo-electric  machine  of  Alteneck,  described  in  United 
States  Letters  Patent  No.  234,353.  of  November  9th,  1880, 
Is  well  adapted  for  our  purpose;  but  we  do  not  desire  to 
confine  ourselves  to  any  particular  construcliono  f  gener- 
ators for  setting  up  alternating  currents  in  the  line,  as 
there  are  many  forms  of  these  known  and  used  which  will 
serve  sufficiently  well. 

In  order  to  operate  a  dynamo-electric  machine  for  the 
production  of  alternate  currents,  it  is  necessary  to  pro- 
vide some  means  for  maintaining  its  magnetic  field.  This 
may  be  accomplished  by  a  separate  current  derived  from 
an  independent  dynamo  machine,  technically  termed  the 
"exciter."  Such  independent  exciter  is  shown  in  the 
drawing  at  e.  It  may  be  an  ordinary  direct-current  dy- 
namo machine,  of  any  suitable  construction.  The  cur- 
rent of  the  exciter  E  is  conducted  from  its  terminals/,  p, 
by  means  of  wires  i  and  2.  to  and  through  the  field-mag- 
net helices  of  the  main  dynamo  or  generator  D. 


coil  has  heretofore  usually  been  employed  to  transfer 
electric  energy  from  currents  of  low  potential  and  great 
quantity  into  currents  of  high  potential  and  small  quan- 
tity, the  function  of  the  secondary  generator  or  converter 
as  applied  in  our  invention  is  precisely  the  reverse  of  this, 
namely,  to  transfer  electric  energy  from  currents  of  high 
potential  to  currents  of  low  potential  and  increased  quan- 
tity. We  have  constructed  converters  for  effecting  this 
result  in  a  variety  of  forms,  all  of  which  involve  the  same 
principle.  In  order  that  this  principle  may  be  better  un- 
derstood, we  will  describe  the  construction  and  mode  of 
operation  of  a  simple  form  of  the  converter  which  we  have 
shown  at  cin  figure  i.  Two  iron  cores  b,b\-&.xe.  preferably 
built  up  from  a  large  number  of  small  soft  iron  wires,  in- 
sulated from  each  other  and  mechanically  secured  to- 
gether in  a  solid  bundle.  It  is  usually  preferable  to  unite 
the  ends  of  the  cores  so  that  they  wdl  become  magneti- 
•cally  continuous.  In  figure  3  for  example,  we  have  shown 
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In  order  to  vary  when  required  the  electromotive  force 
of  the  generator  d,  it  is  convenient  to  effect  a  correspond- 
ing variation  m  the  strength  of  the  current  in  the  field 
produced  by  the  exciter  E.  This  may  be  done  in  the  case 
of  a  shunt-wound  exciter,  by  an  adjustable  resistance  in- 
serted in  the  field  of  the  exciter.  We  have  shown  this 
plan  in  the  drawings.  R  is  a  rheostat  composed  of  a 
series  of  graduated  resistance  coils  r,  r\  r^,  etc.  A  mov- 
able contact-arm  or  other  equivalent  device  is  provided, 
by  means  of  which  the  current  for  maintaining  the  field 
produced  by  the  exciter  e  may  conveniently  be  regulated. 
The  same  result  may  be  reached  in  other  well-known 
ways.  The  power  for  operating  the  main  dynamo  D,  as 
well  as  the  exciter  e.  is  furnished  by  a  suitable  steam 
engine  or  other  convenient  motor  M. 

At  a  point  where  the  electric  current  is  to  be  utilized 
for  any  suitable  purpose,  as  for  instance,  in  one  or  more 
incandescent  electric  lamps,  we  place  one  or  more  sec- 
ondary generators  of  converters,  as  shown  ate  in  figure  i. 
The  general  principle  of  our  secondary  generatoj  is  an- 
alagous  to  that  of  the  well-known  inductorium  or  in- 
duction coil,  with  this  exception,  that  while  the  mduction 


the  cores  in  the  form  of  a  rectangle  ;  but  the  core  or  cores 
may  be  straight  cylinders,  or  closed  figures  of  oval,  annu- 
lar, horseshoe,  or  other  shape,  this  being  merely  a  matter 
of  convenience  in  construction  or  economy  in  operation, 
but  involving  no  change  of  principle.  Around  the  cores 
b,  b\  the  primary  electric  conductors  4  and  5  are  disposed 
helically  in  the  manner  shown  in  the  drawing,  which, 
however,  is  intended  to  represent  the  arrangement  of 
these  conductors  in  a  symbolical  or  typical  manner  only, 
the  actual  construction  being  preferably  similar  to  that 
shown  in  figure  2,  hereinafter  to  be  described.  By  in- 
spection of  the  drawing  it  will  be  seen  that  one  conduc- 
tor, 4,  is  coiled  upon  the  left-hand  portion  of  the  core, 
and  the  other  similar  conductor,  5,  upon  the  right-hand 
portion,  and  the  two  conductors  4  and  5  are  then  con- 
nected at  their  adjacent  ends,  that  a  current  may  tra- 
verse them  in  series  and  thus  develop  magnetism  in  the 
iron  cores  b,  b\  so  as  to  establish  a  magnetic  field  sur- 
rounding or  enveloping  said  cores  and  adjacent  thereto. 
The  secondary  conductors  I.  and  11.  are  disposed  in  pre- 
cisely the  same  manner  around  the  cores  b,  b\  and  withm 
the  same  magnetic  field.     In  the  particular  arrangement 
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shown  in  figures  i  and  3  ol  ilic  drawing,  each  convolu- 
tion of  ilie  secondary  conductor  is  interposed  between 
two  adjacent  convolutions  of  the  primary  conductor,  so 
that  the  number  of  convolutions  as  well  as  their  mean 
distance  from  the  a.xis  of  the  core  is  the  same.  E.xperi- 
ence  indicates  that  the  more  nearly  the  last  mentioned 
relation  is  preserved,  the  higher  will  be  the  cfhciency  of 
the  apparatus.  The  relative  disposition  of  the  primary 
and  secondary  helices  may  otherwise  be  greatly  varied 
without  material  change  in  the  result;  for  example,  one 
may  be  superposed  upon  the  other  as  in  figure  2.  or  the 
two  may  be  placed  upon  dilTerent  parts  of  the  same  core 
or  cores,  according  to  circumstances.  It  is  to  be  observed 
that  the  secondary  conductors  shown  in  figure  i  of  the 
drawings  are  not  united  in  series  like  the  primary  con- 
ductors, but  their  ends  are  joined  together  as  shown  at 
III.  and  IV..  in  parallel  or  multiple  arc,  and  from  the  last 
named  junction  points  of  the  secondary,    the  conductors 


mary  currents  ordinarily  are,  by  including  proper  trans- 
lating devices  in  said  secondary  circuit. 

The  most  important  and  characteristic  feature  of  our 
invention  is  that  which  renders  it  possible  to  make  use 
of  alternating  and  equal  positive  and  negative  currents 
of  moderate  quantity^  but  of  very  high  potential,  in  the 
primary  or  main  line  circuit,  and  to  convert  these  into 
secondary  or  induced  currents  of  much  greater  quantity 
but  of  corresponding  lower  potential  at  the  place  of  con- 
sumption, which  secondary  currents  are  employed  to  do 
the  required  work.  This  is  A  result,  the  attainment  of 
which  is  of  the  utmost  importance  in  the  art  of  electrical 
distribution,  as  it  renders  practicable  the  employment  of 
insulated  main  conductors,  of  comparatively  small  size 
and  moderate  cost,  for  the  transmission  of  large  amounts 
of  energy  to  great  distances. 

We  will  now  explain  the  means  by  which  this  increase 
of  quantity  and  reduction  of  potential   in   the  secondary 
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V.  and  VI.  are  led  to  an  electric  lamp  or  other  translating 
device  L  by  which  the  circuit  is  completed. 

We  will  now  describe  the  mode  of  operation  of  the  ap- 
paratus. When  the  dynamo-electric  generator  D  is  set 
in  operation,  a  rapid  succession  of  alternating  positive 
and  negative  currents  or  pulsations  of  equal  potential  and 
duration,  technically  termed  an  alternating  current,  is  set 
up  in  the  main  or  primary  conductor,  the  path  of  which 
may  be  traced  in  figure  1  as  follows :  From  one  ter- 
minal of  the  generator  D  by  the  line  conductor  3  to  the 
primary  conductor  4.  5  of  the  secondary  generator  c, 
thence  returning  by  the  line  conductor  6  to  the  opposite 
terminal  of  the  generator.  The  alternate  current  pro- 
ceeding from  the  primary  generator  D,  by  its  inductive 
action  in  the  secondary  generator  c,  creates  a  magnetic 
field  of  alternate  polarity,  and  this  alternation  of  the  mag- 
netism of  the  field,  in  accordance  with  a  well-known  law, 
generates  by  inductive  reaction  an  alternate  current  in 
the  closed  circuit  of  a  secondary  conductor  situated  with- 
in it.  The  secondary  current  may  be  utilized  for  electric 
lighting  or  other  purposes  in   the  same  manner  that  pri- 


circuit  is  effected.  Let  it  be  assumed  that  we  have  an 
electric  lamp,  as  L  in  figure  i.  so  constructed  as  to  work 
at  maximum  efficiency  when  rendered  luminous  by  an 
electric  current  of  i  ampere.  Let  it  also  be  assumed  that, 
for  economical  or  other  reasons,  it  is  desired  to  employ 
an  alternate  current  of  0.5  ampere  only  in  the  primary 
circuit.  The  necessary  increase  in  the  quantity  of  the 
secondary  current  will,  in  such  case,  be  effected  by  the 
apparatus  when  arranged  precisely  as  shown  in  the  fig- 
ure, for  as  the  primary  conductor  of  the  converter  C  is 
connected  in  series,  while  the  secondary  conductor  (with 
an  equal  number  of  convolutions  situated  in  the  same 
magnetic  field)  is  arranged  with  one-half  its  convolutions 
in  multiple  arc  with  the  other  half,  the  result  will  be  pre- 
cisely the  same  as  if  the  actual  number  of  convolutions 
of  the  secondary  conductor  were  only  half  as  many  as 
those  of  the  primary.  The  total  resistance  of  the  sec- 
ondary conductor  when  thus  connected,  is  obviously  only 
one-fourth  as  great  as  that  of  the  primary,  the  secondary 
being  double  the  cross-section,  and  virtually  only  one- half 
the  length  of  the  primary. 
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When  an  electric  current  of  alternating  polarity  is 
caused  to  pass  through  the  primary  conductor  of  the  con- 
verter c — figure  I — it  creates  by  electro-magnetic  induc- 
tion a  magnetic  field,  the  intensity  of  which,  within  the 
ordinary  limits  of  worlcing,  is  proportional  to  the  current 
(expressed  in  amperes)  passing  through  llie  conductor. 
Each  alternation  so  produced  in  the  magnetism  of  the 
field  tends  to  set  up  a  definite  electromotive  force  in  each 
separate  convolution  of  any  conductor  traversing  the 
field.  In  the  primary  conductor  this  electromotive  force 
opposes  itself  temporarily  to  the  primary  or  magnetizing 
current,  but  as  it  is  of  inferior  and  rapidly  decreasing 
potential,  it  acts  merely  to  delay,  and  not  to  prevent,  the 
magnetization  of  the  field.  An  approximately  equal 
electromotive  force  is  at  the  same  time  set  up  in  each 
convolution  of  the  secondary  conductor,  but,  as  the  latter 
(in  the  present  example)  malces  only  half  the  number  of 
convolutions  within  the  field,  the  total  electromotive 
force  of  the  secondary  current  will  be  only  one-half  that 
of  the  primary  current.  Inasmuch,  however,  as  the  value 
of  any  carrent  is  expressed  by  the  quotient  of  the  elec- 
tromotive force  divided  by  the  resistance,  and  as  the  re- 
sistance of  the  secondary  coil  is  only  one-fourth  that  of 
the  primary,  the  actual  number  of  amperes  in  the  second- 
ary current  will  be  approximately  twice  as  many  as  in  the 
primary  current.  Strictly  speal<ing,  however,  the  induc- 
tive action  may  be  said  to  be  determined,  not  by  the  num- 
ber of  convolutions  but  by  the  extent  of  conductor, 
measured  in  linear  units,  which  is  in  inductive  relation  to 
the  magnetic  field,  assuming  the  lines  of  force  in  such 
field  to  be  uniformly  distributed.  In  order  to  produce  a 
proper  result,  it  is  preferable  that  the  resistance  offered 
by  that  portion  of  the  linear  conductor  in  the  magnetic 
field  which  is  traversed  by  the  primary  current,  shall  ex- 
ceed the  resistance  of  the  conductor  in  the  same  field 
traversed  by  the  secondary  current,  in  an  inverse  ratio  to 
the  increase  in  current  strength  or  reduction  of  potential 
which  it  is  desired  to  effect. 

.^ny  required  number  of  converters,  of  the  general  con- 
struction described,  may  have  their  primary  circuits 
united  with,  or  included  in,  the  conductors  leading  from 
the  primary  generator.  The  manner  of  connecting  such 
converters,  whether  in  series,  multiple  arc,  multiple  series, 
or  otherwise,  will  be  understood  bv  those  skilled  in  the 
art  to  which  our  invention  relates,  without  the  necessity 
of  further  explanation.  One  arrangement,  however,  is 
indicated  in  figure  3,  in  which  a  second  converter,  c',  is 
placed  in  circuit,  provided  with  a  secondary  conductor 
and  an  independent  group  of  lamps.  The  primary  cur- 
rent traverses  the  circuit  3,  4,  5,  6,  7,  8,  9,  passing  through 
the  primary  wires  of  both  converters,  and  the  separate 
groups  of  lamps  are  shown  at  L  and  l'.  We  do  not  here- 
in claim  the  connection  of  the  converters  in  the  line,  m 
any  other  arrangement  than  we  have  illustrated  in  the 
drawings. 

It  must  not  be  forgotten,  however,  that  tlie  consump- 
tion of  energy  in  the  main  or  primary  circuit  will,  in  all 
cases,  bear  a  certain  definite  ratio  to  the  work  which  is 
being  done,  or  at  least  to  the  resistance  which  is  offered 
at  any  given  time  in  the  secondary  circuits  of  the  con- 
verters, whether  one  or  many.  The  attendant  at  the  gen- 
erator, by  means  of  an  electro-dynamometer  or  other 
suitable  current  indicator,  G — figure  3— can  readily  detect 
any  change  in  the  strength  of  the  current  due  to  varia- 
tions in  the  consumption,  and,  by  moving  the  arm  S,  can 
correspondingly  raise  or  lower  the  electromotive  force  of 
the  generator  D,  so  as  to  bring  the  current  back  to  its 
normal  strength. 

The  converter  c  may  be  constructed  in  various  ways. 
We  have  attained  excellent  results  by  constructing  it  in 
the  manner  more  particularly  shown  and  described  in 
prior  United  States  patents,  Nos.  297.92401  April  29th, 
1884,  and  316,354  of  April  21st,  18S5.  .Another  form 
which  gives  excellent  results  in  practice,  is  shown  in 
figure  2,  in  which  h  is  a  core  formed  of  a  bundle  of  iron 
wires,  around  which  the  primary  wire  4  is  coiled  in  a  lieli.x 
of  the  ordinary  form.  The  helix  of  the  secondary  wire 
III.,  IV.,  is  superposed  upon  that  of  the  primary,  in  the 
manner  shown.  The  sectional  area  of  the  secondary 
wire  is  here  shown  as  four  times  that  of  the  primary, 
while  the  number  of  convolutions  is  only  one-fourth  as 
great.     We  nevertheless   do   not   desire  to  confine  our- 


selves to  any  particular  construction  of  the  converter,  as 
this  is  quite  immaterial  so  long  as  the  essential  principles 
which  we  have  hereinbefore  set  forth  are  not  departed 
from. 

We  claim  as  our  invention  : 

1.  The  hereinbefore-described  art  or  method  of  elec- 
trical distribution  and  conversion,  which  consists  in  es- 
tablishing in  a  closed  electric  circuit,  a  current  of  alter- 
nate and  equal  positive  and  negative  potential,  producing 
by  the  influence  of  such  current  an  inductive  field  of  al- 
ternate polarity,  and  thereby  inducing  in  translating  de- 
vices situated  in  an  independent  closed  circuit  traversing 
such  field,  a  similar  alternating  secondary  current  of 
greater  quantity  and  less  potential  than  the  originating  or 
producing  current. 

2.  In  a  system  of  electrical  distribution,  an  in- 
ductorium  or  converter,  in  which  the  length  of  that  por- 
tion of  the  conductor  traversed  by  the  primary  current 
within  the  magnetic  field  created  by  itself,  exceeds  the 
length  within  the  same  field  of  the  conductor  traversed 
by  the  secondary  current,  in  combination  with  a  dynamo- 
electric  generator  producing  alternating  electric  currents 
or  pulsations  of  equal  potential  and  duration,  and  trans- 
lating devices  actuated  by  said  secondary  current. 

3.  In  a  system  of  electrical  distribution,  an  inductor- 
ium  or  converter,  in  which  the  resistance  of  that  portion 
of  the  conductor  traversed  by  the  primary  current  within 
the  magnetic  field  created  by  itself,  exceeds  the  resist- 
ance of  that  portion  of  the  conductor  traversed  by  the 
secondary  current  which  lies  within  said  field,  in  combin- 
ation with  a  dynamo-electric  generator  producing  alter- 
nating currents  or  pulsations  of  equal  potential  and  du- 
ration, and  translating  devices  actuated  by  said  secondary 
current. 

4.  In  a  system  of  electrical  distribution,  a  dynamo- 
electric  machine,  organized  for  the  production  of  alter- 
nate positive  and  negative  currents,  equal  to  each 
other  in  potential  and  duration,  in  combination  with  the 
primary  curcuit  of  an  inductorium  or  converter  organized 
to  induce  in  its  secondary  circuit  alternating  currents  of 
lowei  potential  and  greater  quantity  than  those  of  the 
primary  circuit,  and  one  or  more  translating  devices  ac- 
tuated by  said  secondary  currents. 

5.  In  a  system  of  electrical  distribution,  the  combin- 
ation of  an  inductorium  or  converter,  having  its  primary 
and  secondary  circuits  constantly  closed,  a  dynamo-elec- 
tric generator  for  producing  alternating  currents  of  equal 
potential  and  duration  included  in  said  closed  primary 
circuit,  and  one  or  more  translating  devices  included  in 
said  closed  secondary  circuit,  substantially  as  set  forth. 

[Note. — The  claims  of  this  patent  were  refused  by  the 
Primary  Examiner  on  the  ground  of  lack  of  patentable 
novelty,  but  were  allowed  on  appeal  to  the  Board  of  E.\- 
aminers-in-Chief.] 


Vogt's  Journal-Box  Cover. 

Mr.  Axel  S.  Vogt,  of  Altoona,  Pa.,  has  patented  a 
cover  for  railroad  journal-boxes.  His  invention  is  de- 
scribed as  follows  in  his  specification  : 

Figure  i  is  a  central  sectional  elevation  tlirough  the 
axle-box  and  its  lid  ;  Fig.  2,  a  side  elevation  of  the  same ; 
Fig.  3.  a  front  view  of  that  part  of  the  iange  which  is  cast 
with  the  axle-box  ;  Fig.  4,  a  perspective  view  of  the  same 
on  the  section  x  x  of  Fig.  3.  Fig.  5  is  a  back  view  of  the 
hinge  put  together;  Figs.  6  and  7,  side  and  front  views  of 
the  compressing-arm.  Fig.  8  is  a  diagram  illustrating  the 
action  of  the  device  when  in  use. 

A  is  the  axle-box,  having  the  rim,  a  a,  around  its  open 
end  made  flat  and  level. 

B  is  the  hinge  lug  or  section,  secured  to  or  cast  with 
the  box.  The  form  and  construction  of  this  hinge-lug  is 
fully  shown  in  Figs.  3.  4,  and  5.  It  is  perforated  longi- 
tudinally for  the  reception  of  the  hinge-pin,  as  shown  in 
Fig.  5.  and  at  h.  Fig.  4. 

In  the  front  of  the  hinge-lug  B-  is  an  open  slot,  b^.  and 
at  the  top  of  the  slot,  and  near  the  top  of  the  lug,  is  a 
recess,  b'  (see  Figs.  3  and  4).  forming  a  bearing  for  the 
compressing-arm  E,  Figs.  6  and  7. 

h'^  is  a  projection  on  the  back  of  lug'B. 

C  is  the  lid  which  closes  the  opening  in  the  box  A.     If 
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desired,  it  may  have  a  rim  of  soft  metal  cast  into  a  recess 
in  its  fitting-face  which  rests  upon  the  rim  <i  of  the  box. 

c'  c'.  Fig.  5,  are  lugs  perforated  for  the  receplioii  of  the 
hinge-pin,  and  adapted  to  register  with  the  lug  B. 

c'  is  a  curved  hood  which  projects  over  the  top  of  the 
hinge,  covering  the  recess  b'.  and  terminating  in  a 
shoulder,  t',  adapted  to  rest  against  the  shoulder  b^  when 
the  lid  is  open. 

f'  is  a  hollow  bo.x  or  pocket  cast  in  the  lid  C  and  open 
at  the  top. 

D  is  a  spiral  spring  contained  in  the  pocket  <'.  The 
a.xial  line  of  the  pocket  must  be  such  as  will,  when  the  lid 
is  closed,  form  a  very  obtuse  angle,  such  as  J  K  L,  Fig.  8, 
with  the  compressing-arm  E,  hereinafter  described,  which 
angle  will  have  its  apex  pointing  toward  the  box. 

E  is  the  compressing-arm,  having  at  its  top  circular 
projecting  arms  c  e.  which  are  adapted  to  rest  in  the 
horizontal  recess  b'.  and  at  its  bottom  a  plug  e',  adapted 
to  enter  the  spring  D.  and  a  collar,  c-,  to  rest  against  the 
end  of  the  spring.  This  collar  e-  should  be  large  enough 
to  nearly  fill  the  opening  t-',  though  capable  of  moving 
freely  in  it.  The  shaft  e^,  of  the  arm  E,  is  of  a  size  which 
oermits  it  to  move  freelv  in  the  slot  b^. 
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F  is  the  hinge-pin  ;  /,  an  elastic  washer. 
/'  is  a  key  to  retain  the  pin  F  in  place. 

To  secure  the  lid  to  its  hinge,  the  compressing-arm  E 
is  first  placed  in  its  bearings  b'  and  the  spring  D  is  placed 
in  its  box  <:'.  The  end  e'  of  the  arm  E  is  then  inserted  m 
the  end  of  the  sprmg  and  the  lid  C  then  pressed  upward 
into  its  proper  position,  when  the  perforations  of  the  lugs 
B  and  r'  will  be  in  line  and  the  pin  F  may  then  be  in- 
serted. The  upper  or  bearing  surface  of  the  recess  b' 
should  be  made  to  project  forward  sufficiently  to  prevent 
the  end  e,  of  the  compressing-arm  E,  from  slipping  out ; 
but,  as  an  additional  protection,  the  projecting  hood  c-, 
is  provided,  which  will  prevent  the  arm  E  from  slipping 
out  of  place,  and  also  serves  as  a  shield  to  the  hinge  me- 
chanism. 

The  operation  of  the  device  will  be  readily  understood, 
and  is  illustrated  in  the  diagram.  Fig.  8. 

When  the  lid  C  is  closed,  as  shown  in  Figs,  i  and  2,  the 
face  of  the  lid  is  in  the  line  G  H,  Fig.  8,  and  the  axial  line 
of  the  arm  E  is  represented  by  the  line  J  K,  while  the  line 
K  L  indicates  the  axial  line  or  line  of  pressure  of  the 
spring  D,  the  points  G  and  J  being,  respectively,  the  fixed 
centers  of  the  hinge  and  of  the  bearings  upon  which  the 


ram  E  turns.  As  will  be  seen,  the  spring  D  being  under 
compression,  its  power  is  exerted  in  this  position  to  keep 
the  lid  C  tiglilly  pressed  down  upon  its  seat,  and  the  lid 
can  only  be  opened  by  further  compressing  the  spring. 

G  H'  and  G  H-  are  two  intermediate  positions  of  the 
lid- face  while  being  opened,  the  corresponding  axial  lines 
of  the  arm  E  being  shown  by  the  lines  J  K'  and  J  K-,  and 
of  the  spring  D  by  the  lines  K'  L'  and  K^  L",  while  G  H' 
shows  the  face  of  the  fully  opened  lid,  the  arm  E  being 
then  indicated  by  J  K''  and  the  spring  by  K*  L''.  As  in- 
dicated by  this  diagram,  the  angle  J  K  L  becomes  more 
obtuse  as  the  lid  is  forced  open  until,  after  becoming  a 
straight  line,  the  apex  of  the  angle  reappears  in  the 
reverse  direction  and  the  force  of  the  spring  is  then  ex- 
erted to  open  the  lid  C,  the  shoulders  b''^  and  <r°  serving 
as  stops  to  prevent  the  lid  from  being  too  widely  opened. 
The  pressure  of  the  spring  D  is,  of  course,  sustained  by 
the  hinge-pin  F,  which  is  thus  tightly  clamped  between 
the  lug  D  and  the  lugs  <'  c'.  The  elastic  washer /,  by 
drawing  the  key  /'  tightly  against  the  lug  c'.  also  aids  to 
prevent  the  pin  being  shaken  loose  by  the  motion  of  the 
car. 

The  essential  feature  of  the  invention  consists  of  the 
arrangement  of  the  spring  and  the  compressing-arm  with 
respect  to  the  hinge  and  lid-face,  so  that  an  elastic  toggle- 
joint  will  be  formed  to  keep  the  lid  closed,  and  closed 
and  opened  substantially  in  the  way  indicated. 

The  patent  is  dated  November  i6th,  1886. 


RoUing-Mill  for  Rolling  Fish-Plates. 

William  B.  Parkes,  of  Bay  View,  Wis.,  has  patented  im- 
provements in  rolling-mills.  The  following  is  from  his 
specification  : 

My  invention  relates  to  rolling-mills,  and  is  designed 
for  rolling  angle-irons — such  as  railway  fish-plates  ;  and 
it  consists  in  the  peculiar  construction  and  arrangement 
of  a  train  of  rolls  whereby,  at  one  revolution  a  reduction 
is  had  at  both  ends  of  the  irons,  to  leave  the  greatest 
thickness  at  the  center,  or  that  portion   on   whiih  comes 


ROLLING-MILI.    FOR    kOLMNG   FISH-PL.'ITES. 

the  most  strain,  as  will  be  hereinafter  described  with  re- 
ference to  the  accompanying  drawings. 

Referring  by  letter  to  the  drawings,  A  A  represent 
suitable  standards  having  journaled  therein,  after  the 
usual  manner,  a  pair  of  rolls.  B  C.  the  top  one.  B,  being 
held  down  in  operative  relation  to  the  lower  one  by  means. 
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of  set-screws  D.  The  top  roll,  B,  is  provided  with  one  or 
a  series  of  tongues,  n.  and  the  lower  one.  C,  with  collars 
d.  The  tongues  a  of  the  top  roll  are  inline  vertically  with 
the  grooves  <-,  between  the  collars  /'  of  the  lower  roll,  and 
these  collars  are  likewise  arranged  with  relation  to  re- 
cesses (/,  between  said  parts  <;  of  the  top  roll. 

The  irons  are  rolled  between  the  tongues  n  of  the  top 
roll  and  the  grooves  <  of  the  lower  one.  the  faces  of  these 
opposing  parts  being  of  such  contour  as  logive  said  irons 
the  requisite  outline  after  being  rolled. 

The  tongues  <fof  the  top  roll  are  eccentric  to  thelatter's 
line  of  a.\is.  as  best  illustrated  by  Fig.  2,  the  relative  cen- 
ters of  both  this  roll  and  its  tongues  being  respectively 
shown  by  the  full  line  f  and  dotted  line/  in  said  figure. 

The  collars  /'  on  the  lower  roll  all  have  their  center  on 
the  line  of  a.xis  of  said  roll,  and  the  axial  line  of  both  rolls 
determines  the  centers  from  which  are  struck  the  circum- 
ferences of  the  intervals  between  the  respective  parts  a  /> 
of  said  rolls. 

The  irons  to  be  treated  by  my  improved  rolls  are  first 
formed  in  the  usual  manner,  and  are  of  equal  thickness 
throughout  their  entire  length.  These  irons,  after  being 
suitably  heated,  are  severally  fed  to  the  rolls  B  C,  when 
the  eccentric  tongues  (7  of  the  top  one  are  at  their  great- 
est throw,  and  the  distance  between  them  and  the  grooves 
<■  on  the  lower  one  the  least.  The  end  of  the  iron  first 
engaged  is  reduced  by  the  pressure  exerted  and  the  sur- 
plus metal  forced  tow'ard  the  other  end.  The  pressure 
gradually  diminishes  as  the  throw  of  the  eccentric  tongues 
lessens  until  a  half-revolution  is  accomplished,  when,  as 
the  throw  of  said  eccentric  begins  to  increase,  this  press- 
ure is  correspondingly  increased  until  the  greatest  throw- 
is  again  attained  and  the  iron  passed  out  from  the  rolls. 

The  operation  just  described  leaves  each  iron  thickest 
in  its  center  and  gradually  tapered  therefrom  toward 
each  end,  as  shown  by  Fig.  3.  while  the  pressure  faces  of 
the  rolls  give  said  iron  the  desired  contour,  this  resu  t 
being  accomplished  at  one  revolution  of  the  rolls. 

In  the  manufacture  of  fish-plates.  I  provide  the  eccen- 
tric tongues  a  of  the  roll  B  with  a  bevel,  «',  that  is  also 
eccentric  and  opposes  a  bevel,  d',  and  a  shoulder,  i-,  on 
the  collars  6  of  the  roll  C.  The  blanks  for  the  fish-plates 
are  first  given  their  angular  shape  by  other  rolls,  but  are 
of  equal  thickness  throughout  their  length,  and,  when 
acted  upon  by  my  improved  rolls,  the  bevel  a'  on  the  eccen- 
tric tongues  a,  opposing  the  beveled  and  shouldered  por- 
tions// ^°  of  the  collars /a  act  upon  the  upper  bearing 
part,  ^.  of  said  plates,  so  as  to  give  them  the  greatest 
width  in  the  center  and  a  gradual  taper  therefrom  to  each 
end.  Fig.  5  showing  this  bearing  part  at  its  center  and 
Fig.  4  at  one  end. 

Fig.  I  shows  the  eccentric  tongues  son  the  roll  B  when 
at  their  least  throw,  and  the  space  between  them  and  the 
opposing  grooves  <  on  the  roll  B  the  greatest.  In  this 
figure  I  show  the  rolls  constructed  to  operate  upon  two 
angle-irons  at  one  time  ;  but  this  construction  may  be 
varied  so  as  to  accommodate  a  greater  number. 

Improvements  in  Locomotives  in  France. 


M.  RicouR  refers  to  a  preceding  article  on  the  subject 
in  the  Compte-rendii,  for  June,  1S84,  and  he  now  com- 
municates the  results  of  additional  experience. 
I,  ^  Piston  or  cylindrical  valves  wear  at  the  rate  of  one 
millimeter  for  200,000  kilometers  run  (4^,  inch  for  125,000 
miles),  whilst,  with  the  slide-valve,  the  same  extent  of 
wear  takes  place  after  2,060  miles  are  run,  or  about  one- 
sixtieth  of  the  mileage-run. 

"  The  wear  of  the  valve-gear  is  reduced  in  the  same  pro- 
portion. The  effect  of  the  change  in  reducing  the  con- 
sumption of  fuel  is  proved  b\'  the  returns  made  at  the 
Saintes  station,  which  show  that,  in  the  year  1S82,  when 
all  the  engines  worked  with  slide-valves,  the  coal  con- 
sumed, per  1,000  tons  conveyed  one  mile,  was  266  pounds, 
against  234  pounds  in  the  year  1 884,  when  30  out  of  40 
locomotives  had  been  fitted  with  cylindrical  valves — 
showing  an  economy  of  12  per  cent,  in  fuel. 

The  brick  arch  or  partition,  commonly  erected  in  the 
fire-boxes  of  locomotives  in  England,  has  been  introduced 


on  the  State  railways  of  France.  The  bricks  of  which 
the  partition  is  formed,  are  supported  on  water  tubes, 
rising  from  the  lower  part  of  the  tube-plate  to  the  crown- 
plate,  so  disposed  that  the  partition  takes  the  form  of  the 
letter  V,  and  tends,  by  its  form,  to  direct  the  flame  toward 
the  sides  of  the  fire-box.  The  author  has  made  experi- 
ments on  the  resistance  of  the  atmosphere  to  railway 
trams,  by  means  of  balances  placed  to  the  right  and  to 
the  left  of  the  cab,  or  shelter,  on  the  foot-plate,  having 
disks  of  1  decimeter  (about  4  inches)  square,  and  a  needle, 
showing  the  resistance,  on  a  spring.  The  resistance  varies 
as  the  square  of  the  speed.  At  a  speed  of  44  miles  per 
hour  the  resistance  is  equal  to  10  pounds  per  square  foot. 
The  resisting  surface  of  a  locomotive  with  its  tender,  in 
the  direction  of  motion,  is  about  135  square  feet,  and  the 
total  resistance  at  the  above  rate  would  amount  to 
(135  X  10  =)  1.350  pounds.  This  resistance  could  be  con- 
siderably reduced  by  the  adoption  of  inclined  surfaces, 
which  have  already  been  applied  to  some  engines.  M. 
Ricour  estimates  that  an  increase  of  13  per  cent,  of  useful 
work  would  be  effected  by  their  adoption  ;  and  he  esti- 
mates that,  if  all  the  stock  of  the  State  railways  were 
modified  as  he  has  indicated,  the  cost  of  traction  would 
be  reduced  ^160  per  engine  per  year;  and  the  total  re- 
duction for  all  the  7.000  locomotives  now  in  France, 
would  amount  to  upward  of  one  million  sterling. 

The  Efficiency  of  Electric  Motors. 

A  NUMBER  of  experiments  have  been  made  by  Mr.  W. 
M.  Morday  and  Mr.  C.  Watson,  at  the  factory  of  the 
Anglo-American  Brush  Electric  Light  Corporation,  to 
find  out  the  best  principles  on  which  to  construct  electric 
motors,  and  the  reason  why  the  dynamo,  as  a  motor, 
should  have  a  lower  efficiency  than  when  working  as  a 
generator.  As  given  \vi'Ct\fi  Philosophical  Magazine, x\\at. 
principles  are:  (1)  That  the  magnetic  field  should  be  a 
very  strong,  and  the  armature  a  very  weak  electro-mag- 
net. (2)  In  both  generators  and  motors,  "  lead."  distor- 
tion, or  displacement  of  the  brushes  or  the  magnetic  field 
is  wrong,  and  is  to  be  avoided  by  attention  to  the  (i) 
condition.  If  there  be  any  ■  lead  "  in  dynamos.it  is  in 
the  direction  of  rotation  :  in  motors  it  is  in  the  opposite 
direction,  as  the  course  of  the  current  through  the  arma- 
ture is  reversed,  but  the  field  is  the  same.  (3)  In  both 
generators  and  motors,  absence  of  sparking  at  the  brushes 
depends  mainly  on  the  ( i)  condition  being  complied  with. 
(4)  Reversal  of  rotation.  In  neither  generators  nor  mo- 
tors is  movement  of  the  brushes  necessary.  It  appeared 
from  these  principles  of  construction,  which  are  applicable 
to  both  generators  and  motors,  that  the  lower  efficiency 
of  the  dynamo  as  a  motor  must  be  due  either  to  friction 
at  the  bearings,  air  friction,  and  friction  of  the  brushes 
against  the  commutator  ;  to  loss  of  energy  in  heating  the 
armature  and  field  magnets,  and  to  self-induction;  or  to 
loss  by  the  production  of  eddy  currents  in  the  iron.  From 
the  nature  of  these  probable  causes,  consideration  shows 
that  the  last  is  the  true  one ;  for  in  a  dynamo  the  rotation 
of  the  armature  causes  eddy  currents  to  be  generated  in 
the  iron  core  in  the  same  direction  as  the  conductor 
proper  with  which  the  core  is  surrounded.  Of  course,  as 
the  armature  is  always  more  or  less  subdivided  or  lamin- 
ated in  a  direction  at  right  angles  to  the  lines  of  force, 
any  circulation  of  currents  round  the  core  is  avoided; 
but  local  currents  or  "eddies"  are  set  up.  and  taken  as  a 
whole,  these  eddy  currents  on  the  outside  of  the  core  are 
in  the  same  direction  as  the  current  flowing  in  the  copper 
conductor.  In  an  electric  motor,  however,  the  eddy 
currents  and  the  currents  in  the  copper  conductor  are  in 
opposite  directions,  as  although  the  electromotive  force 
set  up  in  the  conductor  is  in  the  same  direction  in  a 
motor  as  in  a  dynamo,  the  current  in  the  former  is  forced 
through  the  armature  in  a  direction  contrary  to  the  elec- 
tromotive force.  It  will  be  seen  that  while  in  a  dynamo 
the  two  sets  of  currents,  those  in  the  iron  and  those  in 
the  conductor,  tend  to  oppose  and  to  reduce  one  another, 
in  a  motor  they  act  in  such  a  inanner  as  to  mutually  assist 
one  another.  Thus,  with  the  strength  of  field,  the  current 
in  the  conductor  and  the  speed  the  same  in  both  cases, 
the  eddy  currents  in  the  iron  core  of  the  armature  will  be 
greater  than  in  a  generator,  and  the  loss  from  heat  more. 
— Engineering. 
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Thirty-six  Inch  Car-Wheels.— The  Illinois  Ceniral  Rail- 
road will  in  (ulure  use  36  inch  wheels  under  us  cars  and  tend- 
ers. 

Foot-guards  in  frogs  and  switches,  of  a  pattern  which  will 
prevent  men  from  catching  their  feet,  will  be  required  of  all 
Massachusetts  railroads  by  law  after  January  ith,  1887. 

Cable  Road  in  New  York.— The  Third  Avenue  Railroad 
Company  has  opened  a  new  cable  line  in  New  York  City.  It 
is  on  125th  street,  running  from  the  East  to  the  North   Rivers. 

Proposals  have  been  received  by  the  United  States  En- 
gineer in  charge  lor  the  construction  of  jetties  at  the  mouth 
of  the  St.  John's  River  in  Florida,  but  the  contract  has  not  yet 
been  awarded. 

Messrs.  Blackmer  &  Post,  sewer  and  culvert  pipe  manu- 
facturers, have  purchased  12  acres  of  ground  having  a  front- 
age of  2,000  ft.,  on  the  St.  Louis,  Oak  Hill  &  Carondelet 
Railway,  upon  which  to  build  a  new  factory. 

Electric  Brake.— A  train  is  being  fitted  up  on  the  Chicago, 
Burlington  &  Ouincy  Railroad,  with  the  Park  electric  brake. 
This  is  to  be  tested  by  the  committee  on  automatic  brakes  ap- 
pointed by  the  Master  Car-Builders'  Association. 

General  Joint  Car  Inspector. — The  roads  centering  in 
Cincinnati  have  decided  to  appoint  a  general  joint  car  inspect- 
or, who  shall  decide  all  matters  in  dispute  between  the  in- 
spectors of  the  different  roads  as  to  repairs  and  liability  under 
the  interchange  rules. 

Consolidation  Locomotive. — The  first  locomotives  of 
this  class  built  in  Canada— though  not  the  first  in  use  on 
Canadian  roads — have  been  turned  out  of  the  Canadian 
Pacific  shops  at  Montreal.  Four  of  these  engines  have  been 
built,  having  19  X  22  inch  cylinders  and  51-inch  driving 
wheels. 

Hudson  River  Tunnel. — There  is  some  prospect  of  a 
resumption  of  work  on  the  tunnel  under  the  Hudson  River 
between  New  York  and  Jersey  City.  Steam  pumps  are  now 
cleariug  the  old  workings  of  vfater.  As  soon  as  this  is  done 
an  inspection  will  be  made  to  ascertain  the  condition  of  the 
sections  already  built. 

The  Fowler  Steel  Car- Wheel  Company,  of  Chicago,  are 
now  building  on  their  seven-acre  tract,  at  the  north-east  cor- 
ner of  Ninety-fifth  street  and  Stony  Island  avenue,  suitable 
buildings  for  the  manufacture  of  the  Fowler  patent  solid  steel 
wheels.  It  is  expected  the  works  will  be  in  operation  early 
next  spring. 

Torpedo  Boats. — It  is  reported  that  at  Elbing — Schicpau's 
Yard — in  Germany,  at  the  present  time,  torpedo  boats  are  be- 
ing constructed  for  Austria,  Italy,  Russia,  Turkey,  China  and 
Japan,  and  that  through  the  improvements  in  both  boats  and 
engines  those  already  tried  have  attained  a  speed  of  twenty- 
four  knots  an  hour. 

The  New  York,  Danbury  &  Boston  Railroad. — The  con- 
tract for  grading  this  line  has  been  let  to  Heman  Clark  &  Co. 
The  road  is  to  run  from  Danbury,  Conn.,  to  a  connection 
with  the  Suburban  Rapid  Transit  road,  north  of  the  Harlem 
River,  and  is  intended  to  give  the  New  York  &  New  England 
an  independent  line  to  New  York. 

City  Engineer  Artingstall,  of  Chicago,  has  prepared 
plans  for  a  viaduct  over  the  railroad  tracks  at  Western  avenue 
and  Kinzie  street  in  that  city.  The  bridge  is  to  be  of  iron, 
with  stone  piers  and  suitable  approaches,  and  the  estimated 
cost  is  $193,000,  of  which  the  City  will  pay  one-third,  the 
railroad  companies  being  required  to  pay  two-thirds. g 

Haemoglobinometer. — Ernst  Fleischl  Von  Marxow,  of 
Vienna,  has  taken  out  a  patent  in  this  country  for  a  haemo- 
globinometer.' His  invention,  he  says,  "consists  in  a  method 
of  ascertaining  the  relative  or  quantitative  proportion  of  hae- 
moglolin  in  the  blood."  It  is,  perhaps,  well  to  mention  this 
fact,  as  otherwise  his  invention  might  be  mistaken  for  a  new 
kind  of  apple-parer,  clothes-wringer  or  car  coupling. 

The  Chrome  Steel  Works,  of  Brooklyn.  N.  Y.,  have  con- 
cluded to  substitute  gas  for  coal  in  their  heating  furnaces.  It 
will  be  necessary  to  tear  out  their  old  furnaces,  and  put  in  re- 
generators in  their  stead.  The  new  plant  will  be  complete  in 
every  respect,  even  to  apparatus,  for  the  manufacture  of  the 
necessary  gas,  which  will  be  made  on  the  premises.  This 
improvement  will  increase  the  productive  capacity  of  the 
works  twofold. 

The  Knowles  Steam  Pump  Works,  of  New  York,  have 
taken  a  contract  to  supply  the  water  works   of   Cleveland,    O., 


with  compound  condensing  duplex  pumping  engines,  to  pump 
23,000,000  gallons  a  day  against  a  head  of  230  feet,  with  a 
boiler  pressure  not  exceeding  70  lbs.  The  engines  arc  to 
have  high  pressure  cylinders  37  in.,  and  low  pressure  70  in. 
diameter  with  4  ft.  stroke  ;  the  pump  plungers  are  to  be  37 
In.  diameter.     The  contract  price  is  $79,000. 

United  States  Engineer  Corps. — The  following  promotions 
are  reported  :  Captain  James  1".  Gregory,  10  be  Major,  vice 
Gillespie,  promoted.  First  Lieutenant  \Villard  Young,  10  be 
Captain,  vice  Gregory,  promoted.  Additional :  Second  Lieu- 
tenant Charles  S.  Riche.  to  be  Second  Lieutenant,  vice  San- 
ford,  promoted.  Captain  H.  M.  Adams,  and  Second  Lieu- 
tenants W.  M.  Black  and  H.  M.  Chittenden  have  been  ordered 
to  report  at  New  York,  Jan.  10,  to  be  examined  for  promotion. 

Ship  Building  on  the  Lakes. — Statistics  collected  by  the 
Cleveland  /'Ann  /^.vj/tT  show  that  thirty-one  new  boats  will  be 
added  to  the  lake  lleet  next  spring,  having  an  average  carrying 
capacity  of  a  little  over  2,000  tons  each.  All  except  two  of 
them  will  be  large  steamers,  and  they  represent  a  combined 
carrying  capacity  of  65.750  gross  tons,  built  at  a  cost  of  over 
$4,000,000.  Eleven  of  the  finest  of  these  boats  are  now  under 
way  in  Cleveland,  and  in  them  Cleveland  capitalists  will  in- 
vest $1,500,000. 

Westinghouse  Building.— Ground  has  been  purchased  at 
the  intersection  of  Penn  Ave.  and  Ninth  street,  Pittsburgh, 
for  the  erection  of  an  edifice  to  be  called  the  "Westinghouse 
Building."  The  structure  will  cost  $200,000  and  is  to  be  com- 
pleted by  July  I,  1SS7.  It  will  be  eight  stories  high  and  will 
contain  the  general  offices  of  the  Westinghouse  Air  Brake 
Co.  ;  the  Westinghouse  Machine  Co.  ;  the  Westinghouse 
Electric  Light  Co.;  the  Union  Switch  i:  Signal  Co. ;  the 
Safety  Appliance  Co.,  and  the  Philadelphia  Gas  Co. 

Port  Henry,  Essex  Co.,  N.  Y.— The  Bay  State  Furnaces, 
which  have  been  for  about  5  years  unused,  have  recently  been 
purchased  by  Messrs.  Witherbees,  Sherman  &  Co..  who  own 
large  iion-ore  mines  in  town,  besides  a  broad-gauge  railroad 
from  here  to  Mineville,  where  their  mines  are  situated.  About 
50  men  are  putting  the  works  in  shape,  and  the  production  of 
pig-iron  will  be  resumed  as  soon  as  possible.  The  furnaces 
are  situated  on  the  track  of  the  D.  &  H.  C.  Co.'s  R.  R.  They 
were  built  about  40  years  ago  by  a  Boston  company. 

Arsenals  and  Shipyards  for  China. — The  late  director- 
general  of  the  John  Cockerill  Company,  Baron  Sadoine,  is 
proceeding  to  China,  as  is  said  in  some  quarters  by  invitation 
from  one  of  the  most  influential  and  powerful  persons  in  the 
country,  to  consult  about  the  establishment  of  very  extensive 
arsenals  and  shipbuilding  yards.  This  may  or  may  not  be.  He 
will,  however,  find  that  the  French  have  anticipated  him  in 
these  two  matters  ;  but  at  any  rate,  he  goes  in  the  interest  of 
Belgian  industry,  and  the  masters  of  works  expect  great 
results  from  his  mission. 

System  of  Conveying  Natural  Gas. — The  interference 
case  of  W.  D.  Hartupee  against  George  Westinghouse,  Jr., 
and  John  Nicholson  Jr.,  in  the  matter  of  priority  of  inven- 
tion of  the  double-pipe  system  of  conveying  natural  gas  to 
consumers  has  been  decided  by  the  Commissioner  of  Patents 
and  Chief  Examiner  in  favor  of  Hartupee.  It  is  said  that  a 
great  deal  of  money  is  involved,  as  a  number  of  companies 
have  been  paying  royalty  to  Westinghouse  for  the  use  of  his 
system.  The  decision  is  that  of  an  examiner  in  the  Patent 
Office  and  is  not   final. 

Petroleum  Engine. — A  7V«;«  (London)  telegram  calls  the 
attention  of  the  British  Government  to  a  new  petroleum  en- 
gine invented  by  Herr  Siegfried  Marcus,  of  Vienna,  and 
which  he  is  supplying  to  the  German  navy  for  its  torpedo 
boats.  The  machine  is  set  in  motion  by  electro-magnetism. 
It  has  far  more  power  than  a  steam  engine  of  the  same 
size,  is  less  liable  to  derangement,  and  is  not  subject  to  ex- 
plosions. Moreover,  the  fuel  which  feeds  it  takes  up  much 
less  space  than  coal.  All  the  experiments  made  with  this  en- 
gine have  been  satisfactory. 

A  Remarkable  Accident  occurred  on  the  Pittsburgh,  Cin- 
cinnati &  St.  Louis  road,  in  Pittsburgh,  on  the  morning  of 
November  18th.  As  a  train  was  approaching  the  city,  a 
landslide,  starting  over  100  ft.  above  the  track,  rolled  down 
the  steep  hillside  and  struck  the  rear  cars  of  the  train,  wrecking 
two  sleeping-cars  and  injuring  nearly  everyone  in  them.  The 
road  at  this  point  runs  at  the  foot  of  the  hill  and  near  the 
river,  but  it  has  been  built- over  30  years  and  was  considered 
perfectly  safe.  Heavy  rain  had  softened  and  loosened  the 
earth  near  the  top  of  the  hill,  however,  and  a  slide  started, 
with  little  or  no  warning. 

The  Croton  Aquednct. — The  contractors  on  the  new 
Croton  Aqueduct  for  New  Y'ork  City,  during  the  year  ending 
December    ist,    completed    14.84   miles    of   the    work.       This 
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makes  20  37  miles  now  completed,  leaving  9.41  miles  still  to 
be  built.  Of  the  78,361  feet  reported  as  finished  last  year, 
Brown.  Howard  &  Co.  built  34,308  feet;  O'Brien  &  Clark, 
25,740  feet  ;  Heman  Clark,  15,272  feet  ;  and  John  Urunton  & 
Co.,  3,041  feet.  The  Aqueduct  Commission  has  appointed 
Messrs.  George  S.  Greene,  J.  J.  R.  Croes  and  James  B. 
Francis  a  commission  to  report  on  the  practicability  of  the  pro- 
posed dam  and  storage  reservoir  at  Quaker  Bridge. 

The  Engineers'  Club  of  St.  Louis,  at  its  December 
meeting,  listened  to  and  discussed  an  elaborate  paper  on  the 
"  Economic  Co-efficient  of  the  Shunt  Dynamo,"  by  Prof.  F. 
E.  Nipher.  The  paper  gave  a  mathematical  discussion  of  the 
theory  of  the  efficiency  of  this  class  of  machines,  and  showed 
the  conditions  under  which  a  maximum  was  reached.  The 
life  and  resistance  of  incandescent  lamps  was  also  discussed. 
The  club  appointed  a  committee  of  five  to  consider  the  subject 
of  a  closer  connection  of  existing  engineering  societies,  with 
a  view  to  forming  a  generator  federal  organization. 

Consolidated  Petroleum. — The  German  correspondent  of 
The  Snghit-er  says  :  "Trials,  which  appear  to  warrant  success, 
have  been  made  here  for  hardening  or  consolidating  petroleum 
and  naphtha,  for  the  convenience  of  overland  transport.  The 
material— at  present  kept  secret — by  which  this  is  accom- 
plished is  a  well-known  commercial  article.  It  is  true  that  it  costs 
two  and  a-half  times  as  much  as  the  petroleum  ;  but  it  is  not 
lost  by  the  process,  as  it  is  regained.  The  advantages  claimed 
are  that  no  evaporation  takes  place,  and,  consequently,  that  no 
explosions  can  occur,  and  that  there  is  a  great  gain  in  freight  ; 
for  instance,  between  Hamburg  and  Vienna,  70  per  cent." 

A  bridge  which  recently  gave  way  on  the  Brattleboro  lS: 
Whitehall  road  in  Vermont,  is  to  be  replaced  by  a  heavier  one, 
built  by  the  Vermont  Construction  Company,  of  St.  Albans, 
Vt,  The  road  is  narrow-gauge,  and  the  bridge  which  failed 
was  designed  to  carry  rolling-stock  of  the  lightest  kind.  As 
has  been  the  case  on  some  other  roads  of  this  kind,  however, 
the  weight  of  the  equipment  was  gradually  increased  until  the 
cars  were  made  to  carry  loads  nearly  as  heavy  as  standard- 
gauge  cars,  the  result  being  a  serious  accident  from  the  failure 
of  the  bridge.  The  company  has  taken  warning,  and  a  second 
bridge,  which  is  still  in  use,  is  also  to  be  replaced  by  a  heavier 
structure. 

Water  Rights  in  New  Jersey. — It  is  a  fact  not  generally 
known  that  for  some  time  past  there  has  been  quietly  going 
on  a  process  of  absorption  of  the  water  rights  of  the  moun- 
tain lakes  and  streams  of  Northern  New  Jersey.  Much  of 
this  has  been  done  under  a  general  law  of  the  State,  authoriz- 
ing the  formation  of  water  companies,  and  it  has  been  done, 
probably,  largely  with  a  view  to  the  future  profit  which  is  sure 
to  accrue  to  the  owners  of  the  water  supply  which  will,  at  no 
distant  day,  be  needed  by  the  many  towns  and  villages  of  that 
section  of  the  State.  Nearly  all  of  them  are  growing 
rapidly,  and  very  few  have  a  supply  of  water  at  all  suited  for 
their  future  needs. 

An  Extraordinary  Accident  occurred  on  board  the  Red 
Star  steamship  Iffslfrnlaiid  upon  her  recent  voyage  from 
Antwerp  to  New  York.  A  double  sea  rose  in  front  of  the 
vessel,  came  up  over  her  bows,  and  down  in  a  solid  mass  upon 
the  middle  of  the  forward  turtledeck,  breaking  it  in  and  killing 
six  persons — four  sailors  and  two  immigrant  passengers — and 
injuring  more  or  less  seriously  fourteen  others,  six  of  them 
sailors.  She  sailed  from  Antwerp  on  November  20,  under 
command  of  Capt.  Randle,  with  69  cabin  and  574  steerage 
passengers.  A  subscription  of  2,000  francs  was  made  by  the 
passengers  for  the  benefit  of  the  families  of  the  men  who  were 
killed. 

Electric  Lights  in  Collieries.— In  the  collieries  of  Wales, 
the  correspondent  of  The  Engineer  says  there  has  lately  been 
considerable  growth  of  the  use  of  the  electric  light.  It  was  first 
tried  at  the  Mardy  Colliery,  and  lately  introduced  to  the  stables 
and  main  levels  of  one  of  the  Plymouth  company's  pits.  Now 
the  whole  question  has  been  brought  in  a  masterlv  manner  be- 
fore the  notice  of  the  South  Wales  Institute  of  Engineers,  by  : 
Mr.  Hann,  one  of  the  Powell  Duffryn  managers.  Mr.  Hann's 
theory  was  to  have  no  naked  light  in  the  colliery  at  all,  but  to 
light  the  miners'  lamps  by  electricity  from  accumulators  in  the 
collierv.  The  meeting  listened  favorably  to  the  details  of 
the  patent,  and  it  was  decided  by  several  coal-owners  present 
to  try  the  plan. 

Steaiiless  Road  Loconstives. — In  order  to  render  invis- 
ible the  escape  steam  of  tramway  and  other  locomotives,  Mr. 
R.  C.  Parsons,  of  Leeds,  provides  in  a  boiler  of  the  locomo- 
tive type  two  sets  of  tubes,  the  one  set  of  comparatively  small 
diameter,  and  the  other  set  of  larger  diameter,  each  set  being 
capable  of  being  more  or  less  closed  at  the  smoke-box  end  of 
the  boiler  by  suitable  slides  or  valves  under  the  control  of  the 


driver.  When  the  driver  observes  that  the  steam  issuing  from 
the  chimney  is  more  or  less  visible,  he  closes  more  or  less 
the  small  tubes  and  opens  more  or  less  the  large  tubes,  thus 
admitting  to  the  smoke-box  a  greater  amount  of  heat  from  the 
fire,  which  has  the  effect  of  rendering  the  steam  invisible. — 
Industrial  Revie:v. 

Boston  Passenger  Stations. — An  important  engineering 
work  now  under  consideration  in  Boston  is  the  consolidation 
and  rearrangement  of  the  passenger  stations  for  the  railroads 
entering  the  city  from  the  north,  the  principal  objects 
being  to  provide  increased  accommodations  and  to  avoid  the 
numerous  crossings  now  existing,  where  the  roads  cross  each 
other  at  grade.  No  definite  plan  has  yet  been  adopted,  but 
it  is  suggested  that  a  new  station  for  the  Boston  &  Maine 
and  the  Eastern  roads  be  built  at  Haymarket  Square,  with  an 
entrance  by  elevated  tracks,  and  that  the  existing  Boston  & 
Lowell  station  be  utilized.  There  are  many  conflicting 
interests,  and  the  work  of  preparing  plans  to  unite  all  is  not 
an  easy  one. 

Deflection  of  Railway  Bridges. — A  novel  method  of 
measuring  the  deflection  of  railway  bridges  has  been  tried  in 
Russia.  An  iron  pipe  1]/^  in.  in  diameter  was  carried  along 
the  outside  of  one  girder.  From  this  pipe,  at  each  abutment, 
at  the  pier,  and  at  five  intermediate  points  on  each  span,  ver- 
tical pipes  of  the  same  diameter  branched  out.  Inside,  and 
near  the  top  of  each  vertical  pipe,  was  fixed  a  graduated  ^  in. 
glass  tube,  the  iron  pipe  being  cut  away  on  both  sides.  The 
zero  divisions  on  the  tubes  were  all  the  same  distance  above 
the  flange  of  the  girder.  Before  the  bridge  was  loaded  the 
apparatus  was  filled  with  water,  the  tops  of  the  upright  pipes 
covered  over,  and  the  water  was  then  drawn  off  until  it 
stood  at  zero  in  each  gauge.  On  the  bridge  being  loaded 
the  deflection  could  be  read  with  ease. 

Cable  Road  for  Third  Avenue. — It  has  been  decided  by 
the  directors  of  the  Third  avenue  horse  railroad  in  New  York 
to  lay  a  cable  for  the  whole  of  their  lines.  Those  directors  who 
had  been  somewhat  favorably  disposed  toward  electrical  motors 
agreed  that  these,  though  desirable,  were  not  yet  in  shape  for 
practical  use  and  that  the  cable  was  the  most  available  system 
for  the  present.  Even  if  electricity  should  be  found  suitable 
for  use  a  few  years  hence,  they  said  the  substitution  of  it  for 
the  traction  system  could  be  easily  accomplished.  It  was 
agreed  that  before  deciding  upon  any  particular  style  of  road  a 
committee  should  make  a  careful  study  of  the  matter,  visit 
Philadelphia,  Chicago.  San  Francisco  and  all  other  large  cities 
employing  the  cable  svstem,  and  report  to  the  board.  Robert 
W.  Taller,  William  'Remsen  and  Silvanus  S.  Riker  were 
appointed  on  this  committee,  and  they  will  enter  upon  their 
duties  at  once.  To  change  the  line  as  the  company  proposes 
to  do  will  cost  about  $1,500,000. 

The  Tay  Bridge,  according  to  the  report  of  the  North 
British  Railway,  is  nearly  completed.  The  plans  of  Mr. 
Barlow,  as  engineer,  were  approved  by  the  directors  in 
March,  iSSi,  the  fall  of  the  original  bridge  having  happened 
on  December  2Sth,  1879.  The  new  bridge  provides  four 
spans  of  245  feet  each,  for  the  navigation  of  the  river,  wiih  a 
clear  headway  of  62  feet  instead  of  88  feet  as  in  the  old 
bridge  ;  the  bridge  is  on  a  uniform  gradient  of  i  in  180, 
while  the  old  bridge  had  gradients  as  sharp  as  i  in  74.  North 
of  the  navigable  spans  are  now  iS  spans,  instead  of  9  as 
formerly,  with  the  track  above  the  girders.  The  piers  are 
concrete  and  brickwork  up  to  8>^  feet  above  high  water,  and 
above  that  ihey  are  made  of  riveted  wrought-iron  ;  the  bridge 
terminates  at  each  end  in  brick  arches.  The  contract  for  the 
new  viaduct  was  let  in  1882  ;  the  total  expenditure  on  the 
new  work,  including  the  removal  of  the  wreck  and  old  piers, 
will  not  fall  short  of  $5,000,000. 

The  Lappin  Brake  Shoe  Company  has  been  organized 
with  a  capital  of  $1,000,000,  to  manufacture  the  Lappin  brake 
shoe  and  improved  Christie  head.  Its  officers  are  W.  F. 
Collins,  president  ;  Thomas  Milburn,  treasurer,  and  W.  S. 
Dehart,  secretary.  A  foundry.  Sox  loofeet,  is  nearly  completed 
at  Bloomfield,  N.  J.,  and  it  is  expected  to  begin  to  fill  orders 
in  a  few  weeks.  The  shoe  is  cast  in  one  piece,  but  with  alter- 
nating sections  of  chilled  and  soft  iron.  The  soft  sections, 
when  cast,  project  about  %  inch  beyond  the  hard  sections. 
The  soft  portions  take  the  first  wear,  and  as  they  wear  down 
the  shoe  becomes  accurately  fitted  to  the  wheel.  The  chilled 
sections  give  the  shoe  great  durability.  In  the  improved 
Christie  head  the  four  bearing  points  of  the  head  are  cast  on 
a  stationary  chill.  This  case-hardens  the  bearings,  produc- 
ing increased  durability.  It  also  insures  uniformity.  The 
foundry  will  have  a  capacity  of  25  tons  per  day,  and  it  is  intend- 
ed to  erect  other  foundries  at  the  larger  railway  centers 
throughout  the  country.  The  offices  of  the  company  are  at 
239  Broadway,   New  York. 
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The  Old  Colony  Railroad  Company,  in  its  last  annual 
report,  notes  the  fact  that  the  heaviest  expenditures  for  im- 
provements during  the  year,  have  been  made  with  the  view 
of  dispensing  with  highway  grade-crossings.  At  several 
points  the  grade  of  the  highways  has  been  changed  and  bridges 
built  over  the  track,  while  at  one  point  a  road  is  to  be  carried 
under  the  track,  at  a  considerable  expense.  Other  Massa- 
chusetts roads  are  doing  some  work  in  the  same  direction,  but 
the  Old  Colony  is,  apparently,  the  first  company  to  fully 
recognize  and  accept  the  fact  that,  in  a  thickly  settled  section 
like  Eastern  Massachusetts,  grade-crossings  are  a  dangerous 
nuisance,  which  cannot  be  permitted  to  exist  much  longer. 
The  Massachusetts  Railroad  Commissioners  have  taken  this 
view  for  several  years  past,  and  have,  so  far  as  their  powers 
extended,  steadily  refused  to  authorize  new  grade-crossings, 
and  have  urged  the  abolition  of  existing  ones  wherever  pos- 
sible 

The  Pennsylvania  Railroad  Company  has  prepared  plans 
for  the  elevation  of  its  passenger  tracks  through  Jersey  City, 
with  a  view  to  the  abolition  of  the  many  dangerous  street- 
crossings  in  that  city.  From  the  eastern  end  of  the  cutting 
through  Bergen  Hill,  an  iron  viaduct,  about  25  feet  above  the 
street  level,  will  carry  the  tracks  to  Henderson  street.  At 
this  point  the  grade  will  begin  to  descend  toward  the  ferry, 
and  the  road  will  be  an  earth  embankment  enclosed  in  ma- 
sonry walls,  the  streets  being  carried  underneath  the  embank- 
ment by  arched  tunnels.  One  street  is  to  be  closed  entirely, 
provided  the  necessary  authority  is  obtained.  The  company 
is  ready  to  begin  work  on  this  improvement  as  soon  as  the 
City  Council  approves  the  plans.  The  only  obstacle  appears 
to  be  some  local  opposition  to  the  closing  of  Greene  street, 
but  this  street  is  already  so  blocked  by  the  constant  passage 
of  trains  and  yard  engines  as  to  be  passable  only  with  much 
delay  and  great  danger.  No  plan  can  be  devised  for  keeping 
it  open  which  does  not  require  the  raising  of  the  passenger 
station  and  yards,  the  expense  of  which  would  be  so  enormous 
as  to  make  it  impracticable. 

Water  Supply  of  Newark. — The  cities  of  Newark  and 
Jersey  City,  N.  J.,  which  draw  their  water  supply  from  the 
Passaic  River,  are  not  at  all  satisfied  with  the  present  con- 
dition of  affairs.  There  has  been  in  existence  for  some  time 
a  Joint  Board  on  Water  Pollution,  appointed  by  the  Water 
Commissioners  of  the  two  cities,  and  this  Board  reports  in- 
creasing trouble  with  manufacturers  and  others.  The  Passaic 
supply  is  abundant  in  quantity,  but  the  existence  of  the  large 
city  of  Paterson  on  the  river,  only  some  lomiles  above  the  point 
where  the  Newark  and  Jersey  City  supply  is  taken,  and  the 
presence  on  the  river  and  its  tributaries  of  many  manufactur- 
ing villages  and  a  dense  population,  make  it  a  difficult  matter 
to  prevent  such  pollution  of  the  water  as  shall  render  it  alto- 
gether unfit  for  use.  The  upper  water-shed  of  the  Passaic 
is  a  mountain  region,  which  gives  a  water  supply  of  excellent 
character  ;  the  trouble  arises  altogether  from  the  large  popu- 
lation of  the  country  bordering  on  the  lower  portion  of  the 
river.  Many  plans  have  been  proposed  for  avoiding  the 
present  difBculty,  but  unfortunately  no  other  supply  is  availa- 
ble for  the  cities,  which  does  not  require  the  construction  of 
long  aqueducts  at  a  great  expense. 

Inspection  of  Boilers  in  the  British  Navy. — According  to 
the  new  instructions  of  the  Admiralty,  boilers  of  all  ships  in 
commission  are  to  be  examined  and  drill-tested  from  time  to 
time  during  the  commission,  by  an  engineer  officer  other  than 
the  officer  in  whose  charge  they  are.  The  detailed  results  of 
the  examination,  together  with  a  statement  showing  the  previ- 
ous treatment  of  the  boilers,  are  to  be  forwarded  to  the  Admi- 
ralty. Copies  are  also  to  be  furnished  to  the  inspector  of 
machinery  on  the  station  and  to  the  chief  engineer  of  the  flag- 
ship. Unless  the  examining  officer  thinks  it  necessary,  not 
more  than  one  boiler  in  four  need  be  drilled  for  thickness, 
preference  being  given  to  those  which  are  deemed  to  be  most 
worn  ;  but  all  the  boilers  are  to  be  examined,  and  separate 
detailed  reports  are  to  be  forwarded  for  each  boiler  drilled. 
Should  there  be  any  defects  in  the  boilers,  internal  or  external, 
or  symptoms  of  corrosion,  the  report  is  to  state  what  they  are, 
and  the  steps  that  are  being  taken  to  make  good  the  defects  or 
arrest  corrosion.  The  boilers  are  to  be  drilled  during  the  time 
the  ship  is  in  commission  at  intervals  of  not  less  than  eighteen 
months,  nor  more  than  two  years,  and  the  first  drill  test  is  to 
be  made  as  soon  as  convenient  after  the  ship  has  been  eighteen 
months  in  commission.  When  a  ship  is  ordered  to  be  com- 
missioned her  boilers  are  to  be  drilled  either  before  she  is 
commissioned,  or  as  soon  afterwards  as  may  be  convenient. 
The  boilers  of  ships  attached  to  the  home  ports,  where  there 
is  a  Steam  Reserve,  will  be  drill  tested  by  the  officers  of  the 
Steam  Reserve.  The  boilers  of  ships  of  the  First  Reserve  will 
be  drill  tested  by  the  dockyard  officers,  when  in  hand  for  the 
annual  reft. 


PERSONALS. 


Mr.  H.  R.  Holbrook  has  been  appointed  Chief  Engineer  of 
the  projected  Pueblo  &  Eastern  road.  His  office  is  at  Pueblo, 
Col. 

Mr.  Eliot  C.  Clarke,  recently  Chief  Engineer  of  the  Massa- 
chusetts Drainage  Commission,  has  been  appointed  Treasurer 
of  the  Booth  Cotton  Mills,  at  Lowell,  Mass. 

Mr.  Charles  W.  Irish,  a  railroad  engineer  of  long  experi- 
ence, has  been  appointed  by  the  President,  Surveyor  General  of 
Nevada. 

Prof.  Rossiter  W.  Raymond  has  been  appointed  as  an 
expert  to  examine  the  lighting  and  ventilation  of  the  new 
Croton  Aqueduct  tunnel. 

Mr.  George  R.  Hardy,  la'e  of  the  Boston  &  Albany,  has 
been  appointed  Assistant  Chief  Engineer  of  the  Lake  Shore 
&  Michigan  Southern  road. 

Mr.  Walters.  Keen  is  appointed  Engineer  of  the  Western 
Division  of  the  Norfolk  &  Western  road,  in  place  of  Mr.  H.  H. 
G.  Handy,  assigned   to  other  duty. 

Mr.  Thomas  B.  Russam,  late  chief  draughtsman,  is  now 
acting  Master  Mechanic  of  the  Central  Railroad  of  New  Jer- 
sey, in  place  of  William  Woodcock,  deceased. 

Mr.  Robert  Narland  Brown,  at  one  time  Assistant  En- 
gineer, and  afterward  Division  Superintendent  of  the  Erie 
Railway,  died  Nov.  16,  at  Wiesbaden,  Germany,  aged  70 
years. 

Col.  James  Boon,  an  extensive  railroad  contractor,  and 
father  of  Mr.  James  M.  Boon,  Superintendentof  Motive  Power 
of  the  West  Shore  road,  died  in  Lancaster,  Pa.,  Dec.  13,  aged 
83  years. 

Mr.  Walter  Shepard,  has  been  appointed  Assistant  Chief 
Engineer  of  the  Boston  &  Albany  road,  to  succeed  Mr.  George 
R.  Hardy,  who  has  gone  to  the  Lake  Shore  &  Michigan 
Southern. 

Mr.  E.  F.  Smith  has  been  appointed  Superintendent  and 
Engineer  of  Canals  of  the  Philadelphia  &  Reading  Railroad 
Company.  There  has  been  a  regular  change  and  reassign- 
ment among  the  division  engineers  of  that  company. 

Mr.  John  A.  Grant,  formerly  Chief  Engineer,  and  for  a 
time  General  Supenntendent  of  the  Louisville,  New  Orleans 
&  Texas  road,  has  been  appointed  General  Manager  of  the 
Texas  &  Pacific  in  place  of  George  Noble,  deceased. 

Mr.  L.  B.  Davies,  now  a  resident  of  Columbus,  O.,  claims 
to  have  designed  and  put  in  use  the  first  locomotive  pilot  or 
cow-catcher  of  the  pattern  now  generally  adopted.  His  first 
pilot  was  put  on  an  engine  on  the  Columbus  &  Xenia  road  in 
1853,  Mr.  Davies  being  at  that  time  Master  Mechanic  of  the 
road. 

Mr.  J.  G.  Osborne,  formerly  Assistant  Engineer,  and  lately 
Trainmaster  of  the  New  River  Division  of  the  Norfolk  & 
Western  road,  has  been  relieved  of  his  duties  and  placed  in 
charge  of  a  preliminary  survey  for  an  extension  of  the  line 
to  the  Ohio  River. 

Mr.  John  B.  Root,  the  inventor  of  the  Root  sectional 
boiler  and  of  other  mechanical  devices,  died  at  his  residence 
in  Portchester,  N.  Y.,  December  nth,  aged  56  years.  Mr. 
Root  was  an  active  member  of  the  American  Society  of  Me- 
chanical Engineers. 

Mr.  Jacob  Johann,  First  Vice-President  of  the  Master  Me- 
chanics' Association,  and  one  of  its  best-known  members, 
leaves  the  Chicago  &  Atlantic  road  to  become  Superintendent 
of  Motive  Power  and  Rolling  Stock  of  the  Texas  &  Pacific. 
Mr.  Johann's  office  will  be  at  Marshall,  Texas. 

Mr.  Alfred  W.  Fiske,  who  died  in  Pottsville,  Pa.,  Nov.  30, 
aged  66  years,  was  for  a  number  of  years  Manager  of  the 
Fishbach  Rolling  Mill  and  the  Pioneer  Furnace  at  Pottsville. 
He  was,  from  1868  to  1873,  General  Manager  of  the  Northern 
Central  Railway. 

Mr.  Gilbert  C.  Breed,  who  died  in  Louisville,  Ky.,  Nov. 
17,  was  for  many  years  a  railroad  engineer.  His  first  service 
was  in  New  York,  where  he  was  employed  in  the  location  and 
building  of  the  Rochester  &  Niagara  Falls,  and  other  lines. 
Subsequently  he  was  assistant  engineer  in  the  location  of 
what  is  now  the  main  line  of  the  Wabash,  and  in  1856.  went 
to  Kentucky,  where  he  became  Chief  Engineer  of  the  Mem- 
phis, Clarksville  &  Louisville  road,  now  part  of  the  Louisville 
&  Nashville.  He  was  also  connected  for  a  time  with  the 
Nashville  cS:  Decatur,  and  the  Nashville,  Chattanooga  &  St. 
Louis  roads.  For  some  ten  years  past  his  work  has  been  in  the 
operating  department  entirely,  and  some  months  ago  he  re- 
tired from  work  altogether. 


40 


THE     RAILROAD     AND 


[  January, 


|tZflnufflrtnrps> 

(Copyrighted  by  ilic  Rogers  Locomotive  K  Machine  Works] 

THE    ROGERS    LOCOMOTIVE    AND    MACHINE 

WORKS. 

This  company  has  just  published  a  new  descriptive 
catalogue  of  locomotives  built  in  its  shops,  which  con- 
tains an  account  of  the  origin  and  history  of  this  estab- 
lishment, and  of  what  may  be  called  the  mechanical 
evolution  of  the  locomotive  in  these  works.  The  first 
portion  of  this  has  been  reprinted  from  advanced  sheets 
in  the  American  Railroad  Journal  during  the  last 
half  of  1886.  Owing  to  the  consolidation  of  that  journal 
with  Fan  Nostrand's  Engineering  Magazine,  it  has  been 
thought  desirable  to  republish  that  portion  of  the  history 
and  origin  of  the  Rogers  Locomotive  &  Machine  Works, 
which  has  already  appeared  in  the  American  Railroad 
Journal,  in  the  consolidated  publication,  in  order  that 
all  its  readers  may  have  the  history  complete. 
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!  founded 
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The  Rogers  L 
by  Thomas  Rogers 

town  of  Groton,  in  New  London  County,  Connecticut.  He 
died  in  New  York  City,  April  19th,  1856.  He  served  in  the 
war  of  1812,  and  was  a  lineal  descendant  of  Thomas  Rogers, 
one  of  the  Pilgrim  Fathers  who  came  over  to  this  country 
from  England  in  the  Mayflower.  At  the  age  of  sixteen  he  was 
apprenticed  to  learn  the  trade  of  a  house  carpenter,  and  in  the 
summer  of  iSi2  he  removed  to  Paterson,  N.  J.,  then  a  small 
village,  which  at  that  time  was  very  prosperous  on  account  of 
the  demand  for  American  manufactures  brought  about  by  the 
war  with  Great  Britain. 

At  this  time,  he  was  employed  as  a  journeyman  carpenter, 
and  was  noted  for  his  constant  application  to  business,  good 
judgment,  and  force  of  character.  A  few  years  afterward. 
Captain  Ward,  who  had  been  traveling  in  Europe,  where  he 
had  seen  the  power-loom  in  operation,  came  to  Paterson  for 
the  purpose  of  introducing  the  manufacture  of  cotton  duck. 
Mr.  Rogers  was  employed  to  make  the  patterns  for  these 
looms.  He  very  soon  understood  their  construction  and 
recognized  their  value,  and  bought  from  Captain  Ward  the 
patent-right  for  making  them. 

In  1S19,  he  associated  himself  with  John  Clark,  Jr.,  under 
the  firm  name  of  Clark  &  Rogers.  They  commenced  work  in 
the  basement  story  of  the  Beaver  Mill,  a  building  which  at  an 
early  day  had  been  put  up  by  Mr.  Clark's  father.  Shortly 
afterwards,  Mr.  Rogers  visited  Mexico,  where  he  received  large 
orders  for  looms,  etc.  In  1820,  the  firm  moved  into  the  little 
Beaver  Mill,  and  in  the  following  year  took  into  partnership 
Abraham  Godwin,  Jr.,  and  the  firm  name  was  then  changed  to 
Godwin,  Rogers  &  Co.  They  then  commenced  spinning  cot- 
ton, and  building  machinery  for  that  and  other  purposes. 

In  1822,  finding  their  accommodations  too  limited,  they 
leased  Collett's  Mill  and  moved  into  it.  Their  business  con- 
tinued to  increase,  the  number  of  persons  employed  being 
sometimes  as  high  as  200.  The  establishment  continued  to 
prosper  until  the  summer  of  1831.  In  the  latter  part  of  June 
of  that  year  Mr.  Rogers  withdrew,  and  took  with  him  $38,000 
as  his  share  o(  the  profits  of  the  firm. 

He  then  took  a  mill-site  on  the  upper  raceway  in  Paterson. 
and  immediately  commenced  the  erection  of  the  "Jefferson 
Works,"  which  were  finished  and  put  in  operation  before  the 
close  of  the  following  year.  The  location  and  building  of  the 
"Jefferson  Works"  was  literally  an  encroachment  on  the  for- 
est. On  the  upper  race  no  factories  had  been  put  up,  except 
two  little  cotton  mills  and  a  small  machine  shop,  the  latter 
owned  by  Messrs.  Paul  &  Beggs.  Between  Spruce  and  Mill 
streets,  all  was  swamp  covered  with  pines. 

It  was  the  intention  of  Mr.  Rogers  to  devote  the  lower  stor- 
ies of  the  "  Jefferson  Works"  to  building  machinery,  and  the 
upper  stories  to  spinning  cotton.  The  latter  was,  however, 
never  commenced,  as  the  demand  for  machinery  increased  so 
fast  that  the  whole  of  the  new  building  was  devoted  to  that 
branch  of  the  business. 

In  the  early  part  of  1832,  he  associated  with  himself  Messrs. 
Morris  Ketchum  and  Jasper  Grosvenor,  of  New  York,  the 
name  of  the  firm  being  Rogers,  Ketchum  &  Grosvenor. 


In  that  year  the  railroad  from  Jersey  City  to  Paterson  was 
approaching  completion,  and  the  iron  work  for  the  bridges  over 
the  Passaic  and  Hackensack  rivers  had  been  made  by  Mr. 
Rogers.  An  order  was  also  executed  for  one  hundred  sets  of 
wheels  and  axles  for  the  South  Carolina  Railroad,  of  which 
Mr.  Horatio  Allen  was  the  chief  engineer.  A  short  lime  be- 
fore, Mr.  Allen  had  visited  England  to  get  information  about 
the  use  of  locomotives  on  railroads,  and  at  the  time  he  ordered 
the  work  for  the  South  Carolina  Railroad  he  recommended 
Mr,  Rogers  to  undertake  the  construction  of  locomotives. 

In  the  following  letter,  written  more  than  fifty  years  after 
the  event,  Mr  .\llen  describes  his  interview  with  Mr.  Rog- 
ers ; 

Sim  (ir  .M.t.  N.  J.,  December  ',ist,  1884. 
I'  ill-- country  was  done  by  the 

\"         I  ^  entrusted  the  order  for 

I,  ,  and  other  work  for  that 

1,  .1-1  require  works  specially 

I    iisiruriinii  it  tilt- rnllitii^-siock  up  to  the  locomotives,  I 

:  \,  in  the  spring  of  .1830,  from  the  South  Carolina  Railroad 

'I  I  Ml- works  which,  in  position,  instrumentalities,  and  pre- 

1  II     I:  > iionditionto  undertake  and  were  willing  to  undertake 

■■Thu  rcsuli  111  inquiries  to  the  end  in  view  led  me  to  call  on  Rogers, 
Ketchum  &  Grosvenor,  a  firm  then  engaged  in  the  manufacture  of  ma- 
chinery for  cotton  and  woolen  mills,  whose  works  were  at  Paterson,  N.  J. 

"  At'  these  works  I  called,  and  asked  an  interview  with  Mr.  Rogers,  the 
partner  having  charge  of  all  the  mechanical  operations  of  the  Itrm.  It  was 
without  any  letter  of  introduction  or  any  persooa/  knowledge  of  each 
other.  My  subject  lyas  my  introduction,  and  Mr.  Rogers  very  soon  led  me 
to  know  that  I  had  come  to  the  right  place  and  to  the  right  man. 

"  At  the  close  of  an  hour's  conversation  Mr.  Rogers  expressed  his  readi- 
ness to  enter  the  new  lield,  and  to  undertake  any  orders  that  were  entrusted 
to  the  firm.  The  future  of  'The  Rogers  Locomotive  Works'  was  deter- 
mined at  that  hour's  conversation. 

"The  personal  and  business  r 
continued  for  many  years,  and  m 
actcr. 


EARLY    mSTi>R\ 


iAILRO.\DS 


In  1S33,  railroads  were  already  attracting  a  great  deal  of  at- 
tention in  this  country.  The  opening  of  the  Erie  Canal  for 
commercial  purposes  in  1826,  and  the  consequent  diversion  of 
traffic  from  other  seaboard  cities  to  New  York,  led  the  people 
of  Philadelphia,  Baltimore,  Boston  and  Charleston  to  seek  for 
means  by  which  their  lost  trade  could  be  recovered.  Investi- 
gation and  accurate  surveys  soon  showed  the  impracticability 
of  constructing  canals  from  Baltimore  to  the  Ohio  river,  or 
from  Boston  to  the  Hudson.  In  the  meanwhile,  information 
concerning  the  successful  use  of  steam-power  on  the  Stockton 
&  Darlington  Railroad  in  England,  which  was  opened  in  1825, 
had  reached  this  country,  and  the  public  had  received  the  re- 
ports of  the  celebrated  experiments  with  locomotives  which 
were  made  on  the  Liverpool  &  Manchester  Railway  in  1829. 
As  Mr.  Charles  Francis  Adams,  Jr.,  has  expressed  it:* 

"  America  suffered  from  too  few  roads  ;  England  from  too  much  traffic. 
Both  were  restlessly  casting  about  for  some  form  of  relief  Accordingly, 
all  through  the  time  during  which  Stephenson  was  fightiug  the  battle  of 
the  locomotive,  America,  as  if  in  anticipation  of  his  victory,  was  building 

"  The  country,  therefore,  was  not  only  ripe  to  accept  the  results  of  the 
Rainhill  contest,  but  it  was  anticipating  them  with  eager  hope  " 

After  the  experiments  referred  to  had  been  made,  full  reports 
giving  in  detail  their  results  were  published  in  this  country, 
committees  of  inquiry  were  sent  to  England  to  get  information 
and  report  on  the  railroads  of  that  country,  and  a  railroad 
mania  be.gan  to  pervade  the  land. 

The  first  railroad  which  was  built  in  the  United  States  was  a 
short  line  of  about  three  miles,  from  the  Quincy  granite  quar- 
ries to  the  Neponset  river.  \  for  the  transportation  of  granite 
for  the  Bunker  Hill  monument.  This  was  merely  a  tram  road, 
and  was  operated  by  horse-power  and  stationary  engines,  and 
was  built  in  1826.     As  Mr.  Adam:  says  : 

••  Properly  speaking,  howeve 
the  year  1871— a  railroad  at  all 
had  been 


5  never — or  at  least,  never  until 
nothing  but  a  specimen  of  what 
1  comr  on  use  in  England,  under 


A  similar  work  was  constructed  at  about  the  same  time  for 
the  transportation  of  coal  from  the  pit's  mouth  to  the  Lehigh 
Valley  Canal  near  Mauch  Chunk,  Pa. 

In  the  latter  part  of  1827,  the  Delaware  &  Hudson  Canal 
Company  put  the  Carbondale  Railroad  under  construction. 
This  road  extends  from  the  head  of  the  Delaware  and  Hudson 

•  See  "  Railroads  :   their  Origin  and  Problems." 

t  It  has  recently  been  staled  that  as  early  as  1S09  an  experimental  rail- 
road track,  180  feet  in  length,  was  laid  in  Delaware  County,  Pa.,  and  that 
in  the  same  year  a  road  about  a  mile  long  was  constructed  from  stone 
quarries  on  Crum  Creek  to  a  "landing"  on  Ridley  Creek  in  the  same 
county  and  State.  The  evidence  upon  which  this  statement  is  based  has 
not  been  made  public. 


Vol.  LXI.  No.  I.] 


ENGINEERING    JOURNAL. 


41 


Canal  al  Honesdale,  Pa.,  to  ihe  coal  mines  bclonniiig  lo  the 
Delaware  &  Hudson  Canal  Company  at  Carbondale,  a  dis- 
tance of  about  sixteen  miles.  This  line  «as  opened,  probably, 
in  1824,  and  was  operated  partly  by  Mationary  engines,  and 
partly  by  horses.  The  line  is  noted  chiefly  for  being  the  one 
on  whicii  a  locomotive  was  first  \iscd  in  this  country.  This 
was  the  '•Stourbridge  Lion,"  which  was  built  in  England  un- 
der the  direction  ot  Horatio  Allen,  then  an  assistant  engineer 
on  this  line.  It  was  tried  at  Honesdale,  Pa.,  in  August, 
1829. 

According  to  "  Poor's  Railroad  Manual  for  1S76  and  1877  '  : 
"It  was  not  until  182S,  that  the  construction  of  a  railroad  was 
undertaken,  for  the  transportation  both  of  freight  and  passen- 
gers, on  anything  like  a  comprehensive  scale.  The  construc- 
tion of  the  Erie  Canal  had  cut  oft  the  trade  which  Phjlaaelphia 
and  Baltimore  had  hitherto  received  from  the  West;  and  as 
the  project  of  a  canal  from  the  city  of  Baltimore  to  the  Ohio 
was  regarded  by  many  as  impracticable,  the  merchants  of  that 
city,  in  1827,  procured  the  charier  of  the  present  Baltimore 
&  Ohio  Railroad.  On  the  4th  of  July,  1828,  the  construc- 
tion of  the  railroad  was  begun,  the  first  act  being  performed 
by  the  venerable  Charles  Carroll,  of  Carrollton,  the  only  then 
surviving  signer  of  t'^e  Declaration  of  Independence.  At  the 
close  of  the  ceremony  of  breaking  ground,  Mr.  Carroll  said: 
"  '  I  consider  this  among  the  most  important  acts  of  my  life, 
second  only  to  that  of  signing  the  Declaration  of  Independ- 
ence, if  even  second  to  that.' 

"  In  the  fall  of  1829.  the  laying  of  the  rails  within  the  city  of 
Baltimore  was  begun.  On  the  22d  of  May,  1830,  the  first  sec- 
tion of  fifteen  miles,  to  Eliicott's  Mills,  was  opened. 

"The  next  important  railroad  was  the  South  Carolina.*  be- 
gun in  1S30,  and  opened  for  traffic  in  1833  for  its  whole  length 
(135  miles).  At  that  time,  it  was  the  longest  continous  line  of 
railroad  in  the  world.  The  construction  of  the  Mohawk  & 
Hudson  Railroad,  now  a  part  of  the  New  York  Central,  was 
begun  in  1S30.  It  was  opened  (17  miles)  in  1S31.  The  Sara- 
toga &  Schenectady  Railroad  (21)^  miles)  was  opened  in  the 
following  year  ;  the  Paterson  &  Hudson  River  Railroad  was 
chartered  in  January,  1831,  construction  on  it  was  commenced 
in  1832.  and  it  was  opened  in  1834;  the  Cayuga  &  Susque- 
hanna (34  miles),  connecting  the  Susquehanna  river  with  the 
Cayuga  Lake,  was  opened  in  1834;  and  the  Rensselaer  & 
Saratoga  (25  miles)  in  1835.  In  New  Jersey,  that  portion  of 
the  Camden  and  Amboy  extending  from  Bordentown  to 
Hightstown  (14  miles)  was  opened  on  the  22d  of  December, 
183:);  and  between  Hightstown  and  South  Amboy  (47^^  miles) 
in  1834.  In  Pennsylvania,  a  considerable  extent  of  line  for 
the  transportation  of  coal  had  been  constructed  previous  to 
1835.  In  1S34,  the  Philadelphia  &  Columbia  (82  miles)  and 
the  Portage  Railroad  (36  miles),  both  forming  a  part  of  the  sys- 
tem of  public  works  undertaken  by  the  State  of  Pennsylvania, 
were  opened.  The  completion  of  these  gave  that  State  a  con- 
tinuous line,  made  up  of  canal  and  railroad,  from  Philadelphia 
to  the  Ohio  River  at  Pittsburgh.  The  total  mileage  of  railroad 
constructed  in  the  State  of  New  York  up  to,  and  including, 
1835,  was  2(15  miles,  or  more  than  one-quarter  of  the  whole  ex- 
tent of  line  then  in  use  in  the  United  States.  In  1833,  the  Bal- 
timore &  Ohio  Railroad  was  extended  as  far  west  as  Har- 
per's Ferry  (81  miles).  In  the  same  year  the  Washington 
branch  (30  miles)  was  also  completed.  In  Massachusetts,  in 
1835.  the  Boston  &  Worcester  Railroad  (44  miles),  the  Bos- 
tjn  0^  Providence  (41  miles),  and  the  Boston  &  Lowell  (26 
miles)  were  all  opened  for  business.  The  total  mileage  in  op- 
eration in  all  the  States  at  the  close  of  that  year  was  1,098 
miles." 

The  preceding  sketch  of  the  early  history  of  railroads  in 
this  country,  is  given  to  show  the  extent  of  railroad  construc- 
tion at  the  time  that  Mr.  Rogers  determined  to  undertake  the 
manufacture  of  locomotives. 


Chapter  II 
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IHIS   COUNTRY. 


In  the  latter  part  of  the  year  1S27,  the  Delaware  &  Hud- 
son Canal  Company  decided  to  have  built  in  England  three  lo- 
comotives, for  their  line  of  railroad  from  Honesdale  to  Car- 
bondale.  This  action  was  taken  on  the  report  of  the  chief  en- 
gineer of  the  road,  Mr.  John  B.  Jervis  ;  and  Mr.  Horatio 
Allen,  then  a  resident  engineer  on  the  line,  was  deputized  to 
go  to  England  and  have  the  engines  built  on  plans  to  be  de- 
cided by  him  when  in  England.  He  arrived  there  early  in 
1828,  and  ordered  one  engine  from  Foster  Rastrick  &  Co.,  of 
Stourbridge.      This    was  the    "  Stourbridge  Lion  "    (Fig.    2). 

*  The  original  charter  of  the  South  Carolina  Railroad  was  granted  De- 
cember 19th,  1S27.  This  was  not  satisfactory  to  some  of  the  citizens  ol 
Charleston,  and  a  new  bill  was  reported*to  the  legislature  on  the  22d  of 
January,  1828,  and  passed  on  the  29th  of  the  same  month.  The  stockholders 
organized  as  a  company  on  the  12th  of  May.  1828. 


dercd    from    Stephenson  &  Co., 
The  Railroad   Era,"  written 


Two  other  engines 
Newcastle. 

In  a  pamphlet  with  the  title 
by  Mr.  Allen  in  1884,  he  says : 

"The  two  locomotives  from  Stephens 
the  year  1829,  and  therefore  prior  to  Ih 
in  October  of  that  year,  weAjdentical 
lenances  with  the  '  Rocket^Fifr.  3)  I 

iKLiul  ready  to  be  sent  had  been  the  one  used  an  August  gth,  1329.  the  per 
fr>rm.\[iLe  of   the  '  Rocket '  in  England   would  have   been  anticipated  in 

"  The  three  locomotives  were  received  in  New  York  in  the  winter  of  1828 
and  i8j.i.  One  of  each  kind  was  set  up,  with  the  wheels  not  in  contact  with 
the  ground,  and  steam  being  raised,  every  operation  of  the  locomotive  was 
fully  presented,  except  that  of  onward  motion." 


1  that  were  in  New  York  early  i 
iri.ii  of  the  locomotive  '  Rockei 
I  boiler,  engines,  plan  and  appui 
'the  two  engines  i 


None  of  these  eng 


the  road  for  which  thev 


were  intended,  until  the  following  spring.  The  "Stourbridge 
Lion,"  so  far  as  is  known,  was  the  only  one  which  was  ever  plac- 
ed on  the  road.  It  was  not  tried  until  August  gth,  1829.  and  was 
then  run  by  Horatio  Allen,  who  has  the  honor  of  being  the 
first  person  who  ever  ran  a  locomotive  in  America. 

This  engine,  it  was  said,  was  too  heavy  for  the  road,  and  was 
used  only  a  short  time.     It  is  a  singular  fact  that  it  is  not  now 

WW 


(18S6)  known  what  became  of  the  two  engines  built  by  Steph- 
enson &  Co.,  and  which  were  in  every  essential  similar  to  the 
celebrated  "  Rocket." 

In  August,  1830,  Peter  Cooper  tried  his  'model  of  experi- 
mental locomotive  engine"  (represented  by  Fig.  4)  on  the  Bal- 
timore &  Ohio  Railroad.  This  engine  had  but  one  working 
cylinder  of  3^  inches  diameter,  and  14^^  inches  stroke  of  pis- 


Fig.^4. 

ton.  The  engine  was  tried  on  August  28th,  1S30.  In  the 
same  year,  the  South  Carolina  Railroad  Company  contracted 
with  Mr.  E.  L.  Miller  to  build  a  locomotive,  which  was  named 
the  "Best  Friend,"  for  the  South  Carolina  Railroad  Company. 
This  engine  (shown  by  Fig.  5)  was  put  into  service  in  Novem- 
ber, 1830,  and  was  the  first  locomotive  ever  built  in  America 
for  actual  service  upon  a  railroad. 

A  locomotive  called  "The  South  Carolina"  (Fig.  6),  de- 
signed by  Horatio  Allen,  was  built  for  the  South  Carolina 
Railroad  by  the  West  Point  Foundry  Association,  in  the  year 
1831.     The  boiler  had  its  fire-box  in  the  middle,  with  a  pair  of 
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barreIs(four  in  all)  extending  each  way,  with  a  chimney  at  each 
end.  The  engine  had  eight  wheels,  arranged  in  two  trucks, 
one  pair  of  driving-wheels,  and  one  pair  of  leading  wheels 
forming  a  truck.  Each  truck  had  one  cylinder,  which  was  in 
the  middle  of  the  engine  and  attached  to  the  smoke-box.  The 
driving  axle  had  a  crank  m  the  middle  to  which  the  connecting 
rod  was  attached  by  a  ball-joint.  The  trucks  were  connected 
to  the  engine  by  king-bolts  in  the  usual  way. 


Railroad  and  Transportation  Company.  This  is  the  old  en- 
gine which  was  exhibited  at  the  Centennial  Exhibition  in  Phila- 
pelphia  in  1S76.  In  the  winter  of  1S31  or  1832,  three  locomo- 
tives built  by  the  same  firm  in  England  were  received,  and 
were  put  to  work  on  the  Newcastle  &  Frenchtown  Railroad  in 
Delaware. 

The  third  edition  of  "Wood's  Treatise  on  Railways,"  pub- 
lished in  1S38,  contains  a  tabular  statement  which  gives  the 
names  and  dimensions  of  engines  built  by  R.  Stephenson  & 
Co  ,  Newcastle-upon-Tyne,  and  the  names  of  the  railways  for 


The  "De  Witt  Clinton"  (Fig.  7)  was  the  third  locomotive 
built  by  the  West  Point  foundry  Association.  It  was  made  for 
the  Mohawk  &  Hudson  Railroad,  and  was  ordered  by  John 
B.  Jervis,  Esq.  The  first  excursion  trip  with  passengers, 
drawn  by  the  "  De  Witt  Clinton,"  was  made  from  Albany  to 
Schenectady,  August  gth,  1S31. 

On  January  4th,  1831,  the  Baltimore  and  Ohio  Railroad 
offered   the  sum    of   $4,000   "for  the    most  approved    engine 


Fig.  8. 

which  they  were  built.     This  table  contains  the  names  of  i 
following  locomotives  for  American  roads  : 

"  Delaware,"  for  Newcastle  &  Frenchtown  Railroad. 

"Maryland,"      "  " 

"  Pennsylvania,"  "  "  " 

"No.  42/'  for  Saratoga  &  Schenectady  Railroad. 

"H,"  and  "  Mohawk,"  for  Mohawk  &  Hudson  Railroad. 

"  Stevens,"  for  New  York. 

"No.  52,"  for  United  States. 

"  Edgefield."  for  Charleston  .S;  Columbia  Railroad. 


Fig.  6. 

which  shall  be  delivered  for  trial  upon  the  road  on  or  before 
the  1st  of  June,  1831 — and  $3,500  for  the  engine  which  shall  be 
adjudged  the  next  best." 

Three  or  four  locomotives,  amongst  them  one  with  a  rotary 
engine,  built  by  Mr.  Childs,  of  Philadelphia,  entered  into  the 
competition  during  the  summer  of  1831.  The  only  one  of 
them,  named  the  "  York,"  which  proved  equal  to  the  moderate 
performance  required  of  them,  was  the  one  built  by  Messrs. 


Fig.  9. 

"  Brother  Jonathan,"    for  Mohawk  &  Hudson  Railroad. 

"No.  61.""  "  

"No.  75."  for  Saratoga  &  Schenectady  Railroad. 
"Wm.  Aiken,"  for  Charleston  &  Columbia  Railroad. 
"No.  99," 

"No.  104,"  for  Pennsylvania  Railroad. 
"No.  105,"  " 
"  No.  106,"  "     Columbia 

No   dates  are   given   in  the   table,  but   all    of    these  sixteen 
engines  must  have  been  built  before  1S3S.     Most  of  them  wert 


n 


Fig.  7- 

Davis  &  Gartner,  two  machinists  of  York,  Pa.  The  engines 
had  a  vertical  boiler  and  vertical  cylinders,  with  four  coupled 
wheels  30  inches  in  diameter.  1 1  was  altered  considerably  after 
being  placed  on  the  road.  The  "Atlantic"  was  afterwards 
built  by  the  same  firm,  and  was  the  first  of  what  were  after- 
wards known  as  the  grasshopper  engines  (Fig.  8),  which  were 
used  for  many  years  on  the  Baltimore  &  Ohio  Railroad. 

In  August,  1831,  the  locomotive  "John  Bull"  (Fig.  g),  built 
by  George  &  Robert  Stephenson  &  Co.,  of  Newcastle-upon- 
Tyne,  was  received  in  Philadelphia  for  the  Camden  and  Amboy 


Fig.  10. 

probably  of  what  was  known  as  the  "  Planet"  class  (shown  by 
Fig.  10),  which  is  the  form  of  engine  that  succeeded  the 
"  Rocket,"  and  the  only  one  which  the  Stephensons  built  for 
some  years  after  its  adoption.  These  locomotives,  which 
were  imported  from  England,  doubtless,  to  a  very  consider- 
able extent,  furnished  the  types  and  patterns  from  which  the 
engines  which  were  afterwards  built  here  were  fashioned. 
But  American  designs  very  soon  began  to  depart  from  their  Brit- 
ish prototypes,  and  a  process  of  adaptation  to  the  existing  con- 
ditions of  the  railroads  innhis  country  followed,  which  after- 
wards  "differentiated"  the  American  locomotives  more  and 


Vol.  LXI.  No. 


ENGINEERING    JOURNAL. 


43 


more  from  those  built  in  Great  Britain.  Until  recently,  a 
marked  feature  of  difference  between  American  and  English  lo- 
comotives has  been  the  use  of  the  truck  under  the  former.  Its  use 
was  proposed  by  Mr.  Horatio  .\llen,  in  a  report,  dated  May 
l6th,  1S31,  which  he  made  to  the  South  Carolina  Canal  & 
Railroad  Company,  o(  which  he  was  then  the  chief  engineer. 
The  locomotive  with  two  trucks  (shown  by  Fig.  6)  was  built 
from  his  design  in  the  latter  part  of  1831.  and  was  put  into 
operation  on  the  South  Carolina  Railroad  in  the  early  part  of 
1852.  In  the  latter  part  of  the  year  183:,  the  late  John  B. 
Jervis  invented  what  he  called  "a  new  plan  of  frame,  with  a 
bearing  carriage,  for  a  locomotive  engine,  for  the  use  of  the 
Mohawk  &  Hudson  Railroad  (represented  by  Fig.  11),  which 
was  constructed  and  put  on  the  road  in  the  season  of  1S32." 


Fig.  II. 

A  truck  was  also  devised  by  Ross  Winans  and  applied  to  a 
locomotive  on  th?  Baltimore  &  Susquehanna  Railroad  (now 
the  Northern  Central)  in  the  latter  part  of  1832.  In  a  letter 
published  in  the  .-Vmerican  Railroad  Journal  of  July  27th. 
1833,  Mr.  Jervis  describes  the  objects  aimed  at  in  the  use  of 
the  truck,  as  follows  : 

"The  leading  objects  I  had  in  view,  in  the  general  arrangement  of  the 
plan  of  the  engine,  did  not  contemplate  any  improvement  in  the  power 
over  those  heretofore  constructed  by  Stephenson  A:  Co.;  *  but  to  make  an 
engine  that  would  be  better  adapted  to  railroads  of  less  strength  than  are 
common  in  England  ;  that  would  travel  with  more  ease  to  itself  and  to  the 
rail  on  curved  roads  ;  that  would  be  less  affected  by  inequalities  of  the  rail 
than  is  attained  by  the  arrangement  in  the  most  approved  engines." 

The  effectiveness  of  the  truck  in  accomplishing  what  it  was 
intended  for  was  at  once  recognized,  and  its  almost  general 
adoption  on  American  locomotives  followed. 
r  In  the  year  1S33.  Judge  Dickerson,  then  president  of  the 
Paterson  &  Hudson  River  Railroad,  ordered  a  locomotive, 
which  was  called  the  "  McMeill,"  from  George  Stephenson, 
which  was  to  be  as  good  as  possible,  without  regard  to  cost. 
It  arrived  and  was  put  in  operation  in  the  year  183^.  The 
cylinders  were  9  inches  diameter  by  18  inches  stroke,  and  the 
engine  had  one  pair  of  driving-wheels  five  feet  in  diameter, 
which  were  behind  the  fire-bo.x.  The  axle  was  cranked,  and 
the  cranks  were  close  to  the  wheels  :  there  was  room  for  the 
connecting  rods  to  pass  by  the  outside  of  the  furnace.  The 
front  end  was  supported  by  a  four-wheeled  truck  ;  the  fire-box 
and  tubes  were  of  copper.  The  engine  continued  in  use  many 
years  and  was  said  to  be  very  fast,  and  was  finally  sold  to  a 
western  railroad,  the  business  of  the  Paterson  tV  Hudson  River 
Railroad  having  grown  beyond  the  engine's  capacity. 

There  may  have  been  other  English  engines,  of  which  there 
is  no  record',  imported  into  this  country  about  this  time,  but,  as 
already  stated  there  is  no  doubt  that  to  a  very  considerable  ex- 
tent the  English  engines  were  the  models  from  which  Ameri- 
can designers  received  many  suggestions  :  but.  as  will  be 
shown,  they  very  soon  began  to  depart  from  the  original  types, 
and  the  development  of  the  locomotive  here  was  quite  distinct 
from  that  which  it  had  in  Europe. 

Chapter  IV. 


Prei-ar.vtio.n  for  locomotive  building  in  Paterson  had  been 
made  as  early  as  1833  by  Messrs.  Paul  &  Beggs,  in  their  shop 
near  that  of  Mr.  Rogers.  They  had  a  small  engine  nearly 
completed  when  their  building  took  fire  and  was  consumed, 
and  the  locomotive  destroyed. 

In  1S35  some  buildings  were  begun  by  Messrs.  Rogers, 
Ketchum  &  Grosvenor,  with  a  view  to  the  manufacture  of 
locomotives. 

The  first  locomotive,  the  "Sandusky,"  Fig.   12,    which   the 


firm  built,  was  not  completed  until  1837.  It  was  intended  for 
the  New  Jersey  Railroad  &  Transportation  Company.  The 
engine  was  4  feet  10  inches  gauge,  the  same  as  that  of  the 
line  for  which  it  was  built.  It  had  cylinders  11  inches  diam- 
eter by  16  inches  stroke,  with  one  pair  of  driving-wheels  of 
4  feet  6  inches  diameter,  which  were  placed  in  front  of  the 
fire-box.  The  engine  had  a  truck  in  front,  with  four  30-inch 
wheels.  The  cylinders  were  inside  the  frames  and  were  con- 
nected to  a  crank-axle  of  the  form  shown  in  Fig.  13.  The 
eccentrics  were  outside  of  the  frame,  and  the  eccentric  rods 
extended  back  to  rocking  shafts  which  were  located  under  the 
foot-board.  The  smoke. pipe  was  of  the  bonnet  kind,  and  had 
a  deflecting  cone  in  its  center.  The  edges  of  the  cone  were 
curled  over  so  as  to  deflect  the  sparks  downward,  and  thus 
prevent  their  passing  through  the  wire  bonnet,  as  well  as  pre- 
venting the  bonnets  from  wearing  out  too  fast. 


Fig.  12. 

The  driving-wheels  of  the  engine  were  made  of  cast-iron, 
with  hollow  spokes  and  rims,  which  at  the  time  was  a  re- 
markable novelty.  The  section  of  the  spokes  was  of  an  oval 
form,  and  the  rim  of  very  much  the  same  shape  as  that  which 
is  in  common  use  at  the  present  time.  This  kind  of  driving- 
wheel  has  since  come  into  almost  universal  use  in  this  country. 

.Another  important  Improvement  adopted  by  Mr.  Rogers 
in  the  construction  of  this  engine,  was  the  counterbalancing 
the  weight  of  the  crank,  connecting  rods  and  piston.  For 
this  he  filed  a  specification  in  the  Patent  Office,  dated  July  12th, 
1837.     It  is  described  as  follows  in  the  specification  : 

"  The  nature  of  my  improvement  consists  in  providing  the  section  of  the 
wheel  opposite  to  the  crank  with  sufficient  weight  to  counterbalance  the 
crank  and  connecting  rods,  making  the  resistance  of  the  engine  less  in 
starting  and  in  running ;  also  preventing  the  irregularity  of  motion  caused 
by  that  siile  of  the  wheels  when  the  cranks  are  placed  in  the  usual  mode  of 
fitting  them  up.  The  irregular  motion  which  arises  from  not  having  the 
cranks  and  connecting  rods  balanced,  is  attended  with  much  injurj-  to  the 
engine,  and  to  the  road,  and  with  much  loss  of  power." 

In  order  to  counterbalance  the  weight  of  the  parts  referred 
to,  the  rim  of  the  wheel  opposite  the  crank  was  cast  solid, 
while  the  other  part  of  it  was  made  hollow.  The  importance 
of  counterbalancing  was  not  recognized  as  being  necessary 
until  several  years  after  it  had  been  introduced  by  Mr.  Rogers, 
and  when  attention  was  drawn  to  it,  many  doubted  the  ne- 
cessity of  balancing  anything  more  than  the  cranks. 


J^i 


built  by  Stephenson 


Fig. 

The  trial  trip  of  the  "Sandusky"  was  made  from  Paterson 
to  Jersey  City  and  New  Brunswick,  and  back,  on  the  6th  of 
October,  1S37.  Mr.  Timothy  Smith  acting  as  engineer.  The 
performance  of  the  engine  was  entirely  satisfactory,  the 
gauge  of  the  road  was  4  feet  to  inches,  the  same  as  that  of  the 
New  Jersey  Railroad  &  Transportation  Company,  for  which 
road  the  engine  was  intended.  It  was,  however,  bought  for 
the  Mad  River  &  Lake  Erie  Railroad  by  its  President,  Mr. 
J.  H.  James,  of  Urbana,  Onio,  and.  on  the  14th,  it  was  ship- 
ped via  canal  and  lake,  in  charge  of  Mr.  Thomas  Hogg,  in  the 
schooner  Sainluskv.  Mr.  Hogg  had  worked  upon  it  from  the 
commencement,  'it  arrived  at  Sandusky,  Nov.  17th,  1837,  at 
which  time  not  a  foot  of  track  had  been  laid.  The  road  was  built 
to  suit  the  gauge  of  the  engine,  and  the  Legislature  of  Ohio 
passed  an  Act  requiring  all  roads  built  in  that  State  to  be  of 
4  feet  10  inches  gauge,  the  same  as  the  engine  "  Sandusky." 

The  engine  was  used  in  the  construction  of  the  road  until 
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the  nth  of  April,  :838,  when  regular  trips  for  the  conveyance 
of  passengers  commenced  between  Belleview  and  Sandusky, 
a  distance  of  16  miles. 

The  engineer  was  Thomas  Hogg,  who  ran  the  engine  for 
three  years,  keeping  it  in  repair.  It  continued  in  service 
many  years,  until  engines  of  larger  size  were  required  to  do 
the  work. 

The  second  locomotive  built  by  Mr.  Rogers  was  called  the 
"  Arresseoh  No.  2."  It  was  completed  in  February.  1838,  for 
the  New  Jersey  Railroad  &  Transportation  Company.  It 
was  similar  in  design  to  the  "  Sandusky." 

The  third  engine  was  named  the  "Clinton,"  and  was  built 
for  the  Lockport  &  Niagara  Falls  Railroad  Company,  and 
was  delivered  to  it  in  .^pril,  1S3S.  It  differed  from  the  first 
engines  in  having  cylinders  which  were  10  inches  in  diameter 
and  18  inches  stroke,  and  the  gauge  was  4  feet  Sj4  inches. 
Both  the  driving  and  the  truck  wheels  of  this  engine  had 
hollow  oval  spokes,  and  hollow  rims  with  wrought-iron  tires. 
This  engine  was  run  by  Wm.  E.  Cooper  until  November,  1843, 
when  it  was  sold  to  the  Toledo  &  Adrian  Railroad  for  $6,500, 
the  original  cost.  It  was  said  by  Mr.  Cooper  that  when  the 
engine  was  sold  it  was  considered  to  be  one  of  the  best  work- 
ing engines  in  existence. 

An  engine  called  the  "  Experiment,"  was  the  next  or  the 
fourth  locomotive  turned  out.  It  was  made  for  the  South 
Carolina  Railroad,  and  was  delivered  in  June,  1838.  This 
engine  differed  from  those  previously  built  at  these  works,  in 
having  a  smaller  cylinder  and  longer  stroke  than  usual. 

The  "Sandusky"  was  the  type  of  the  first  four  locomotives 
built  by  Messrs.  Rogers,  Ketchum  &  Grosvenor.  In  many 
respects  they  all  resembled  the  Stephenson  engines.  They 
had  inside  cylinders  and  a  crank-axle,  but  differed  from  Eng- 
lish locomotives  chiefly  in  having  a  truck  instead  of  a  pair  of 


leading  wheels.  The  driving-axles  were  in  front  of  the  fire- 
boxes, with  the  result  that  the  overhang  of  the  latter  behind 
the  axle  brought  an  undue  proportion  of  the  weight  of  the 
engine  on  these  axles. 

To  remedy  the  evil  of  an  excessive  amount  of  weight  on  the 
driving-axle,  the  latter  was  placed  behind  the  fire-box  in  the 
fifth  engine,  called  the  "  Batavia,"  Fig.  14,  built  at  these 
works.  When  this  was  done,  however,  there  was  too  little 
load  on  the  driving-wheels,  and  an  arrangement  was  provided 
for  transferring  part  of  the  weight  of  the  tender  to  them.  The 
"Batavia"  was  built  for  the  Tonawanda  Railroad,  and  was 
completed  in  1S3S.  The  shape  of  the  furnace,  in  plan,  was 
semi-circular  at  the  rear  part,  and  it  had  a  hemispherical  top 
surmounted  with  a  dome.  This  form  of  fire-box  was  used  as 
late  as  1857. 

In  his  early  engines,  besides  using  inside  cylinders,  Mr. 
Rogers  also  followed  the  plan  which  is  still  used  in  England, 
viz.;  putting  the  cranks  for  parallel  or  coupling  rods  opposite 
to  the  main  cranks.  He  soon  found  that  this  arrangement, 
while  it  had  some  advantages,  such  as  requiring  less  counter- 
balance, caused  the  journals  of  the  driving-axles  to  wear  oval ; 
he  therefore  adopted  the  plan  of  putting  the  cranks,  for  both 
main  and  outside  rods,  on  the  same  side  of  the  center  of 
the  axle. 

The  "state  of  the  art  "  of  locomotive  building  in  this  country 
in  its  infancy,  is  graphically  described  in  the  following  articles, 
which  appeared  in  the  American  R.mlroad  Journal  and 
Mechanic's  Magazine  of  December  15th,  1839.  In  one  of 
these  the  editor  said  : 

"  A  few  days  ago,  in  company  with  one  of  the  proprietors,  we  had  the 
pleasure  of  a  visit  to,  and  inspection  of  the  very  extensive  works  of  Messrs. 
Rogers,  Ketchum  &  Grosvenor.  at  Pat.iMm.  N,  u  I,  rsev.  for  the  construc- 
tion of  various  kinds  of  machinery.  Our  .iiu n:  1..11  v\.i.,  of  course,  princi- 
pally directed  to  the  shops  for  the  cunsiiu.  1     n  ..I  1 notives,  the  main 

building  of  which  is  203  feet  long  and  ihr.,  ^n.n.  ,  1:imIi,  and  another  of 
equal  length  containing  near  50  forges,  luu.^l  ..1  wluthucrcin  operation, 
notwithstanding  the  pressure  of  the  times. 

"  We  saw  a  number  of  engines  in  different  states  of  forwardness,  and 
though  the  general  forms  are  those  of  6-wheeled  American  engines  in 
general,  we  were  not  a  little  gratified  with  several  minor  arrangements, 
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ast,  which  have  been  introduced  by  Mr.  Rogers,  and  to 
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jzc  of  ilie  smukc-ijipe  is  protected  by  an  inverted  cone, 
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and  the  casing,',  ami  will  do  snmelhin^  towards  diminishing  this  standing 
reproach. 

"  The  truck-frames,  whether  of  wood  or  iron,  were  admirably  stiffened 
by  diagonal  braces,  and  where  the  crank-axle  is  used,  the  large  frame  is 
very  strongly  plated  in  the  manner  of  Stephenson's  engines,  the  neglect  of 
which  till  very  lately  has  been,  we  are  informed,  a  constant  objection  to  the 
Philadelphia  engines  on  the  Long  Island  and  Troy  railroads. 

"The  wheels  are  of  cast-iron,  with  wrought-iron  tires;  the  spokes  are 
round,  and  they,  as  well  as  the  rims,  are  hollow,  e.\cept  where  the  crank- 
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■•  tint  we  were  most  pleased  with  the  arrangement  < 
eccentric  rods  arc  fastened,  and  thus  the  reversing  depends  on  no  con- 
tingency, for  the  rods  are  forced  in  and  out  of  gear ;  a  single  handle  only  is 
required  to  manage  the  engine  much  more  rapidly  and  efficiently  than  by 
the  ordinary  mode.  The  boilers  are  8  feet  long,  for  an  8-ton  engine,  and 
with  ISO  flues,  the  usual  length  of  the  former  being,  we  believe.  7  feet,  and 

ing  surface  is  increased,  and  the  heat  'remains  longer  in  contact  with  the 
flues,  while  the  addition  to  the  weight  is  very  trifling  compared  with  the 
advantages  derived  from  the  saving  of  fuel. 

"  Mr.  Baldwin,  of  Philadelphia,  took  out  a  patent  some  time  since  for  a 
very  ingenious  mode  of  saving  half  the  crank,  by  inserting  the  wrists  into 
one  of  the  spokes  of  the  driving-wheels,  and  this  has  been  very  closely  imi- 
tated by  making  one  complete  crank,  and  by  letting  one-half  of  it  into  a 
spoke  which  is  cast  larger  than  the  others,  with  a  receptacle  for  the  pur- 
pose. Tills  latter  plan  has  been  adopted  by  Mr.  Rogers  and  others  in  this 
neighborhood,  whilst  the  Boston  machinists  aim  at  bringing  the  two  cranks 
as  near  together  as  possible.  The  relative  merits  of  straight  and  cranked 
a.xles  are  so  well  pointed  out  in  Mr.  Wood's  papers  on  locomotives  in  these 
numbers,  that  we  shall  merely  beg  leave  to  state  that  the  plan  of  Mr.  Bald- 
win and  its  imitation,  appear  to  us  to  combine  the  liability  to  fracture  of 
the  crank-axle  with  the  loss  of  heat,  the  exposure  to  accident,  and  the  rack- 
ing of  frame  and  road  ascribed  to  the  straight  axle,  for  the  only  difference 
is  the  thickness  of  the  spoke  ;  the  loss  of  heat  is  the  same  in  both,  the  pro- 
tection against  any  serious  accident  is  too  trifling  to  be  considered,  whilst, 
with  the  cranks  as  close  together  as  possible,  the  cylinders  are  completely 
protected. 

"We  offer  these  remarks  as  our  views  merely,  and  with  all  due  deference 
to  the  superior  skill  of  Messrs.  Baldwin  and  Rogers.  Mr.  Rogers,  in  com- 
mon with  all  other  experienced  machinists  with  whom  we  have  conversed, 
is  decidedly  opposed  to  any  increase  of  width  of  track  beyond  5  feet,  with 
the  present  weight  of  engine. 

"  As  regards  the  power  of  the  engines,  they  are  able  to  slip  the  wheels 
when  the  rails  are  in  the  best  state ;  this  they  do  in  common  with  all  good 
American  or  English  engines,  consequently  any  accounts  of  extraordinary 
performance  would  be  worse  than  superfluous,  when  we  know  that  thejr 
will  do  all  that  any  other  engine  whatever,  with  the  same  weight  on  the 
driving-wl 
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Soon  after  he  commenced  building  locomotives,  Mr.  Rogers 
became  convinced  that  inside-connected  engines,  with  crank- 
axles,  were  inferior  in  many  respects  to  outside-connected 
ones,  besides  being  more  expensive  to  build  and  to  keep  in 
repair  ;  he  also  became  satisfied  that  in  the  matter  of  steadi- 
ness, the  inside-connected  had  no  advantage  over  the  outside- 
connected  engine,  and  that,  with  proper  counterbalancing,  the 
latter  could  be  run  as  fast  as  required  without  any  injurious 
oscillation  ;  and  also,  that  it  required  more  skill  to  properly 
counterbalance  inside-connected  engines  than  outside  ones. 
Therefore,  he  was  an  earnest  advocate  of  this  style  of  engine, 
and  recommended  outside  connected-engines  as  better  than 
inside-connected  ones. 

Fig.  15  represents  the  "  Stockbridge,"  built  in  1842,  with 
outside  cylinders.  In  this  engine  the  driving-axle  was  placed 
in  front  of  the  fire-box,  and  a  pair  of  trailing-wheels  behind  to 
carry  the  overhanging  weight.  The  load  on  the  driving-wheels 
was,  of  course,  reduced  by  an  amount  equal  to  that  carried 
by  the  trailing-wheels,  so' that  this  type  of  engine  was  also 
deficient  in  adhesion  and  power. 

The  next  step  which  was  made  was  to  substitute  a  pair  of 
driving-wheels  for  the  trailing-wheels,  and  couple  them  with 
the  main  driving-wheels.  This  form  of  engine,  shown  by  Fig. 
16,  was  patented  in  1S36  by  Henry  R.  Campbell,  of  Phila- 
delphia, and  was  adopted  by  Mr.  Rogers  in  1S44.  This  plan 
has  since  been  so  generally  adopted  in  this  country  that  it  is 
now  known  as  the  "American"  type.  Fig.  17  represents  an 
engine  of  this  kind  built  at  the  Rogers  Works  in  1844.     It  had 
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four  coupled  driving-wheels  and  outside  cylinders,  the  eccen- 
trics were  on  the  back  axle,  the  pumps  were  full  stroke, 
worked  from  the  cross-heads.  It  had  springs  over  the  back 
axle  bearings,  and  also  in  the  centre  of  the  levers  which  ex- 
tended from  the  driving-axle  to  the  centre  of  the  truck  on  each 
side  of  the  engine.  The  truck  was  pivoted  and  turned  upon 
a  centre  pin  fixed  to  the  boiler  ;  the  arrangement  did  not  give 
satisfaction,  and  was  altered  after  a  short  trial.  This  engine 
was  remarkable  from  the  fact  that  it  is  the  first  example  of 
the  use  of  an  equalizing-beam  between  the  driving-wheels  and 
truck. 


Fig.  15- 

The  engine  shown  by  Fig.  i8  was  built  in  1845,  and  had 
equalizing-levers  between  the  driving-wheel  springs  ;  the 
truck  had  side  bearings  and  springs  over  the  sides  of  truck  ; 
the  pumps  had  short  stroke  and  were  worked  from  the  cross- 
head,  as  shown. 

Fig.  igshows  an  engine  built  in  1846  with  the  driving-wheels 
spread  well  apart.  It  had  V  hooks  and  independent  cut-off  on 
the  back  of  the  main  valves  ;  this  was  a  favorite  kind  of  engine 
for  many  years. 


In  1848,  Mr.  Rogers  was  renuesleii  to  iuinish  some  engines 
with  six-coupled  wheels  for  the  Savanilla  Railroad  in  Cuba. 
He  then  designed  and  built  the  first  ten-wheeled  engines  ever 
made  at  the  Rogers  Works.  There  is  no  drawing  of  these  en- 
gines extant.  They  had,  however,  outside  cylinders  15^2  in- 
ches diameter  by  20  inches  stroke.  The  ten-wheeled  engines 
which  had  been  built  previous  to  this  time  had  inside  cylinders 
and  crank  axles.  The  connecting  rods  of  the  engines  for  the 
Savanilla  Railroad  were  made  to  take  hold  of  the  outside  jour- 
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nal  of  the  main  crank-pin,  which  at  tha 
parture. 

Fig.  20  represents  a  plan  of  ten-wheeled  engine,  with  half- 
crank  keyed  on  the  driving-wheel,  same  as  Baldwin's  plan. 
This  pattern  of  engine  was  built  in  1848  after  those  for  the 
Savanilla  Railroad.  The  engine  had  outside  bearings  and 
equalizing-levers  between  the  springs  ;  it  also  had  cranks  on 
the  axles  outside  the  frames  to  which  the  coupling-rods  were 
attached.     A  number  of  engines  on  this  plan,  with  cylinders 


17  X  22,  were  built  for  the  New  ^  ork  iV  Kric  Railroad.  They 
all  had  independent  cut-off  valves. 

Fig.  21  represents  an  inside-cylinder  engine  with  full  crank  ; 
the  steam  chests  were  inclined  sidewise,  so  that  the  valves 
could  be  readily  got  at.  This  was  one  of  the  improvements  in- 
troduced by  Thomas  Rogers.  The  engine  had  V  hooks  and 
independent  cut-off  valves,  and  was  built  for  the  Paterson  & 
Hudson  River  Railroad. 

On  the  style  of  engine  shown  by  Fig.  22,  the  shifting-link 
motion  was  introduced.  Thomas  Rogers  was  one  of  its  earli- 
est advocates,  and  did  more  toward  its  successful  introduc- 
tion on  American  locomotives  than  any  other  person.  He 
was  not  only  an  early,  but  an  earnest  advocate  of  it,  at  a  time 
when  it  was  condemned  by  some  of  the  most  prominent  en- 
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gineers  in  the  country.  Time  has  amply  proved  all  that  he 
claimed  for  it,  which  was,  that  it  is  the  most  simple  and  ef- 
ficient form  of  valve-gear  that  has  ever  been  devised. 

Fig.  23  represents  a  style  of  passenger  engine  which  was  first 
built  in  1852.  It  had  15  X  22  inch  cylinders,  driving-wheels  5 
feet  in  diameter.  It  had  what  may  be  called  supplementary 
outside  frames,  which  carried  the  running-board,  cab,  etc.  It 
had  shifting  links,  hung  from  below,  and  the  truck  axles  had 
both  inside  and  outside  bearings.     The  form  of  engine  repre- 


Fig.  19. 

sented  by  Fig.  24  was  first  built  in  1853,  and  was  for  a  long 
time  very  popular.  The  cylinders  were  16  X  22  inches  and 
the  driving-wheels  5  feet  diameter,  although  the  size  of  the  lat- 
ter was  varied  somewhat  in  different  engines. 

On  the  death  of  Mr.  Thomas  Rogers,  which  occurred  in 
1856,  the  business  theretofore  conducted  by  Rogers,  Ketchum 
&  Grosvenor  was  reorganized  under  a  charter,  with  the  title 
of  The  Rogers  Locomotive  &  Machine  Works,  and  Mr. 
William   S.    Hudson  was  then  appointed  superintendent.      He 


Fig.   20. 

was  a  prolific  inventor  and  an  excellent  mechanic,  atni  intro- 
duced many  improvements  in  locomotive  construction,  which 
will  be  described  further  on. 

The  first  "Mogul"  engine,  Fig.  26,  built  at  the  Rogers 
Works,  was  completed  in  1863.  This  plan  of  locomotive  was 
made  possible  by  the  invention  of  the  Bissell  truck  and  the 
addition  of  the  swing  links  to  it  by  A.  F.  Smith,  both  of  which 
will  be  described  in  another  chapter.  With  a  single  axle-truck 
in  front  of  the  cylinder,  the  front  driving-wheels  can  be  placed 
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farther  forward  than  they  can  be  on  a  ten-wheeled  engine  with 
a.  four-wheeled  truck,  one  axle  of  which  is  in  front,  and  an- 
other behind  the  cylinders.  Consequently  "  Mogul"  engines 
have  a  larger  proportion  of  their  weight  on  the  driving-wheels 
than  ten-wheeled  engines  have,  and  this  has  brought  the 
"  Moguls"  in  favor  for  freight  service. 

The  demand  for   more  powerful  locomotives  naturally  sug- 


ary freight  and  passenger  service.  Besides  these  there  has  been 
a  demand  for  locomotives  for  special  service,  such  as  switch- 
ing, urban  and  suburban  traffic,  and  for  narrowness  of  which 
made  it  essential  to  design  special  methods  of  construction. 

The  most  common  plan  used  for  switching-engines  is  thai 
which  has  four-coupled  wheels,  both  axles  being  placed  be- 
tween   the    furnace    and    smoke-box.       Separate    tenders   are 
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gested  coupling  four  pairs  of  wheels,  and  led  to  the  "con- 
solidation" type,  which  his  eight  drivinsj-wheels  coupled,  and 
a  pony  truck  in  front  of  the  cylinders.  In  iSSo.  the  first 
"consolidation"  engine  built  at  the  Rogers  Works  was 
completed. 

The  types  of  engines  which  have  been  described,  are  the 
principal  ones  which  have  been  evolved  in  this  country  for  ordin- 


furnished  with  locomotives  of  this  kind,  or  the  tanks  may  be 
placed  on  top  of  the  boilers. 

When  more  powerful  engines  are  required,  six-coupled 
wheels  are  used  with  the  axles,  all  between  the  furnace  and 
smoke-box.  Some  six-coupled  engines  have  been  built  with 
an  axle  behind  the  fire-box,  but  with  this  arrangement  the 
overhanging  weight  of  cylinder,  smoke-box,  etc.,  brings  an 
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Plate  I. 

iudson's  eight-wheeled  doudle-end  locomotive. 


Plate  II. 

Hudson's  ten-wheeled  double-end  locomotive. 
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undue  amount  of  weight  on  the  front  pair  of  wheels. 
The  advantage  of  locating  the  driving-axles  between  the 
furnace  and  smoke-box  is,  that  the  overhanging  weight  of  the 
furnace  behind  balances  that  of  the  cylinders,  smoke-box,  etc., 
in  front,  and  in  this  way  the  driving-wheels  carry  the  whole 
weight  of  the  engine,  and  it  is  equally  distributed  upon  them. 
Placing  the  water-tank  on  top  of  the  boiler  is  inconvenient  and 
unsightly,  and  when  in  thac  position  it  is  difTicult  to  get  room 
enough  for  an  adequate  supply  of  water,  and  there  is  also  the 
disadvantage  of  a  varying  load  on  the  driving- wheels, which  may 
be  excessive  with  the  tank  full,  and  insufficient  when  it  is  empty. 
For  these  reasons  Mr.  Hudson,  after  he  became  superintendent 
of  the  Rogers  Works,  turned  his  attention  to  devising  methods 
of  construction  which  would  retain  all  the  advantages  of  the 
arrangement  of  axles  described,  but  which  would  at  the  same 
time  give  a  longer  wheel-base  for  steadiness,  but  with  suf- 
ficient flexibility  to  enable  the  engine  to  run  around  sharp 
curves  easily.  The  requirements  of  suburban  and  other  traffic, 
in  which  engines  must  make  short  runs,  had  also  created  a 
demand  for  locomotives  which  could  be  conveniently  and 
safely  run  both  ways,  and  which  would  not  require  to  be  turned 
around  at  the  end  of  each  journey.  Having  these  objects  in 
view,  Mr.  Hudson,  in  1S67,  designed  and  patented  the  plan  of 
tank  locomotive    represented  by   Plate  I,  which  soon   became 


his  system  of  equalizing  levers  between  the  trucks  and  driving, 
wheel  springs,  which  is  described  in  another  chapter,  was  used, 
and  his  patents  were  chiefly  for  various  applications  of  that 
system. 

He  also  patented,  in  1S73,  a  plan  for  a  compound  locomo- 
tive. This  had  two  outside  cylinders  in  the  usual  positio.i, 
the  one  being  of  larger  diameter  than  the  other.  It  was  in- 
tended that,  ordinarily,  live  steam  from  the  boiler  should  be 
admitted  to  the  small  cylinder  only,  from  which  it  exhausted  in- 
to  a  super-heater  in  the  smoke-box  before  it  passed  into  the 
large  cylinder  on  the  opposite  side.  The  steam-pipe  was  con- 
nected with  the  steam-chest  of  the  large  cylinder  by  another 
pipe  of  smaller  diameter.  Live  steam  could  be  admitted  by 
the  small  pipe  to  the  large  cylinder,  if  required.  This  plan 
was  never  put  into  practice. 

Mr.  Hudson's  death  occurred  on  the  2o[h  of  July,  1S81.  He 
was  then  72  years  old. 

The  following  extracts  are  taken  from  an  account  of  his  life, 
which  appeared  in  the  Railroad  Gazette  immediately  after^his 
death. 

"  He  was  born  near  the  town  of  Derby,  England,  in  iSug,  and  at  an  early 
age  beean  to  learn  the  trade  of  an  engineer  and  machinist,  serving  part  of 
his  apprenticeship  under  George  Stephenson.    In  183^.  when  24  years  of 
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Plate  III 

FORNEY    LOCOMOTI\  r. 


known  as  "  Hudson's  Double-Ender."  In  this,  the  twodriving- 
axles  were  placed  beteen  the  furnace  and  smoke-box,  and  a 
Bissell  truck  was  placed  at  each  end  of  the  engine.  Mr. 
Hudson's  patent  was  dated  May  7th,  1867,  and  was  reissued 
December  7th,  1875. 

It  will  be  seen  that  the  water-tank  of  these  engines  was  on 
top  of  the  boiler.  This  arrangement  was  open  to  the  objec- 
tions which  have  been  pointed  out.  To  overcome  these  Mr. 
Hudson,  in  1872,  designed  and  patented  the  plan  of  engine 
represented  by  Plate  II.  In  this  the  arrangement  of  the 
driving-axles  and  the  front  truck,  excepting  the  equalizing 
arrangements,  are  the  same  as  in  the  "Double-Ender"  plan, 
but  instead  of  a  two-wheeled  Bissell  truck  behind,  a  four- 
wheeled  swing-motion  truck  was  substituted,  and  the  water- 
tank  instead  of  being  placed  on  top  of  the  boilers,  was  placed 
over  the  four-wheeled  truck.  This  arrangement  was  patented 
July  l6th,  1872. 

In  1866,  Mr.  M.  N.  Forney  patented  the  plan  embodied  in 
the  engine  shown  in  Plate  III.  A  number  of  engines  of  that 
kind  have  been  built  at  the  Rogers  Locomotive  Works  for 
various  roads.  Whether  a  leading  truck  is  essential  for  en- 
gines of  this  class  has  been  a  subject  of  a  good  deal  of  con- 
troversy among  railroad  engineers.  To  reconcile  the  views  of 
the  various  parties  to  this  dispute,  the  Rogers  Works  build  lo- 
comotives either  with  or  without  the  leading  truck,  as  required, 
leaving  to  the  purchaser  and  user  the  task  of  determining 
whether  a  leading  truck  is  useful  or  not. 

In  1872,  Mr.  Hudson  took  out  seven  patents  for  different 
plans  of  tank  engines  with  trucks  at  each  end.     In  all  of  them 


soon  left  that  placL  howe\er  and  engaged  as  a  locomotive  runner  on  the 
old  Rochester  A.  \uburn  Railroad  now  a  portion  of  the  New  York  Central. 
Subsequentlj  he  ran  an  engine  on  the  Attica  i  Buffalo  Railroad,  and  was 
made  master  mechanic  of  the  road,  which  he  left  in  1S52  to  become  superin- 
tendent of  the  locomotive  works  of  Rogers,  Ketchum  &  Grosvenor,  at 
Paterson,  N.  J.  In  1856,  these  works  were  incorporated  as  the  Rogers 
Locomotive  and  Machine  Works,  and  Mr.  Hudson  was  rnade  mechanical 
engineer  and  superintendent,  a  position  which  he  held  until  his  death.  He 
succeeded  Mr.  Thomas  Rogers,  who  was  the  founder  of  these  works,  and 
who  probably  did  more  than  any  other  man  to  develop  the  design  and 
improve  the  construction  of  the  American  locomotive  as  it  is  to-day.  But 
Mr.  Hudson  took  up  the  work  where  Mr.  Rogers  left  it,  and  during  the  30 
years  that  Mr.  Hudson  occupied  the  position  of  head  of  the  mechanical 
department  of  this  establishment,  he  made  many  i  "  *"" 

motives  built  there,  chiefly  of  r  '"-•'  —'••-'■  — 
details,  adopting  better  i     -^    ' 

no  other  locomotive  builder  did,  the  perfo 

He  was  constantly  looking  out  for  their  weak  points,  and  it  was  said  by  the 
present  head  of  tlie  establishment,  that  Mr.  Hudson  was  always  more  con- 
cerned about  building  a  good  engine  than  he  was  in  c 

( To  be  continued.) 


vhich 


T  methods  of  putting  work  together,  and  making  the 
tial  and  more  serviceable.  He  studied,  as  nrobably 
luiider  did,  the  performance  of  the  engines  he  built. 


.  good  profit.' 


Mr.  Stevenson  Towle  has  been  appointed  as  an^expert  to 
examine  and  report  on  the  system  of  sewerage  now  Jin  use  in 
Central  Park,  New  York.  ^ 

Mr.  Virgil  H.  Bogue,  lately  with  the  Nothern  Pacific,  has 
been  made  chief  engineer  of  the  Union  Pacific  Railway, 
succeeding  Mr.  Blickensderfer,  who  has  been  chief  engineer 
since  1879.  The  change  was  made  with  the  sole  view  of  in- 
creasing the  engineering  staff,  Mr.  Blickensderfer  still  er- 
maining  with  the  company  as  consulting  engineer. 
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NEW  YORK,    FEBRUARY.    I  887. 

The  death  of  Sir  Joseph  Whitworth.  which  is  recorded 
in  another  column,  calls  attention  to  the  fact  that  his 
great  reputation  as  a  mechanical  engineer,  and  the  fortune 
which  he  made,  were  largely  due  to  his  early  recognition 
of  the  value  of  accuracy  in  mechanical  work.  He  saw- 
that  the  methods  of  testing  work  then  in  use  were  loose 
and  inaccurate,  and  set  himself  to  work  to  improve  them, 
with  the  success  of  which  we  all  know. 

Railroad  building  in  the  United  States  this  year,  from 
present  indications,  will  include  a  number  of  lines  al- 
ready actually  begun  by  companies  of  sufficient  financial 
standing  to  secure  their  completion,  and  also  many  minor 
e.xtensions  planned,  and  very  likely  to  be  built.  The 
greater  part  of  this  mileage,  it  maybe  noted,  will  be  built 
by  old  companies  to  complete  or  e.xtend  their  present  sys- 
tems. Of  new  projects  there  are  an  enormous  number 
coming  forward,  but,  as  usual,  by  far  the  greater  part  of 
these  will  never  get  beyond  the  paper  stage  of  existence. 

The  increased  prices  of  railroad  material  may  check,  in 
some  degree,  the  tendency  to  e.xtension,  but  there  is  little 
doubt  that  this  year,  as  well  as  last,  will  be  a  year  of 
activity  in  railroad  construction  and  in  all  the  trades  de- 
pendent upon  it. 

The  narrow  gauge,  for  which  so  great  a  future  was  pre- 
dicted by  its  advocates  a  few  years  ago.  is  gradually  dis- 
appearing in  this  country.  During  the  past  month  the 
St.  Louis,  Arkansas  &  Texas  Company  changed  its  Texas 
Division  from  3  feet  to  standard,  thus  completing  its 
abandonment  of  the  narrow  gauge,  its  lines  in  Missouri 
and  Arkansas  having  been  changed  some  months  ago. 
Two  lines  of  considerable  mileage  remain  east  of  the  Mis- 
sissippi, the  Cleveland  &  Canton,  in  Ohio,  and  the  Toledo, 
St.  Louis  &  Kansas  City  ;  both  of  these  are  to  be  changed 
to  standard  as  soon  as  the  money  needed  can  be  raised. 

By  the  close  of  the  present  year  the  Denver  &  Rio 
Grande  will  be,  in  all  probability,  the  only  railroad  of  any 


importance  siill  adhering  to  the  3  feet  gauge,  and  this 
company  is  not  likely  to  make  any  change  for  several  years 
to  come,  as  its  location  and  circumstances  are  so  peculiar 
that  it  would  not  be  Justified  in  spending  money  at 
present  for  this  purpose. 

That  a  railroad  of  standard  gauge  is  not  only  possible 
but  also  preferable  in  a  difficult  mountain  country,  is  in 
process  of  demonstration  by  the  Colorado  Midland  Com- 
pany, which  is  now  building  a  standard-gauge  line  from 
Leadville  to  Aspen,  in  Colorado.  This  line  will  come  into 
direct  competition  with  the  narrow  gauge  of  the  Denver 
&  Rio  (Jrande,  and  will  parallel  one  of  its  most  important 


The  reports  of  the  New  York  City  railroads  to  the  Stale 
Railroad  Commission,  which  are  for  the  year  ending  Sep- 
tember 30,  show  that  last  year  they  carried  in  all  325,142,- 
075  passengers,  which  is  an  average  of  890,800  per  day. 
Of  this  total  the  four  lines  of  the  Manhattan  Elevated 
road  carried  1 15,109,591,  or  35  ji  per  cent.,  while  the  sur- 
face lines  carried  210.032,484,  or  64 '2  percent.  This  pro- 
portion did  not  vary  greatly  from  the  preceding  year,  and 
shows  that  the  surface  roads  still  continued  to  carry  the 
larger  share  of  the  passengers.  If  the  passenger  mileage 
could  be  given  the  proportion  would  undoubtedly  be 
changed  considerably  in  favor  of  the  elevated  lines,  which 
carry  the  greater  part  of  the  long-distance  travel. 

It  is  to  be  remembered  that  the  year  covered  by  these 
reports  does  not  include  any  of  the  time  since  the  general 
reduction  of  elevated  fares.  For  about  one-third  of  the 
year  the  fare  on  the  two  lines  of  least  traffic  was  five  cents, 
but  the  reduction  from  ten  to  five  cents  (outside  of  the 
commission  hours;  was  not  made  until  after  the  close  of 
the  year  on  the  two  more  important  lines.  That  this  re- 
duction has  largely  increased  the  travel  on  the  elevated 
roads  outside  of  the  commission  hours,  and  especially  the 
short-distance  travel,  there  is  no  doubt.  Much  of  the 
additional  business  has  been  taken  away  from  the  surface 
roads,  but  a  considerable  part  must  come  from  that  growth 
of  the  passenger  movement  which  results  partly  from  the 
actual  increase  of  population,  and  partly  from  the  increas- 
ing tendency  "  up-town,"  which  has  been  very  marked 
for  the  last  two  or  three  years. 

The  proper  management  of  a  passenger  movement, 
which  will  before  long  reach  an  average  of  one  million  a 
day,  is  a  problem  which  will  task  the  best  abilities  of  engi- 
neers and  railroad  managers. 


HEATING   RAILROAD  CARS. 

'  I  ^  H  E  recent  accidents  which  have  occurred  on  the 
-•■  Baltimore  &  Ohio,  and  the  Boston  &  Albany  Rail- 
roads, in  which  a  number  of  persons  were  burned  to 
death,  have,  with  renewed  and  horrible  emphasis  urged  the 
subject  to  the  attention  of  railroad  managers  and  the 
public.  The  managers  of,  probably,  a  great  majority  of 
the  railroads  of  the  country  are  anxious  to  find  a  car- 
heater  which  will  remove  the  danger  which  must  be  in- 
curred so  long  as  the  fire  which  warms  the  cars  is  carried 
inside  of  them,  and  which  will  be  free  from  the  practical 
difficulties  which  have  attended  the  use  of  the  various 
plans  which  have  been  devised  for  dispensing  with  stoves. 
.\t  the  January  meeting  of  the  New  England  Club— the 
proceedings  of  which  are  reported  on  another  page— this 
subject  was  discussed.     There  were  present  a  considerable 
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number  of  experienced  railroad  men,  and  a  half  dozen  or 
more  of  inventors  of  plans  for  heating  cars.  As  will  be 
seen  from  the  report  of  the  discussion,  there  were  nearly 
as  many  diflferent  views  of  the  subject  as  there  were 
speakers.  All,  with  perhaps  one  exception,  were  agreed 
however,  that  the  fire  for  warming  cars  should  not  be 
inside  of  them. 

It  was  also  brought  out  by  the  discussion,  that  the 
amount  of  steam  required  to  heat  a  train  of  cars,  is  only  a 
small  fraction  of  that  which  can  be  generated  in  a  loco- 
motive boiler.  One  of  the  speakers  gave  the  heating 
surface  in  a  Baker  heater  at  5.6  square  feet,  so  that  a  tiain 
of  12  cars  would  have  a  total  heating  surface  in  its  heaters 
of  5.6  X  12  =  67.2  square  feet.  An  engine  capable  of 
hauling  such  a  train  would  have  about  12,000  square  feet 
of  heating  surface  in  its  boiler.     But  owing  to  the  forced 


poses.  If  these  are  the  facts  in  the  case,  then  the  objec- 
tion so  often  urged  to  heating  with  steam  from  the  loco- 
motive has  a  very  slight  foundation. 

There  are,  though,  other  objections  to  this  method  of 
heating,  which  were  very  clearly  stated  by  Mr.  Depew, 
President  of  the  New  York  Central  Railroad,  in  a  recent 
interview  with  a  reporter  of  the  New  York  Tribune  in 
which  Mr.  Depew  said  : 

"  We  make  up  trains  here  at  Forty-second  St.,  and  before  the  train  goes 
out  of  llie  station  the  engine  may  be  blocks  off.  It  i£  not  always  possible 
to  ha\e  an  engine  attached  to  a  waiting  car  or  a  train  simply  to  give  heat. 
.Another  objection  to  steam  is  that  after  a  tram  has  left  New  York  for  ex- 
ample, it  will  pick  up  additional  cars  at  Poughkeepsic,  Albany,  Utica, 
Syracuse  and  so  on.  These  cars  have  been  waiting  in  these  stations  in  ad- 
vance of  the  coming  of  the  train  to  aiccomraodate  passengers  and  save  time. 
Often  they  are  sleepers  in  which  persons  have  gone  to  bed  early.  They 
must  be  kept  warm,  and  how  is  that  warmth  to  be  had  from  an  engine 
drawinj,'  a  train  miles  away  ?     It  has  been  proposed  to  have  a  special  boiler 
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draft  and  other  causes,  probably  a  much  greater  amount 
of  heat  is  transmitted  through  a  square  foot  of  heating 
surface  in  a  locomotive  boiler,  than  is  conducted  through 
the  same  area  in  a  Baker  heater,  so  that  locomotive  boiler 
heating  surface  has  a  much  greater  value  than  that  in  a 
car  heater,  from  which  it  follows  that  only  a  small  fraction 
of  the  capacity  of  the  locomotive  boiler — probably  less 
than  a  half  of  one  per  cent.— is  required  to  heat  a  train  of 
12  cars.  This  fact  is  important,  because  it  is  generally  be- 
lieved, and  is  often  asserted,  by  master  mechanics  and  those 
who  should  know,  that  locomotives  cannot  make  steam 
enough  to  draw  a  heavy  train,  and  heat  a  train  of  cars  too. 
If  the  steam  required  to  warm  the  cars  is  so  small  a  pro- 
portion of  that  which  a  locomotive  boiler  can  generate, 
then  the  difference  between  good  firing  gnd  bad  would 
compensate  for  the  drain  on  the  boiler  for  heating  pur- 


attached  to  the  baggage  car,  with  a  special  attendant.  This  would  give 
heat  to  the  complete  train,  but  I  don't  know  that  the  plan  has  ever  been 
put  into  any  kind  of  successful  operation.  What  must  be  devised  is  a 
source  of  heat  for  each  car,  without  the  use  of  lire." 

There  is,  besides  the  difficulties  stated  by  Mr.  Depew 
that  of  the  flexible  connections  for  the  steam  pipes  be- 
tween the  cars.  These  are  liable  to  burst,  leak  or  freeze 
up,  and  when  rubber  hose  is  used,  it  must  be  replaced 
often.  These  objections  may  not  be  prohibitory  of  the 
use  of  the  system,  but  they  are  serious. 

Sometimes  when  a  problem  of  this  kind  is  presented, 
the  solution  may  be  found  very  close  at  hand.  It  may  be, 
that  in  this  case,  the  method  which  is  so  commonly  used 
for  heating  houses  with  warmed  air,  could  be  satisfactorily 
adapted  to  heating  cars.  In  houses,  a  stove  is  placed  be- 
low the  floor,  fresh  air  is  admitted  to  a  casing  surrounding 
the  stove,  and  this  is  distributed   by  suitable  flues  and 
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openings  to  the  apartments  above.  When  this  system 
has  been  applied  to  cars,  it  has  usually  been  arranged  so 
that  the  attendants  were  obliged  to  go  outside  of  the  train, 
to  regulate  and  replenish  the  fire.  To  this  there  are  loud 
complaints  and  objections  from  the  attendants,  and  their 
opposition  seems  to  be  the  most  serious  difficulty  there  is 
in  the  way  of  its  use.  If.  then,  it  were  possible  to  attacli 
a  stove  below  the  floor,  and  feed  and  regulate  the  fire  from 
the  inside,  then  the  comfort  of  the  brakeman  and  the 
porter,  would  not  be  seriously  disturbed  in  the  perform- 
ance of  their  duties,  and  the  objection  to  the  system 
which  has  been  mentioned  would  be  removed. 

If  we  look  about  for  a  stove  suited  for  this  service,  we 
find  that  one  of  the  ordinary  base-burning  type  is  admir- 
ablv  adapted  for  the  purpose.  It  can  be  attached  to  the 
floor  of  the  car,  and  communication  be  made,  so  that  it 
can  be  fed  from  above,  or  from  the  inside  of  the  car. 
Mechanism  can  readily  be  devised  for  shaking  the  grate 
and  regulating  the  dampers.  The  whole  could  then  be 
enclosed  in  a  strong  sheet-iron  casing,  covered  with  some 
non-conducting  material,  to  prevent  the  heat  from  being 
conducted  away.  By  suitable  flues  fresh  cold  air  can  be 
admitted  between  the  casing  and  the  stove,  and  when  it 
is  warmed  it  can  be  conducted  to,  and  distributed  in  the 
car  by  other  flues,  as  is  often  done  now  in  both  cars  and 
houses.  There  is  nothing  which  is  novel  or  untried  in  the 
appliances  which  are  proposed.  The  system  is  in  general 
use  in  houses,  and  to  a  limited  extent  in  cars.  It  is  true  it 
has  in  some  cases  failed  in  cars,  for  want  of  proper  atten- 
tion, or  knowledge  of  the  construction  of  some  of  the 
details.  Stoves  which  are  so  complicated  in  their  construc- 
tion that  they  are  never  used  in  houses,  are  sometimes  put 
under  cars  with  the  vain  hope  that  the  intelligence  of  the 
brakeman  or  the  porter  will  master  their  mysteries.  Now, 
the  first  requisite  of  a  car  stove  is,  that  it  should  be  sim- 
ple, and  the  more  it  resembles  an  ordinary  house  stove 
the  better,  because  then  the  knowledge  which  the  attend- 
ants acquire  at  home,  in  managing  their  own  stoves 
enables  them  to  take  proper  care  of  those  which  warm  the 
cars.  A  complicated  stove  is  potentially  condemned  be- 
fore it  is  applied  to  a  car. 

Next,  if  the  car  is  heated  by  warmed  air  it  is  essential 
that,  within  somewhat  wide  limits,  the  supply  of  cold  air 
admitted  to  the  stove,  and,  after  it  is  warmed,  to  the 
car,  should  not  be  either  too  great  or  too  small.  If 
it  is  admitted  by  a  fixed  hood  on  top  of  the  car  either 
too  much  air  will  enter  when  the  wind  is  ahead,  or  too 
little  when  it  blows  from  the  side.  It  is,  therefore,  desir- 
able that  a  revolving  hood  should  be  used,  with  a  vane 
attached  so  as  to  be  directed  towards  the  wind.  If  this  is 
done  a  comparatively  small  opening— with  about  30  or  40 
square  inches  of  area — will  be  found  sufficient. 

Care  must  also  be  taken  to  distribute  the  warmed  air  in 
the  car  properly.  Instead  of  using  registers  in  the  flues,  it 
seems  to  be  a  much  better  plan  to  make  the  flue  which  sup- 
plies the  warmed  air  with  a  larger  number  of  small  perfor- 
ations. The  number  of  these  should  increase  the  farther 
the  flue  is  from  the  source  of  the  supply  of  air,  because  at 
the  far  end  of  the  flue  the  pressure  of  the  air  is  reduced, 
and  a  smaller  quantity  will  therefore  flow  through  the 
openings. 

It  is  objected  to  this  method  of  heating,  that  the  stoves 
are  still  a  source  of  danger,  as  they  are  attached  to  the 
cars.  To  this  it  may  be  answered,  that  in  case  of  an  ac- 
cident,  if  the  stove  is  knocked   oH  the  car,  it  ceases  to 


be  a  source  of  danger,  and,  by  covering  the  bottom  of 
the  car  with  sheet-iron,  it  can  be  protected  from  the 
fire  in  the  stove  so  long  as  the  latter  is  not  broken  loose. 
It  is  true  that  in  accidents  like  that  at  Ashtabula,  when 
the  cars  are  run,  or  fall,  on  top  of  each  other,  the  stoves 
might  then  set  fire  to  the  cars,  but  in  nearly  all  cases 
it  would  lessen  the  risk  of  burning  if  the  stoves  were  in- 
side the  cars,  where  the  fire  could  he  reached  and  ex- 
tinguished, instead  of  outside  of  them,  where  it  is  inac- 
cessible. As  an  experienced  car-builder  remarked  at  the 
Boston  meeting,  he  "would  much  rather  take  his  chances 
in  an  accident  with  the  stoves  below  the  car  than  he  would 
if  they  were  inside."  The  opening  inside  of  the  car  for 
feeding  the  fire  could  readily  be  made  secure  with  a  suit- 
able cover. 

The  danger  from  burning  up  in  accidents  nearly  always 
arises  from  passengers  being  fastened  in  the  wreck  and 
unable  to  escape.  In  the  recent  and  in  many  other  acci- 
dents this  was  due  to  the  telescoping  of  the  cars.  What- 
ever lessens  the  danger  of  that,  therefore  diminishes  the 
risk  of  persons  being  burned. 

It  was  supposed  that  when  the  Miller  platform  was  in- 
troduced that  it  would  entirely  prevent  the  telescoping  of 
cars ;  but  recent  accidents  have  shown  that  such  is  not 
the  case.  No  doubt  the  Miller  platform  will  resist  shocks 
which  would  have  crushed  the  old-fashioned  cars  which 
were  used  before  it  was  introduced  ;  but  what  generally 
occurs  in  collisions  now  is  that  the  floor  of  the  one 
car  mounts  above  that  of  the  other,  as  shown  in  Fig.  i. 
The  position  of  the  two  car  bodies  is  shown  in  a  plan 
view  in  Fig.  2.  It  will  be  seen  that  when  the  cars  get 
into  this  position,  that  the  only  thing  which  resists  the 
car  A  from  crushing  or  telescoping  with  B,  is  the  side  j  j-. 
This  consists  of  posts  and  panels  and  has  very  litttle 
strength.  If,  however,  the  floors  of  the  cars  could  be  kept 
in  line,  or  the  one  be  prevented  from  raising  above  the 
other,  then  the  shock  would  be  resisted  by  the  lon- 
gitudinal sills  in  the  floor  which  have  a  great  deal  of 
strength.  What  is  needed,  therefore,  is  some  device  to 
keep  the  floors  of  the  cars  in  line,  and  prevent  the  one 
from  raising  above  the  other.  Happily,  we  have  not  far 
to  go  to  find  such  a  device.  The  Blackstone  platform  and 
coupler  have  been  in  use  on  the  Chicago  &  Alton  Railroad 
for  some  fifteen  years  or  more.  Of  the  coupler  no  other 
mention  need  be  made.  The  peculiar  feature  of  the  plat- 
form referred  to  is  shown  by  Fig.  3,  which  is  a  side  view, 
and  Fig.  4,  a  plan  of  the  floor  framing.  At  each  end  of  the 
cars,  two  safety  beams,  A  A'  and  B  B',  which  project  be- 
yond the  buffer-beams,  are  fastened  below  the  floor-sills. 
The  safety-beams  are  not  placed  at  equal  distances  from 
the  center  of  the  car,  but  one  is  further  from  it  than  the 
other,  so  that  when  one  car  adjoins  the  other,  as  shown 
on  the  right  side  of  Fig.  4,  the  safety-beams  interlock,  as 
shown.  It  will  also  be  seen  that  those  in  the  one  car  pro- 
ject under  the  buffer-beam  of  the  other,  so  that  the  one 
cannot  raise  up  without  taking  the  other  with  it.  In  this 
way  the  floors  are  kept  in  line  and  the  longitudinal  beams 
must  resist  the  shock  of  collision  instead  of  one  side  only, 
which  has  little  more  capacity  of  doing  so  than  the  paper 
in  hoops  has  of  opposing  the  leaps  of  a  circus-rider. 

These  safety-beams  are  the  invention  of  Mr.  Blackstone, 
President  of  the  Chicago  &  Alton  Railroad  Company. 
As  safety-guards,  in  case  of  accident,  they  appear  to  have 
as  much  value  as  the  Miller  platform,  although  there  is 
no  reason  why  they  should  not  be  used  conjointly.  Prob- 
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ably  if  Mr.  Blackstone  had  urged  the  adoption  of  his 
invention  with  the  same  \  igor.  and  with  the  same  me- 
thods, that  were  employed  to  make  the  Miller  platform 
known,  the  former  would  now  be  as  generally  used  as  the 
latter  is.  There  is  little  doubt  that  if  the  Blackstone 
device  had  been  adopted,  that  we  would  have  been  spared 
the  horrors  of  some  of  the  accidents  that  have  occurred 
in  recent  years. 

NEW   PUBLICATIONS. 

•■A  Skeich  of  I'HE  Life  and  Work.s  of  Geori;e  W. 
Whistler.  C.  E."—B_y  George  L.  Vose.  Prcsideitt  of 
the  Boston  Society  of  Civil  Engineers.  Boston  ;  Lee 
&  Shepard. 
This  little  book  is  a  brief  history  of  one  of  the  early 
and  most  noted  of  American  engineers.  It  is  printed  in 
a  very  luxurious  manner  and  is  prefaced  with  a  portrait 
apparently  some  kind  of  photo-copy  of  a  lithograph.  The 
author  has  collected  together  the  important  events  and 
work  of  the  subject  of  his  memoir,  which  to  the  rising 
generation  of  engineers,  are  probably  entirely  unknown. 
In  fact,  the  time  appears  to  be  not  far  off.  when  a  career 
like  that  of  Major  Whistler's  will  have  more  or  less  of  ro- 
mantic interest,  from  the  fact  that  such  professional  ex- 
perience will  be  quite  obsolete.  Engineering  is  every  day 
becoming  more  and  more  specialized.  The  man  who  lo- 
cates a  railroad  no  longer  designs  the  bridges,  and  firms  and 
companies  confine  themselves  exclusively  to  building 
either  wood,  iron  or  stone  structures.  This  process  of 
differentiation  goes  on  continually,  and  there  are  makers 
who  devote  themselves  exclusively  to  the  manufacture  of 
one  kind  of  car-wheels  or  one  particular  form  of  springs 
for  car-seats. 

In  the  early  days  of  railroads,  there  were  no  engineers. 
even  of  the  kind  into  which  Major  Whistler  and  his 
professional  cotemporaries  developed.  There  were  only 
military  engineers,  and  consequently  when  some  of  these 
were  detailed  for  work  which  was  not  military,  the  term 
"  civil  engineer  "  had  to  be  invented  to  distinguish  those 
who  were  no  longer  military.  In  1828,  the  Baltimore  & 
Ohio  Railroad  made  a  special  request  upon  the  Army  De- 
partment for  the  services  of  Lieut.  Whistler,  and  he  with 
several  others  were  sent  to  England  to  examine  the  rail- 
roads in  that  countr\'.  He  was  afterwards  engaged  on  vari- 
ous railroads  and  canals,  and  in  1842  he  received  an  ofier 
from  the  Emperor  of  Russia  to  act  as  consulting  engineer 
of  the  road  to  be  built  from  St.  Petersburg  to  Moscow. 
He  remained  in  that  service  until  his  death  in  1849. 

Of  his  professional  ability.  Prof.  Vose  writes  that  "he 
was  eminently  a  practical  man,  remarkable  for  steadiness 
of  judgment,  and  for  sound  business  sense.  Whatever  he 
did  was  so  well  done,  that  he  was  naturally  followed  as  a 
model  by  these  who  were  seeking  a  high  standard. 
Others  may  have  excelled  in  extraordinary  boldness,  or  in 
some  remarkable  specialty  ;  but  in  all  that  rounds  out  the 
perfect  engineer,  whether  natural  characteristics,  profess- 
ional training,  or  the  well-digested  results  of  long  and 
valuable  experience,  we  look  in  vain  for  his  superior ;  and 
those  who  knew  him  best  will  hesitate  to  acknowledge  his 

equal."  

BOOKS  RECEIVED. 
'•  The  Portable  Engine,  its  Construction  and  Man- 
agement."--.ffj  William  Dyson,  Wansborough.  Lon- 
don :  Crosby,  Lockwood  &  Co. 


•'  BULLEllN  OF  IHE  UnIIEI)  StaTES  GEOLOGICAL  SUR- 
VEY." Numbers  JO,  ji,  J2  iind  _ij.  Washington:  Gov- 
ernment Printing  Office. 
Catalogue  of  the  Brown  &  Sharpe  Manufac- 
turing Co." — January  i,  1887.  Providence.  R.  I.: 
Brown  &  Sharpe  Mfg.  Co. 

OBITUARY. 

Sir  JosEi'll  Whitworth.  the  eminent  English  mechani- 
cal engineer,  died  at  Monte  Carlo,  January  22,  aged  83  years. 
He  was  born  in  Stockport,  England,  and  at  the  age  of  14 
was  placed  in  a  shop  belonging  to  his  uncle.  After  mas- 
tering his  trade  he  worked  in  various  shops  in  Manchester 
and  London,  and  in  1S33  started  for  himself  as  a  tool- 
maker  in  a  small  shop  in  Manchester.  His  business  grad- 
ually increased  as  he  gained  a  reputation  for  careful  and 
accurate  work.  .Vbout  1840  he  attracted  attention  by 
making,  after  many  attempts,  surface  plates  which  were 
perfectly  true,  or  so  nearly  so  that  no  imperfection  could 
be  detected.  This  work  mcreased  his  reputation,  and 
his  business  increased  steadily.  In  the  London  Exposi- 
tion of  1851  he  again  attracted  attention  by  a  machine 
capable  of  measuring  the  millionth  part  of  an  inch,  and 
by  his  standard  screw  threads,  gauges,  etc. 

The  improvement  of  cannon  was  then  a  subject  of  much 
interest,  in  which  Sir  Joseph  Whitworth  took  part.  In 
1855  he  patented  the  famous  Whitworth  gun.  with  its 
polygonal  projectile  and  its  construction  differing  from 
that  of  all  rifled  guns  which  had  proceeded  it,  and  for 
years  much  of  his  attention  was  given  to  this  work. 

Meantime  his  works  has  grown  to  be  a  very  large  estab- 
lishment, and  he  turned  it  over  to  a  joint  stock  company, 
in  which  a  number  of  his  workmen  were  stockholders, 
retaining  a  controlling  interest  for  himself. 

In  1868  he  founded  what  are  known  as  the  "Whitworth 
scholarships  in  mechanical  science  ;"  they  are  30  in  num- 
ber, of  an  annual  value  of  $500  each.  In  1869  he  received 
the  title  of  baronet. 

For  some  15  years  past  Sir  Joseph  spent  much  of  his 
time  in  experimenting  largely  in  ordnance,  armor  plate 
for  vessels,  etc.  His  experiments  in  casting  steel  under 
pressure  are  well  known.  Lately  his  health  began  to 
fail,  and  he  was  at  Monte  Carlo  in  the  hope  of  benefiting  it. 

Professor  Edward  L.  Youmans  died  at  his  residence 
in  New  York,  January  iS,  aged  65  years.  He  was  born 
at  Coeymans,  N,  Y.,  and  spent  his  early  life  in  Saratoga  ; 
in  1851  he  went  to  New  York  City,  where  he  had  lived 
ever  since.  About  the  same  time  he  began  to  compile  and 
write  scientific  books,  having  overcome  by  his  own  energy 
and  ingenuity  the  obstacles  to  study  presented  by  an 
illness  which  impaired  his  sight,  and  even  rendered  him 
totally  blind  for  a  time.  By  the  aid  of  a  machine  which 
he  devised,  and  the  partial  recovery  of  sight,  he  wrote  the 
Class-Book  of  Chemistry  for  common  schools,  which  was 
published  in  1852.  After  this  he  lectured  extensively  and 
successfully  before  lyceums,  and  was  perhaps  the  first  to 
popularize  the  new  doctrines  of  the  conservation  and  cor- 
relation of  forces,  upon  which  he  subsequently  compiled 
a  book.  Mr.  Youmans's  interest  in  scientific  culture,  and 
in  the  diffusion  of  the  advanced  philosophical  ideas  of  the 
age  has  had  noteworthy  results.  He  early  exerted  him- 
self  for  the  reproduction  in  the  United  States  of  the  works 
of  Spencer,  Darwin,  Mill,  Bain,  Huxley,  Lecky,  Tyndall. 
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Mandsley,  Carpenter  and  other  emincni  tliink-;rs.  Ik- 
succeeded  in  etiecting  an  arrangement  with  the  American 
publishers  with  whom  he  associated  to  pay  foreign  authors 
as  American  authors  are  paid.  In  1871-72.  .Mr.  Youmans 
became  much  interested  in  the  question  of  international 
copyright,  and  went  abroad  to  organize  the  International 
Science  Series,  on  the  basis  of  a  simultaneous  publication 
in  diflferent  countries  of  scientific  books,  for  which  equit- 
able payment  should  be  made  to  the  authors.  He  estab- 
lished the  Popular  Science  Afont/ily.  and  conducted  it 
successfully  for  a  number  of  years. 

General  Ch.\rles  P.  Stone  died  of  pneumonia  at  his 
house  in  New  York.  January  24,  aged  62  years.  He  was  born 
at  Greenfield,  Mass.,  and  graduated  from  West  Point  in 
1845.  He  was  appointed  to  the  Ordnance  Department, 
and  served  until  1856.  when  he  resigned  from  the  army, 
and  was  for  several  years  employed  as  Chief  of  a  Commis- 
sion for  the  survey  and  exploration  of  the  Mexican  State 
of  Sonora.  In  1861  he  re-entered  the  army  and  served 
until  1S64,  reaching  the  rank  of  Brigadier  General  of  Vol- 
unteers. In  1862  he  was  arrested  and  confined  in  Fort 
Lafayette  under  charge  of  corresponding  with  the  enemy, 
but  was  subsequently  acquitted  by  a  court  martial,  and 
returned  to  the  service. 

In  1870  he  accepted  an  offer  to  enter  the  service  of  the 
Khedive  of  Egypt,  and  was  appointed  Chief  of  the  Gen- 
eral Staff  of  the  Egyptian  Army.  This  position  he  held 
until  1883,  and  through  him  a  number  of  American  offi- 
cers received  appointments  in  Egvpt. 

In  1SS3  General  Stone  returned  to  the  United  States. 
and  was  appointed  Chief  Engineer  of  the  American  Com- 
mittee for  the  erection  of  the  Bartholdi  Statue  of  Liberty. 
His  last  illness  was  very  short,  and  his  denth  was  unex- 
pected. 

Gener.^l  William  B.  Hazen,  Chief  Signal  Officer  of 
the  United  States  Army,  died  in  Washington,  January 
16,  aged  56  years.  He  was  born  in  West  Hartford,  Vt., 
and  graduated  from  West  Point  in  1851.  He  served 
during  the  war  as  Colonel,  Brigadier  General  and  Major 
General  of  Volunteers.  After  the  war  he  was  made 
Colonel  of  the  Thirt3-eighth  Infantry,  and  in  1880  was 
appointed  Chief  Signal  Officer  of  the  Army,  having  in 
that  capacity  control  of  the  Weather  Bureau,  and  became 
widely  known  throughout  the  country.  General  Hazen 
was  a  faithful  and  efficient  officer,  but  his  administration 
was  much  criticised,  and  a  pugnacious  disposition  in- 
volved him  in  many  controversies,  and  made  him  many 
enemies. 

John  Roach,  the  noted  ship-builder,  died  at  his  resi- 
dence in  New  York,  on  Jan.  loth.  He  was  born  in  Ire- 
land in  1813.  His  father  failed  when  he  was  14  years  old. 
Soon  after  he  came  to  this  countr\%  and  commenced  life 
as  many  other  successful  men  have,  with  nothing  but 
their  own  character. 

The  following  account  of  his  life  is  taken  from  the  New 
York  Sun; 

Soon  after  coming  to  this  country  he  got  work  at  the 
Howell  Foundry,  then  owned  by  James  Allaire,  and  began 
his  career  in  the  iron  business. 

Three  years  later  he  found  himself  with  a  capital  of 
$1,200.  He  went  West  with  S500,  leaving  $700  with  Mr. 
Allaire.  Allaire  failed.  Mr.  Roach  had  paid  $500  on 
some  land,  the  site  of  the  present  city  of  Peoria,  111.,  and 


the  loss  of  the  $700  stranded  him.  By  working  on  a  canal 
he  saved  money  enough  to  get  back  to  the  foundry.  Three 
weeks  later  he  started  with  some  of  his  fellow  workmen 
an  independent  foundry.  It  prospered,  and  they  soon  had 
$1,000  to  their  credit.  -vl^Iis  partners  thought  things  were 
going  at  too  alarming  a  pace,  and  that  they  should  draw 
out  while  they  had  the  wind  in  their  favor.  Mr.  Roach 
bought  them  out  very  readily.  That  was  some  forty  years 
ago,  and  in  1885  the  same  men  were  working  for  Mr. 
Roach  in  the  Morgan  Iron  Works  in  the  same  capacity 
they  occupied  when  they  entered  into  the  foundry  enter- 
prise. 

Mr.  Roach  conducted  the  foundry  independently  for 
about  six  years,  and  then  another  of  those  disasters  which 
seem  to  have  dogged  his  footsteps  persistently^all  through 
his  life,  came  upon  him  and  ruined  him  again.  A  heavy 
boiler  in  the  works  blew  up,  shattering  everything,  level- 
ling the  building  to  the  ground  and  killing  six  men.  He 
found  a  man  who  would  lend  him  a  little  money,  not  all 
he  wanted,  to  be  sure,  yet  enough  to  warrant  him  in  mak- 
ing another  venture.  He  rebuilt  his  buildings  and  was 
soon  at  work  again.  From  that  day  on  his  business 
steadily  increased  beyond  the  most  sanguine  hopes.  It 
outgrew  plant  after  plant.  He  bought  the  big  Morgan 
Iron  Works,  at  the  foot  of  East  Ninth  street,  in  this  city, 
and  in  1871  he  bought  of  Rainer  &  Sons,  the  big  ship-yard 
at  Chester,  where,  at  one  time,  he  gave  employment  to 
more  than  3.000  men.  For  the  Morgan  Iron  Works  he 
paid  §400,000. 

It  had  been  his  dream  to  revive  American  ship-build- 
ing, and  to  prove  to  the  world  that  it  was  folly  to  fancy 
that  nowhere  could  so  good  ships  be  built  as  on  the  Clyde. 
His  ambition  in  the  foundry  line  was  pretty  well  satisfied. 
Besides  the  Morgan.  ^-Etna,  the  Neptune  and  the  Frank- 
lin Forge,  he  bought  out  the  old  Allaire  Works,  where  he 
got  his  first  job.  He  devoted  himself  almost  exclusively 
to  the  Chester  ship-yards.  Vessel  after  vessel  was  turned 
out  in  rapid  succession.  Besides  those  from  the  Gov- 
ernment he  had  contracts  from  the  Pacific  Mail  Com- 
panv.  the  Mallory  line,  the  Oregon  Navigation  Company, 
the 'Old  Dominion,  and  half  a  dozen  other  of  the  largest 
.American  lines,  turning  out  for  each  first-class  vessels, 
ranging  in  size  from  5.000  tons  down.  .Among  them  were 
the  enormous  Pacific  Mail  steamships  City  of  Tokio  and 
City  of  Pe/cin.  plying  between  San  Francisco  and  Japan 
and  China.  In  twelve  years  the  Chester  yards  turned  out, 
completed,  sixty-three  \  essels. 

Mr.  Roach  was  always  a  strong  protectionist,  and  a  be- 
liever in  subsidies.  He  argued  both  in  pamphlets  and 
magazines,  and  orally,  with  a  good  deal  of  energy,  that  it 
would  be  impossible  for  an  American  company,  even 
though  the  ships  were  given  to  it  free  of  cost,  to  compete 
with  an  English  line  unless  the  .Americans  received  a  hand- 
some subsidy. 

Mr.  Roach's  relations  with  the  Government,  and  par- 
ticularly his  unfortunate  last  contract,  which  resulted  in 
the  refusal,  at  first,  of  the  Dolphin,  and  was  followed  by 
Mr.  Roach's  failure,  are  all  fresh  in  the  public  mind.  The 
closing  of  Mr,  Roach's  great  workshops  was,  undoubtedly, 
the  severest  blow  of  his  life. 


JPporFpiiings  of  ^oriFtiFX. 

American    Society  of  Civil   Engineers. 

A  BUSINESS  meeting  of  this  Society  was  held  in  New 
York,  Jan.  5.  After  business  relating  to  the  annual  meet- 
ing had  been  disposed  of,  a  number  of  written  discussions 
of  Mr.  Dorsey's  paper  on  Irrigation  were  read. 

These  discussions  developed  mainly  the  following  points: 
I.  "Duty"  (so  called)  of  irrigation  water.  This  is  the 
number  of  acres  which  one  cubic  foot  of  water  per  second 
flowing  through  the  irrigation  canal  will  irrigate.  This 
ranges  from  56  acres  on  the  very  lavish  system  in  vogue 
in  Colorado,  to  1,500  acres  on  the  hose-watering  system 
used  in  California  for  orchards.  Under  the  latter  plan, 
only   a   small    space    immediately   around    each   tree   is 
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watered.  For  a»true  irrigation  system  conducted  econ- 
omically, the  duty  may  be  set  down  as  150  to  200  acres, 
according  to  the  amount  of  rainfall  of  the  region,  and  as- 
suming that  the  region  will  not  produce  a  crop  which  will 
pay  for  cultivation  without  irrigation.  Of  course,  where 
there  is  enough  rainfall  to  get  along  with,  e.xcept  in  very 
dry*  times,  the  duty  will  be  increased  over  the  above 
figures. 

2.  The  injurious  effects  of  irrigation  on  certain  crops. 
From  the  California  experience  it  is  not  at  all  clear  that 
irrigation  is  advantageous  for  cereals  in  proportion  to  the 
expense  of  irrigating.  For  clover  and  roots  of  all  sorts  it 
is  generally  admitted  to  be  highly  profitable.  For  fruits 
of  all  kinds  there  is  strong  opposition  to  it  in  California. 
It  is  reported  to  increase  the  size  of  fruits,  but  to  render 
them  insipid  and  less  able  to  bear  transport. 

3.  The  abrogation  of  riparian  rights.  The  laws  of  the 
States  and  Territories  where  irrigation  is  absolutely  nec- 
essary to  secure  crops,  such  as  Colorado,  Utah  and  Wyo- 
ming, have  repudiated  the  right  of  the  riparian  proprietor 
to  the  water  of  streams,  unless  actually  used  by  him  for 
irrigation,  viz.:  An  irrigation  company  may  appropriate 
the  entire  flow  of  a  stream  not  yet  made  use  of  for  irriga- 
tion, but  if  they  do  not  carry  the  whole  flow,  other  parties 
may  appropriate  any  portion  of  the  flow  which  is  not 
needed  to  fill  the  canal  of  the  parties  already  in  posses- 
sion.   

THE   ANNUAL   MEETING. 

The  annual  meeting  of  this  Society  was  held  in  New 
York,  January  19  and  20. 

On  Wednesday,  January  19,  the  meeting  was  called  to 
order  at  1 1  o'clock,  and  Mr.  C.  E.  Emery  was  called  to 
the  chair. 

The  report  of  the  directors  stated  that  114  members 
had  been  added  during  the  year,  and  16  had  been  lost  by 
death,  transfer,  etc.  The  number  of  members  now  is 
1,019,  ^n  increase  of  98.  There  had  been  an  unusual 
activity  in  the  Society  during  the  year,  and  there  were 
more  papers  contributed  to  the  Transactions  than  in  any 
previous  year. 

The  Norman  medal  for  the  year  was  awarded  to  Mr. 
Edward  Bates  Dorsey,  member  of  the  Society,  for  his 
paper  on  English  and  American  Railways  compared. 

The  Rowland  prize  was  awarded  to  Mr,  Charles  C. 
Schneider,  member  of  the  Society,  for  liis  paper  entitled 
the  Cantilever  Bridge  at  Niagara  Falls. 

The  Committee  on  Uniform  Standard  Time  made  an 
interesting  report  on  the  progress  of  the  movement  for 
its  adoption,  with  particular  reference  to  the  Canadian 
Pacific  Railway.  This  company  has  given  it  about  a 
year's  trial  on  the  western  division  and  branches,  com- 
prising altogether  2,600  miles  of  road.  Letters  were  read 
from  conductors,  train  dispatchers,  superintendents,  and 
the  Assistant  General  Manager.  They  all  spoke  of  its 
simplicity,  absolute  freedom  from  ambiguity  in  orders, 
and  consequent  increase  of  safety  to  passengers  and  traf- 
fic, of  its  ready  adoption  by  tlie  public,  its  great  advan- 
tages in  the  movement  ol  trains,  etc.,  and  they  all  desire 
its  adoption  over  the  whole  line  and  connecting  roads. 
It  is  understood  that  the  Canadian  Pacific  will,  within  the 
year  to  come,  adopt  the  new  method  over  its  whole  line. 

The  Society  passed  resolutions  recommending  Mayors 
of  cities  to  have  clock-dials  on  public  buildings  arranged 
for  its  use,  and  the  posi-olTice  authorities  also  recognize  it 
in  an  official  manner.     The  Committee  was  continued. 

The  Committee  on  the  Form  of  Rails  and  Car  Wheels 
presented  a  short  report  and  was  continued. 

The  Committee  on  Compression  of  Cement,  Mortar, 
etc.,  under  strain,  made  a  report  of  progress,  and  referred 
to  important  information,  soon  to  be  published,  which  has 
been  obtained  from  tests  made  at  the  Watertown 
Arsenal. 

The  place  of  the  next  convention  was  discussed,  and 
the  feeling  strongly  expressed  that  it  was  not  desirable  to 
meet  in  a  large  city.  Newport.  Saratoga,  the  Thousand 
Islands,  Old  Point  Comfort,  etc.,  were  all  suggested,  and 
a  resolution  passed  referring  the  matter  to  the  Board  of 
Direction,  with  the  proviso  that  the  place  selected  shall 
have  a  hotel  large  enough  to  accommodate  all  who  may 
attend,  and  that  it  shall  not  be  near  a  large  city. 


The  result  of  ballot  for  officers  was  then  announced  as 
follows:  President,  William  E.  Worlhen  ;  Vice-Presidents, 
Thomas  C.  Keefer,  Thomas  F.  Rowland  ;  Secretary,  John 
Bogart ;  Treasurer,   J.    I.    R.   Croes ;    Directors,  William 

I  G.  ilamilton,  Charles  C.  Schneider,  Stephenson  Towle, 
James  Archibald.  Robert  Forsyth. 

.'\fter  lunch   in   the   Society's  rooms,  an  afternoon  ses- 

[  sion  was  held.  The  chief  business  was  a  discussion  on 
the  Prevention  of  Pipe  Corrosion,  in  which  the  chief 
points  developed  were  the  excellent  effect  in  this  respect 
of  riveting  on  pieces  of  zinc  to  the  outside  of  wrought- 
iron  pipes,  and  the  fact  that  cast-iron  pipes  laid  in  dry 
sand   in   Philadelphia  had  remained  for  52  years  entirely 

j  free  from  corrosion,  while  the  same  pipe  line  where  it 
passed  through  gravel  fell  to  pieces  shortly  after  being 
removed. 

I  An  evening  session  was  held  at  20:30  o'clock,  when  Mr. 
Charles  Macdonald  read  the  paper  on  a  Large  Testing 
Machine  which  is  published  elsewhere  in  this  issue. 

The  reading  of  this  paper  was  followed  by  a  long  and 
interesting  discussion,  in  which  a  number  of  members 
took  part.  Lack  of  space  prevents  us  from  giving  a  sum- 
mary of  this  discussion. 

On  Thursday,  January'  20,  the  members  visited  and  in- 
spected the  new  Suburban  Rapid  Transit  road,  and  the 
new  bridge  over  the  Harlem  River  at  Second  avenue. 
They  then  visited  the  Continental  Iron  Works  and 
Greenpoint,  and  wound  up  by  a  visit  to  the  Statue  of 
Liberty. 

The  reception  at  the  Society's  house  in  the  evening  was 
largely  attended  and  much  enjoyed.  Supper  was  served 
at  21.30  o'clock. 


New  England  Railroad  Club.* 

The  January  meeting  of  this  club  was  held  on  the 
evening  of  the  12th,  with  President  Marden  in  the  chair. 
The  subject  for  discussion  was  "  Heating  and  Lighting 
Cars  in  Passenger  Service." 

A  number  of  letters  were  read  from  manufacturers  and 
inventors  of  appliances  for  heating  cars,  describing  the 
appliances  which  they  have  devised. 

Mr.  J.  A.  Coleman,  of  Providence,  said  that  he  believed 
it  is  just  as  proper  to  heat  a  train  of  cars  from  some  cen- 
tral point,  away  from  the  cars,  as  it  is  in  a  house.  He  can 
see  no  reason  why  a  boiler  could  not  be  placed  in  the 
baggage  car  and  heat  the  passenger  coaches  from  that. 
He  thought  some  means  might  be  devised  by  which  main 
pipes  might  be  run  under  the  cars  and  so  arranged  as  to 
supply  heat  evenly  in  all  parts  of  the  car.  He  suggested 
as  an  answer  to  the  objection  that  cars  cannot  be  heated 
when  the  locomotive  is  unattached,  that  a  boiler  might 
be  located  in  the  station  so  as  to  heat  the  cars  by  flexible 
connections. 

President  Marden  said  he  had  no  doubt  every  railroad 
would  like  to  get  rid  of  the  stoves  in  each  car,  but  there 
are  some  questions  he  would  like  to  have  answered,  and 
he  proceeded  to  speak  of  the  difficulties  to  be  overcome 
where  trains  run  out  of  the  stations  with  only  three  or 
four  minutes  between  them,  and  where  cars  are  taken  on 
or  left  oft'  at  branches. 

Mr.  J.  N.  Lauder,  of  the  Old  Colony  Railroad,  suggested 
that  the  system  of  heating  was  the  one  to  be  considered. 
The  heating  with  hot  water,  he  thought,  had  proved  very 
successful,  and  the  only  possible  objection  he  saw  was  the 
possible  danger  of  one'of  the  heaters  breaking  away  from 
its  fastenings  and  setting  fire  to  the  car  in  case  of  derail- 
ment. He  had  never  heard,  however,  of  one  of  these 
heaters  ever  setting  fire  to  the  cars,  though  he  had  known 
of  their  being  torn  from  their  fastenings.  Still,  there  may 
be  danger  some  time.  He  had  thought  of  inclosing  the 
heater  in  a  compartment  of  boiler  iron,  but  that  derail- 
ment might  take  place  when  the  doors  were  opened  to 
replenish  the  fire.  Placing  the  heater  in  the  baggage  car 
would  not  do  away  with  the  danger  from  fire,  because  the 
baggage  car,  in  case  of  derailment,  might  be  buried  up 
I  beneath  the  passenger  cars.  Mr.  Lauder  said  he  believed 
I  the  Old  Colony  has  the  best  system  of  heating  in  the 
*  The  most  0/  the  following  report  is  from  the  Boslon  Hemld. 
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world.  He  contended  that,  with  the  various  stations 
where  cars  stand  all  night  on  his  road,  the  system  of  heat- 
ing from  the  locomotive  is  impracticable. 

Air.  W.  Martin,  the  inventor  of  the  Martin  anti-fire  car- 
heater,  said  he  has  often  heard  the  same  objections  as  ad- 
vanced by  Mr.  Lauder  ajjainsl  heatinfj;  with  steam  from  the 
engine.  He  said  the  objection  that  steam  taken  from  the 
engine  would  cripple  it,  has  been  proved,  on  the  Boston  & 
Albany  Railroad,  to  be  entirely  baseless.  He  contended 
that  the  economy  and  safety  io  be  obtained  in  heating 
from  the  engine  are  suthcient  to  lead  every  railroad  to 
change  its  methods  of  operating  its  passenger  service. 
He  claimed  that  by  his  system  the  cars  can  be  warmly 
heated  in  the  coldest  weather.  When  the  train  on  the 
Boston  &  Albany  road  is  ready  to  go  out,  the  engine  is 
attached  about  ten  minutes  before  starting,  and  quickly 
heats  it. 

Mr.  Emerson  said  that  his  system  of  heating  cars  has 
been  in  use  on  the  Connecticut  River  Railroad  for  the 
past  five  years.  He  first  tried  a  boiler  in  the  baggage  car, 
which  was  a  nuisance.  His  method  is  to  heat  with  steam 
taken  from  the  engine.  He  then  has  a  small  boiler  under 
each  car,  which  is  filled  from  the  drip  from  the  engine. 
This  boiler  can  be  fired  up  in  case  the  engine  is  detached 
from  the  train.  He  found  i  '+  -'nch  pipe  was  the  best  size 
to  use.  At  Holyoke,  the  railroad  company  had  pipes 
arranged  so  that  the  cars  could  be  connected  with  the 
boilers  for  heating  the  engine-house.  By  this  means  the 
cars  could  be  warmed  in  from  ten  to  twenty  minutes, 
while  standing  at  the  station.  The  pipes  in  the  cars  are 
connected  together  by  rubber  hose,  which  cost  75  cents 
each  and  would  last  a  few  months. 

Mr.  G.  W.  Cremer  said  he  thought  it  was  time  to  have 
something  said  on  the  other  side.  They  had  heard  of 
nothing  but  steam.  He  said  he  thought  if  they  would 
place  a  coil  of  pipes  in  one  end  of  the  car,  surround 
it  with  sheet-iron,  let  the  cold  air  into  the  center 
of  this  coil,  and  then  conduct  this  heated  air  along  the 
sides  of  the  car,  they  would  get  both  the  heat  and  the 
ventilation. 

Mr.  Chase  said  he  had  been  able  to  heat,  by  e.xhaust- 
steam,  a  building  1,500  feet  from  the  engine,  and  he, 
therefore,  saw  no  reason  why  the  longest  train  cannot  be 
heated  from  the  engine,  nor  why  trains  cannot  be  heated 
from  boilers  in  stations  before  the  engine  is  attached. 

Mr.  A.  G.  Gouge,  of  New  York,  said  that  some  years  ago. 
at  a  meeting  of  master  car-builders,  it  was  decided  that  it  is 
necessary  to  admit  fresh  air  into  the  car,  and  if  so,  it  is 
necessary  to  heat  it,  and  thus  you  get  heat  and  ventila 
tion  both.  He  asked  if  it  would  not  be  well  for  the  club 
to  get  up  a  bureau  of  experts  who  would  pass  upon  aH  the 
several  inventions. 

Mr.  Johnson  said  that  he  had  sold  about  600  of  his 
heaters,  and  that  it  could  not  set  fire  to  a  car. 

Mr.  M.  N.  Forney  was  invited  to  give  his  views.  He 
said  he  believed  people  are  rapidly  coming  to  the  idea 
that  the  fire  for  heating  the  cars  must  be  put  outside,  and 
if  the  railroads  don't  do  it,  the  Legislatures  will  compel 
them  to  do  so.  The  Reading  Railroad  has  been  heating 
a  large  number  of  its  cars  with  heaters  under  the  cars, 
and  it  has  been  doing  so  for  ten  years.  He  did  not  say 
there  are  not  some  objections  to  the  system  in  use  on  the 
Reading,  but  he  thought  if  a  law  should  be  enacted  making 
it  compulsory  to  put  all  stoves  under  the  cars,  inventors 
would  quickly  devise  improvements  in  the  various  systems 
now  in  use.  Mr.  Forney  referred  to  the  telescoping  of 
cars  in  case  of  collision,  and  explained,  by  drawings  on 
the  blackboard,  inventions  designed  to  prevent  such  acci- 
dents. 

Mr.  Creamer  inquired  if,  in  the  recent  accidents,  the 
fires  had  not  been  caused  from  inferior  heaters  in  baggage 
cars,  and  if  all  railroads  do  not  put  inferior  heaters  in 
their  baggage  cars. 

Mr.  Rose,  President  of  the  Mam  Water-Gas  Company, 
explained  the  manner  in  which  that  company  is  heating 
and  lighting  cars. 

Mr.  Creamer  stated  that  last  fall  the  Reading  Railroad 
bought  sixty  stoves  to  put  inside  their  cars,  and  also  said 
that  two  cars,  heated  by  stoves  under  them,  had  been 
burned  recentlv. 
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Mr.  Adams  said  he  thought  the  danger  from  a  stove 
under  the  car  would  be  as  great  as  If  it  was  in  the  car. 
He  said  his  judgment  is  that  steam  is  the  "coming  heat  " 
for  cars.  He  indorsed  the  Martin  system,  now  being  tried 
on  the  Boston  &  Albany. 

Mr.  Marden  remarked  that,  in  case  of  accident,  he 
would  much  rather  take  his  chances  with  a  stove  under 
the  car  body  than  with  one  inside. 

Mr.  Folsom  thought  that  the  stoves  had  been  abused 
more  than  they  deserve,  and  he  did  not  think  that  it  had 
yet  been  clearly  established  that  ic  any  of  the  accidents 
the  stoves  had  set  fire  to  the  cars.  He  thought  that,  ordi- 
narily, the  ventilation  of  cars  was  reasonably  good,  that 
the  doors  are  opened  frequently,  and  there  are  numerous 
crevices  that  admit  the  air.  and,  speaking  humorously,  he 
said  there  are  the  two  key- holes  which  admit  some  air. 

Mr.  Creamer  and  Mr.  Coleman  both  protested,  and  said 
that  the  ventilation  was  often  outrageously  insufficient, 
to  which  another  gentleman  uttered  a  profound  amen. 

.■\ftei  some  more  desultory  discussion  the  meeting  ad- 
journed. 

At  the  next  meeting  of  the  Club,  which  will  be  held  at 
the  rooms  in  the  Boston  &  Albany  station,  in  Boston,  on 
the  evening  of  February  9,  the  subject  of  Heating  and 
Lighting  Cars  will  be  continued. 


The  Master  Car-Builders'  Club. 

The  regular  monthly  meeting  was  held  at  the  rooms. 
No.  113  Liberty  street,  New  York,  on  the  evening  of 
Thursday.  January  20.     Mr.  C.  E.  Garey  presided. 

The  committee  appointed  at  the  last  meeting  (Messrs. 
C.  A.  Smith,  Willis  Davis,  J.  T.  Leighton,  W.  R.  Daven- 
port and  C.  R.  Woodin)  presented  a  brief  memorial  on 
the  late  Leander  Garey,  with  resolutions,  which  were 
unanimously  adopted. 

The  Chairman  stated  that  the  subjects  for  discussion 
were  :  Car  Coupling,  with  reference  to  the  two  leading 
classes  of  couplers,  the  Hook  and  the  Link  and  Pin 
types;  and  the  value  of  Slack  in  starting  trains.  It  was 
not  the  intention  to  discuss  the  merits  of  individual  coup- 
lers, but  those  of  the  two  leading  types  or  classes. 

Letters  were  read  from  Messrs.  J.  R.  Kinsey,  W.  J.  Lor- 
raine and  Peier  Campbell,  all  referring  to  the  advantages 
of  a  certain  amount  of  slack  in  starting  freight  trains. 

The  Chairman  urged  the  importance  of  the  adoption  of 
some  form  of  automatic  coupler,  in  view  especially  of 
the  disposition  to  take  legislative  action. 

Mr.  Baker  (Delaware,  Lackawanna  &  Western)  said  that 
they  had  tried  some  12  diflterent  couplers.  They  had 
found  the  best  results  with  a  certain  amount  of  slack. 

Mr.  Thurmond  said  that  slack  could  be  given  in  a  ver- 
tical plane  or  hook  coupler,  as  well  as  with  a  link  and 
pin. 

The  discussion  was  contmued  by  Messrs.  Colburn,  Cook, 
Shinn,  Opdyke  and  Smillie. 

Mr.  Hien  believed  that  the  best  results,  so  far  as  start- 
ing trains  is  concerned,  is  obtamed  by  increasing  the  play 
of  the  bunter  springs,  not  by  giving  slack  in  the  coupling. 
He  also  referred  to  the  increase  which  had  been  made  in 
weight  of  cars  and  trains  without  corresponding  increase 
in  strength  of  draw-bars,  and  said  that  the  links  now  used 
in  coupling  were  far  too  weak. 

Mr.  McKeen  said  that  he  had  been  promised  by  Super- 
intendent Goodwin  of  the  Lehigh  Valley  road  opportuni- 
ties for  an  open  test  of  couplers  on  that  road.  Due 
announcement  will  be  made  as  soon  as  the  details  are 
arranged. 

A  recess  was  then  taken  to  enable  representatives  of 
couplers  present  to  explain  the  merits  of  their  respective 
devices. 

.After  the  recess  the  discussion  was  continued  by  Messrs. 
McNally,  Hien.  Neale  and  others. 

The  Chairman  announced  that  the  regular  subject  at 
the  February  meeting  would  be  the  Heating  and  Lighting 
of  Passenger  Cars.  The  question  of  changing  the  name 
of  the  Club  and  finding  other  quarters  would  also  be 
brought  up.     The  meeting  then  adjourned. 
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PERFORMANCE    OF    A    PUMPING    ENGINE. 


(Concluded  from  page  ii.t 

During  the  preliminary  test  of  the  engine,  Dec.  19-21, 
1S85,  an  attempt  was  made  to  chect;  the  calculated  deliv- 
ery of  the  pumps,  by  an  estimate  of  the  rate  of  inflow  to 
the  well  corresponding  to  the  level  to  which  the  surface 
of  the  water  was  lowered  with  a  given  speed  of  the 
engine. 

For  this  purpose  the  well  was  puni])cd  down  to  a  level. 
15.18  feet  below  the  B.  M.  from  which  the  stages  of  water 
were  taken  during  the  trial  for  duty,  the  engine  stopped 
and  the  well  allowed  to  fill  by  infiltration  to  a  level  6.48 
feet  below  B.  M.,  when  it  was  again  pumped  down  to 
15.06  feet  below  B.  M.  and  again  allowed  to  fill  by  natural 
process  to  7.25  feet  below  B.  M. 

During  these  tests  the  levels  in  the  well  were  t^ken 
every  30  seconds,  one  observer  holding  the  line  and  float 
and  reading  the  levels  on  the  line  from  B.  M.  as  an  inde.x  ; 
another  noting  the  time;  and  two  others  independently 
entering  the  time  and  levels  in  separate  note-books  as 
they  were  called  off^ 

It  was  intended,  in  this  experiment,  to  pump  the  well 
down  below  the  lowest  point  which  would  probably  be 
reached  while  pumping  with  the  engine  at  contract  speed 
and  this  point  was  fixed  upon  the  judgment  of  the  engi- 
neer in  charge  of  the  house;  but.  unfortunately,  upon 
working  the  engine  afterwards  for  several  hours  at  con- 
tract speed,  the  level  was  drawn  down  below  the  lowest  in 
the  tests  for  rate  of  inflow,  and  recourse  was  had  to  calcu- 
lation  to  determine  the  rate  of  inflow  at  the  lower  levels. 

The  set  of  observations  first  taken  of  the  rate  of  inflow 
to  the  pump  well  contained  three  known  errors  of  time 
readings,  which  were  rejected,  and  a  curve  constructed 
from  the  remaining  observations  was  handed  Prof.  H.  T. 
Eddy,  of  the  Cincinnati  University,  with  a  request  to 
locate  the  asymptotes  and  extend  the  branches  of  the 
curve,  whereby  rates  of  inflow  at  levels  above  and  below 
those  taken  might  be  read  off  graphically. 

In  locating  the  asymptotes  and  extending  the  curve, 
Prof.  Eddy  had  no  knowledge  of  the  probable  rate  of  in- 
flow to  the  well,  but  was  informed  that  the  maximum 
level  might  be  found  approximately  0.5  foot  above  the 
highest  level  read,  and  was  limited,  in  developing  an  equa- 
tion for  the  curve,  to  the  107  observations  of  time  and  line 
readings  taken  during  the  experiment. 

The  lowest  point  from  which  observations  of  rate  of 
inflow  were  taken  was  15.18  feet  below  B.  M.,  while  the 
average  and  nearly  uniform  level  for  17  hours'  operation 
of  the  engine,  at  134.32  feet  piston  speed,  was  16.S  feet 
below  B.  M. 

From  the  projected  curve  of  observation,  the  time  re- 
quired to  raise  the  level  from  17  feet  below  B.  M.  to  16.6 
feet  below  same  datum,was  0.42  minute,  exhibiting  a  mean 
rate  of  rise  of  level  of  -5-^  =  0.952  foot  per  minute. 

The  well  was  carefully  measured,  and  found  to  have  a 
diameter  of  20  feet  at  the  coping,  which  was  flush  on  the 
inside  with  the  surface  of  the  curb;  and  assuming  (as  it 
appeared  to  be)  a  uniform  diameter  for  all  depths,  then  a 
rate  of  inflow  or  rise  of  0.952  foot  per  minute  represented 


120,207  gallons. 


299.0S  riibic  feet,  or  2237.12  gallons  per  minute,  as  the  de- 
livery from  surrounding  soil  to  the  well.  2237.12  gallons 
per  minute  is  equivalent  to  an  inflow  of 

2237.12  X   1440=  3.221.452.8 
gallons  per  diem. 

During  the  17  hours  of  preliminary  test,  the  engines 
worked  at  an  average  speed  of  26.8647  revolutions  per 
minute,  corresponding  to  a  displacement  of  plungers  of 

81.706  X  26.8647  X   1440  =  3,160,810 
gallons  per  diem. 

The  mean  consumption  of  injection  water  (which  was 
drawn  from  the  suction  pipe)  is  estimated  at  30  pounds 
per  pound  of  steam  condensed,  and  the  weight  of  steam 
delivered  to  the  condenser  as  17.33  pounds  per  indicated 
horse-power  per  hour,  as  estimated  from  the  data  of  sub- 
sequent duty  trial. 

The  indicated  horse-power  of  the  engine  for  the  17 
hours  of  trial,  Dec.  20-21,  from  careful  measurements  of 
the  indicator  diagrams,  was  80.25  :  a"d  probable  injection 
water  per  diem 

80,25   X    '7-33  2<_Jo  X    24 

8:33 

(Temperature  of  injection  water,  52°  F.) 

The  mean  surface  of  water  in  pump  well  during  the  17 
hours  of  trial.  Dec.  20-21,  1885,  was  16.8  feet  below  B. 
M..  and  the  calculated  inflow  3,221,452.8  gallons  per 
diem. 

Of  this  quantity,  it  is  estimated  that  3,221,452.8 — 120,- 
207  =  3,101.245.8  gallons  were  discharged  through  the 
pumps,  or  at  this  rate  for  the  period  of  trial,  leaving 
59,564.2  gallons,  or  1.89  per  cent,  of  plunger  displacement, 
to  cover  loss  of  action  of  the  pumps. 

Subsequent  to  the  trial  for  duty,  the  engine  was  oper- 
ated for  test  under  the  provision  of  the  specification  and 
agreement,  which  requires  a  fire  pressure  of  130  pounds, 
at  130  feet  piston  speed,  with  70  pounds  steam  pressure. 

To  accomplish  this,  the  high-pressure  cylinder  was 
worked  at  full  stroke,  and  steam  direct  from  the  pipe  was 
taken  through  an  iX  inch  bye-pass  pipe  into  the  low- 
pressure  cylinder. 

A  few  minutes  after  this  test  was  commenced,  a  joint 
over  the  dome  of  the  boiler  in  the  old  boiler-house  blew 
out,  preventing  an  operation  of  the  engine  for  the  full 
time  desired.  The  pressure  for  fire  purposes  was  under- 
stood to  mean  the  total  head  against  which  the  pumps 
work,  and  was  measured  from  the  surface  of  water  in  the 
pump  well  as  in  the  duty  trial. 

During  this  test,  the  steam  and  water-pressure  gauges 
were  read  independently  every  two  minutes  by  two  ob- 
servers, and  the  engine  counter  and  level  of  water  in  the 
pump  well  similarly  noted,  with  the  following  results: 

Average  steam  pressure 68.75  pounds. 


piston  speed  p 

'•       both 114-065 

level  01  water  in  pump  well,  below  B.  .M ■5-4=7  'e=t. 

Difference  surface  of  w 

ater  in  pump  well,  and  cent,  water- 

Difference  surface  of  « 

ater  in  pump  well,  and  cent,  water- 

Allowance  for  extra  frictional  resistance  of  water  passages 

Total  head  pumped  against  during  test  for  fire  purposes 129-548       '* 

With  a  constant  steam   pressure  of  70  pounds,  and  a 
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boiler  cai)acity  siillirieiit  to  liiniisli  the  rc<iiiired  amount 
of  steam,  the  engine — wiili  the  addition  of  the  bye-pass 
to  take  steam  direct  into  the  low-pressure  cylinder — will 
readily  work  against  a  total  pressure  for  fire  purposes  of 
130  pounds  from  surface  of  water  in  pum|)  well,  at  130 
feet  piston  speed,  or  at  the  rate  of .  3,000,000  ^'allc^ns  per 
diem  of  24  hours. 

The  indicator  diagrams   taken  during   the   trial   were 
scaled  and  worked  with  the  following  average  results  : 

Diagrams  from  each  end  of  each  cylinder 35 

Average    initial    pressure,  high-pressure    cylinder,  above 

atmosphere  70-40  pounds. 

Average  cut-off  in  decimal  of  stroke,  high-pressure  cylinder  0.32815 

terminal  pressure,  high-pressure  cylinder,  above 
atmosphere 17. -,4  pounds. 

Average   counter    pressure   at    mid-stroke,  high-pressure 

cylinder,  absolute I'-Mj  pounds. 

Average  initial  pressure,  low-pressure  cylinder,  above  at- 
mosphere   5.6125 

Average  terminal  pressure,  low-pressure  cylinder,  absolute    7.598       " 


The  compound  diagrams,  of  which  engravings  are  pre- 
sented, were  worked  from  the  diagrams  taken  at  i  P.  M., 
March  9th,  1886,  the  originals  of  which  are  also  engraved 
and  submitted, 

In  the  original  compound  diagrams,  from  which  the 
engravings  are  reduced,  the  vertical  scale  is  16  pounds  to 
the  inch,  while  the  horizontal  scale  is  constructed  upon 
the  basis  of  7  inches,  representing  the  sum  of  the  volumes 
of  low-pressure  cylinder,  its  clearance,  and  the  clearance 
of  high-pressure  cylinder,  which  is  the  volume  the  steam 
occupied  at  the  end  of  expansion. 

The  curves  constructed  upon  all  the  diagrams  are 
isothermal  or  Mariotte  curves,  which  usually  agree  more 
nearly  with  the  actual  curves  of  expansion  of  first-class 
steam    engines,    than    the    adiabatic   curve — p   00    v   Y". 

The  indicator  springs,  40  pounds  for  high-pressure 
cylinder,  and  10  pounds  for  low-pressure  cylinder,  were 
carefully  tested  for  pressure  readings,  together  with  the 
water-pressure  and  steam-pressure  gauges.     No  facilities 


Kalamazoo,  Mich.    1:00  P.M.    March  9,  1886. 

H.  P.  Cylinder. 

40  Spring. 


Fig-  5. 


"                 "         low-pressure  cylinder,  top 7.58.1  " 

'*  "  "  "  "  '*  bottom q.164 

Total  horse-power  developed 81.891 

Ratio  of  expansion  by  pressure 11.18 

"      "          "         "    volumes 12.03 

Coal,  per  indicated  horse-power,  per  hour 1.78 

Steam,  per  indicated  horse-power,  per  hour 17-33 

Comparing  the  moments  of  load  of  the  steam  pistons 
and  water  plungers  during  duty  trial,  we  have  ; 

High-pressure  cylinder,  top 254.47  X  46.668  =  11 875.6  pounds. 

"  "  "         bottom. (254. 47 — 5.412)  X  48.452  =  12067.36       " 

Low-pressure         "         top 1017.9X7.583=7718.73        *' 

bottom. .[1017.9— (2X9.28)]  X9.i64=9r57.95 

Average  moment  steam  pistons, 

I1875.6  +  12067.36  +  7718.73  -t-  01.57-95  a    „„„„rf„ 
=  :o409.82  pounds. 

The  average  moment  of  load  of  water  plungers  during 
duty  trial  was  315.1425  x  59.8384  =  18857.623  pounds,  and 
percentage  of  useful  efifect  realized  in  the  work  of  the 
pumps : 

18857.623 

100  X 5Z_^  =  92.395, 

20409.82         ^    ^^^ 

leaving  7.605   per  cent,  of  the  total  power  of  engine  to 
cover  the  losses  of  friction. 


were  at  hand  to  test  the  springs  used  on  the  low-pressure 
cylinder  for  vacuum  readings,  and  it  is  possible,  and,  in 
fact,  likely,  they  were  somewhat  in  error,  but  not  enough 
to  afTect  the  action  of  the  steam,  as  shown  by  the  com- 
pound diagrams. 

The  boiler  furnishing  steam  to  the  engine  is  of  the  fol- 
lowing dimensions  ; 

Diameter  of  shell 60  inches. 

Length  of  shell 16  feet. 

Number  of  tubes 70 

Diameter  of  tubes 3  inches. 

Heating  surface,  shell 125.644 

tubes.... 879-648 

*'            "         heads..." 16.199 

Heating  surface,  total 1021.511  sq.  ft. 

Grate 4.17'  X  2.7' 

Grate  surface 11.3  square  feet. 

Ratio  heating  to  grate  surface 90.4 

Ratio  grate  surface  to  tube  vent 4.296 

Chimney,  brick 3.5'  X  35'—  "c  feet  high. 

Cross  section  of  chimney 12.25  square  feet. 

Ratio  grate  surface  to  cross  section  of  chimney 0.9224 

During  the  duty  trial,  the  coal  was  burned  at  the  rate  of 
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fFebruary,  1887. 


11.335  pounds 


3500 

24x11.3 

per  hour,  per  square  footfof  grate  surface. 

No  measurement  was  made'of  the  water  pumped  to  the 
boiler,  because  the  duty  termsjof  ;the  specification  and 
afjreement  required  the  economy  of^the  engine  to  be  cal- 
culated from  the  actual  consumption  of  coal,  without 
reference  to  the  economy  of  boiler,  and  the  work  of  the 
boiler  cannot,  therefore,  be  stated  with  any  degree  of  ex- 
actness ;  but,  as  an  appro.ximation,  an  estimate  was  made 
of  the  evaporation,  from  the  weight  of  steam  found  at 
release  in  the  low-pressure  cylinder,^upon  the  assumption 
that  80  per  cent,  of  the  total  steam  would  be  accounted 
for  by  the  indicator  diagrams. 

Volume  of  low-pressure  cylinder  per  hour. 
1017.9-1-999.34. 

144 
Volume  of  clearance  per  hour;  0.025  x  55743-1 56=  1393.576 


.5  X  26.5292  x,6o  =  55743.156  cubic  feet. 


pounds  of  coal,  upon  an  evaporation  of  ten  to  one,  which 
is  a  basis  of  estimate  for  "duty  "  now  frequently  adopted 
in  contracts  for  pumping  engines. 


PATENTS. 

K.    MANSKIEI.D,    M. 


The  United  States  alone  is  now  issuing  at  the  rate  of 
from  2,000  to  3,000  patents  per  month.  This  represents 
an  outlay  on  the  part  of  inventors,  in  fees  to  the  govern- 
ment, as  per  the  last  annual  report  of  the  patent  office, 
of  about  $100,000  per  month.  Add  to  this  a  fair  average 
for  fees  paid  to  attorneys  for  the  prosecution  of  ordinary 
cases,  which  may  amount  to  about  the  same  as  the  fee  to 
the  government,  the  sum  becomes  $200,000.  The  addi- 
tional cost  of  prosecuting  the  more  complicated  cases 
may  easily  swell  this  figure  to  $300,000,  which  will  repre- 
sent the  amount  now  being  expended  by  inventors  in  the 


Kalamasoo,  Mich.    1:00  P.M.    March 
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cubic  feet  Weight  of  steam,  per  cubic  feet,  at  terminal 
pressure  in  low-pressure  cylinder  (7.598  absolute)=o.o2oi 
pound,  and  weight  of  steam  to  release  in  low-pressure 
cylinder,  per  hour;  5  5743.1 56 -f  1393.578  x  00201  =  1 148.448 
pounds.  Less  steam  retained  in  clearance  upon  closure  of 
exhaust :  weight  of  steam  at  counter  pressure  in  low- 
pressure  cylinder  (3.29  absolute)  =0.009328  pound. 

1393.578  X  0.009328=  1 2.999  pounds,  and  steam  accounted 
for   1148.448  —  12.999=1135.448    pounds,  and   probable 
hourly  evaporation  by  boiler, 
1135.448 


o.S 


19.31  pounds 


9.733  pounds. 


The  coal  was  burned  at  the  rate  of  ^|m  =  145.83  pounds 
per  hour,  and  steam,  per  pound  of  coal, 

1419-31 
145-83 

The  setting  of  the  boiler,  and  the  slow  rate  of  evapora- 
tion, would  suggest  a  very  small  or  no  entrainment  of 
water  in  the  steam. 

From  this  evaporation  the  "  duty  "  of  the  engine  was 
103,000,000  foot  pounds,  in  round  numbers,  corresponding 
to   a  "  duty "  of   105,826,000  foot   pounds  per  hundred 


bare  act  of  securing  from  the  United  States  certified 
papers,  with  blue-ribbon  attachment,  which  purport  to 
grant  them  monopolistic  privileges. 

Of  what  value  are  these  papers  ?  This,  of  course,  de- 
pends in  the  first  place  on  the  value  of  the  invention  in 
itself;  but  it  depends,  moreover,  to  a  very  important 
e.xtent  on  whether  the  papers  actually  secure  to  the  in- 
ventor the  rights  to  which  he  is  entitled. 

According  to  the  rules  of  the   patent  office,  anybody 

may  prosecute   an   application  for   a   patent,  either   the 

inventor  himself  or  whomsoever  he  may  appoint  to  act 

as  his  attorney.     No  admission  to  the  bar,  nor  course  of 

mechanical  study,  nor  special  preparation  of  any  kind  is 

1   required    by  law,   rule,   or    precedent.     It   follows   that 

throughout  the  country  men  ply  the  avocation  of  '■  patent 

j   attorney  "  to  the  defeat  of  inventors.     It  is  needless  to 

I    say,  there  are  reliable  men  in  this  calling  ;  we  are  dealing 

at  present  with  the  evils  of  the  system. 
[  As  a  rule,  the  inventor  of  a  machine  knows  only  that  he 
has  devised  a  certain  means  which  produces  a  certain 
i  end.  To  what  extent  the  law  is  ready  to  allow  him  a 
I  monopoly  in  the  field  of  his  effort,  is  a  matter  for  his 
j    "  attorney  "  or  "  solicitor  "  to  discover,  with  such  aid   or 
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hindrance  as  may  be  afforded  by  the  Commissioner  of 
Patents,  or  his  assistants. 

A  great  many  patents  are  issued  on  inventions  which 
are  unlikely  ever  to  be  of  much,  if  any,  service  to  the 
public ;  but  aside  from  this,  it  is  safe  to  say,  that  the 
majority  of  patented  inventions  which  may  be  of  use  to 
the  public  are  covered  by  papers  so  poorly  prepared  that 
the  rights  of  the  inventor  under  them  have  very  little 
"worth.  This  is  due  to  lack  of  skill,  or  to  indifference,  or 
both,  on  the  part  of  "  attorneys,"  and  there  can  be  no 
reasonable  doubt  that  the  possibility  of  such  results  is 
born  of  a  defective  system. 

Most  mechanical  inventions  have  an  underlying  prin- 
ciple (that  is,  a  principle  not  self-evident) ;  if  not,  they 
would  not  be  inventions,  but  mere  aggregations  of  fami- 
liar parts  not  the  result  of  inventive  skill.  The  law  is 
clear  that  a  principle  is  not  patentable  ;  nevertheless,  the 
law  of  equivalents,  which  secures  to  an  inventor  equiva- 
lent combination  to  that  which  he  has  devised,  may  be 
used  to  secure  the  monopoly  to  the  inventor  to  which  his 
discovery  of  a  new  principle  entitles  him.  It  generally 
requires  a  keen  mechanical  judgment  to  determine  the 
principle  or  spirit  of  such  an  invention,  and  a  careful 
analysis  of  the  device,  in  the  form  in  which  it  comes  to 
the  attorney,  must  be  made,  and  various  equivalent  forms 
constructed  in  the  mind  in  order  to  be  able  to  express 
this  principle  in  such  language  as  to  secure  the  rights  to 
which  the  inventor  is  by  law  entitled.  This  kind  of  judg- 
ment is  usually  not  possessed  by  an  inventor,  nor  is  it  an 
attribute  of  a  lawyer,  nor  does  it  come  from  experience  in 
writing  formal  specifications.  It  is  rather  the  outcome  of 
a  broad  experience  in  and  study  of  the  science  of  applied 
mechanics.  Certainly,  a  reasonable  familiarity  with  legal 
decisions  in  patent  causes  is  also  an  essential  accomplish- 
ment. 

It  has  come  to  be  almost  an  axiomatic  phrase  that  a 
patent  possesses  no  value  until  it  has  been  proven  in  the 
courts  :  so  much  so,  that  it  has  been  seriously  proposed 
that  patents  be  always  allowed  when  applied  for.  without 
examination  into  the  merits  of  the  case.  This  is  so  con- 
trary to  the  apparent  necessities  of  the  system  as  to  meet 
with  very  little  approval  among  inventors.  What  we  need 
is  a  more  conscientious  and  skillful  method  of  prosecuting 
applications  under  the  present  laws.  How  can  this  be 
arrived  at.'  The  only  direct  and  reasonable  way  seems  to 
be  through  the  establishment  of  educational  institutions, 
or  through  the  introduction  of  special  courses  in  existing 
institutions,  which  shall  be  designed  to  fit  men  for  the 
specialty  of  patent  attorneys.  Laws  would  then  need  to 
be  framed  to  exclude  men  not  thus  specially  fitted  from 
practicing  this  profession. 

A  dignity  would  thus  be  added  to  the  profession,  which 
it  now  lacks,  and  inventors  would  be  belter  able  to  secure 
their  legal  rights  without  resort  to  expensive  litigation, 
and  would  be  able  to  obtain  beneficial  advice  from  their 
attorneys. 

Let  it  be  understood  that  these  remarks  do  not  apply 
to  design  patents,  trade-marks,  and  the  like,  which  are  in 
the  nature  of  copyrights,  but  to  machinery  patents,  which 
constitute  a  large  majority  of  all  patents. 

Under  the  system  proposed,  a  patent  attorney  would  be 
more  nearly  what  is  now  known  as  a  mechanical  expert, 
and  in  place  of  doing  the  "  no  patent,  no  fee  "  style  of 
business,  which  is  often  seen  advertised,  would  be  in  a 
position  to  advise  with  his  client  as  to  the  value,  scope 


and  validity  of  the  papers  which  he  has  procured  or  might 
be  able  to  procure. 

Inventors  are  frequently  most  anxious  as  to  whether  a 
patent  can  be  procured  on  the  device  which  they  have 
perhaps  labored  hard  to  produce.  It  is  of  far  greater  im- 
portance to  know  whether  the  patent  which  can  be  pro- 
cured (for  under  the  present  system  nearly  anything 
possessing  a  number  of  parts  can  be  patented.)  will  have 
,  any  considerable  value  in  the  light  of  what  has  previously 
been  done  in  the  special  art  to  which  the  invention  per- 
tains ;  also,  to  feel  certain  that  whatever  novelty  exists 
shall  be  secured. 

The  matter  of  seeking  for  the  underlying  principle  of 
an  invention,  and  so  setting  it  forth  in  the  specification 
as  to  cover  all  equivalent  methods,  is  of  much  greater 
importance  than  is  usually  supposed  among  inventors  and 
patent  solicitors. 

To  illustrate,  an  inventor  applies  a  novel  and  useful 
device  to  an  engine  of  a  certain  type.  The  device  is 
equally  applicable  to  engines  of  various  other  types.  His 
attorney  should  have  the  mechanical  knowledge  and  skill 
to  perceive  that  the  machine,  as  built  by  the  inventor,  is 
merely  the  illustration  of  a  principle  which  the  inventor 
has  conceived,  and  should  so  compose  the  specification  as 
to  cover  the  combination  of  the  device  with  all  types  of 
engines  to  which  it  can  be  usefully  applied.  Instead  of 
doing  this,  the  claim  covering  the  device  is  made  to  read 
thus: 

•  In  combination  with  a  pair  of  vertical  single-acting 
steam  cylinders,  a  crank-shaft  arranged  to  one  side  of  the 
axial  lines  of  such  cylinders,  with  direct  connection  from 
each  piston  to  the  crank-shaft,  substantially  as  set  forth." 
If  the  word  "  vertical  "  had  been  omitted,  and  the  words 
"  out  of  intersection  with  "  substituted  for  "  to  one  side 
of."  the  point  would  have  been  covered. 

Another  inventor  makes  the  application  of  an  automatic 
governor  to  a  particular  type  of  engine,  which  is  an 
original  and  useful  application.  The  solicitor  sees  in  this 
merely  a  complicated  combination  of  parts,  and  expresses 
the  invention  in  these  terms  : 

•■  The  combination,  substantially  as  described,  for  actu- 
ating the  auxiliary  or  cut-off  valves  G  G'  by  means  of  the 
governor  K,  it  consisting  in  the  cylindrical  tube  «-'  (fast- 
ened to  the  main  valve  and  opening  into  the  exhaust- 
chamber  k'  thereof  by  the  passage  o-),  the  cylindrically- 
chambered  boxes  y"  r-  (applied  to  the  valves  G  G'  by 
means  as  described),  boxes  w^,  the  two  shafts  r-,  their 
forks  1'=.  and  dogs  .s-^,  the  tappets  d'^  (having  curved 
arms  e^  and  projections  /«'),  spring  g'^,  stops  /^,  stud  p, 
slide  k^  (provided  with  the  friction-roller  «'),  slotted 
slide  /»  (having  an  arm  r'^).  connecting-rod  s'^,  bell- 
crank  /".  arm  u'^ .  and  rod  v'^,  the  latter  being  pivoted  to 
the  sliding  sleeve  w'  of  the  governor  K,  and  all  being 
arranged  and  to  operate  essentially  as  represented." 

It  need  hardly  be  pointed  out  that  such  a  claim  as  this 
is  of  practically  no  value,  owing  to  its  extreme  complica- 
tion. It  may  be  admitted  that  the  law  would  render  all 
liable  who  should  make  an  exact  copy  of  this  machine, 
but  no  skillful  mechanic  would  care  to  make  such,  when, 
as  in  the  present  case,  an  indefinite  number  of  combina- 
tions can  easily  be  made  which  accomplish  the  same 
result,  and  which  the  law  would  consider  equivalents  if 
the  inventor  had  but  made  his  request  in  proper  form. 
The  above  are  from  actual  specifications  written  by  attor- 
1    nevs  of  note. 
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The  law  provides  that  the  patent  which  an  inventor 
accepts  represents  the  whole  breadth  of  his  invention. 
How  important,  then,  that  the  case  shall  be  so  prose- 
cuted that  the  inventor  may  have  the  full  benefit  of  the 

in  the  process  of  prosecuting  a  patent  application  in 
this  country,  the  inventor  is  plaintiff  and  the  public  de- 
fendant. The  former  may  be  represented  by  a  solicitor, 
and  the  latter  is  represented  by  the  Commissioner  of 
Patents  and  his  assistants.  The  case,  on  the  part  of  the 
defendant,  is  often  conducted  with  great  skill ;  and  at 
other  times  unnecessary  obstacles  are  thrown  in  the  way 
of  the  inventor,  or,  through  an  honest  misunderstanding 
of  the  merits  of  the  case,  it  is  very  difficult  to  obtain  the 
rights  to  which  the  inventor  is  entitled.  In  any  or  all  of 
these  ditficuliies.  the  quickest  and  easiest  method  is  to 
waive  the  actual  merits  of  the  case  and  accept  the  dictum 
of  the  patent  office ;  yet  a  more  difficult  and  slower  course 
should  commend  itself  to  inventors. 

Capitalists,  as  well  as  inventors  themselves,  are  often  at  a 
loss  to  determine  from  the  papers  representing  a  patented 
machine  whether  the  invention  has  any  practical  value  in 
the  light  of  what  has  been  done  before.  A  common  way 
of  determining  this  is  by  defending  the  patent  before  the 
courts,  at  great  expense,  if  not  with  defeat.  This  may 
often  be  avoided  by  placing  the  matter  in  the  hands  of  a 
skillful  expert  for  investigation,  before  investing  in  the 
patent.  A  thorough  study  of  the  state  of  the  art,  as 
shown  by  the  patent  records,  will  enable  him  to  report  to 
what  extent  it  advances  the  art  to  which  it  appertains, 
also  whether  it  infringes  any  existing  patent,  as  well  as 
whether  it  represents  the  actual  invention  of  the  patentee. 
A  full  investigation  of  these  points  will  often  bring  to 
light  totally  unexpected  information,  placing  the  value  of 
the  patent  on  an  entirely  new  basis,  and  enabling  the  in- 
ventor and  the  capitalist  to  conclude  understandingly 
whether  it  is  desirable  to  "  work  "  the  patent.  Such  an 
investigation  may  save  many  dollars  in  costly  suits  at 
law. 

It  is  frequently  the  case  that  a  critical  analysis  of  an 
invention  will  disclose  to  the  eye  of  an  expert  various 
other  methods  of  solving  the  same  problem,  which  would 
not  pass  under  the  law  for  equivalent  methods.  The 
method  developed  by  the  inventor  may  indeed  be  the 
most  direct,  yet  if  capital  is  at  stake  in  developing  the  in- 
vention, it  is  important  to  exclude  competition  from  the 
particular  field  to  which  the  invention  appertains.  This 
may  be  done,  to  a  great  extent,  by  having  a  systematic 
study  of  the  field  made,  by  one  skilled  in  such  a  pursuit, 
for  the  purpose  of  strengthening  the  original  patent  by 
taking  out  other  patents  of  a  secondary  nature.  This 
important  matter  is  very  often  neglected,  a  common 
reason  being  that  the  vanity  which  K)tten  accompanies 
the  faculty  of  invention  leads  the  inventor  to  believe  that 
his  invention  is  invincible.  When  the  patent  begins  to 
realize  financial  success,  however,  to  such  an  extent  as  to 
force  itself  on  the  attention  of  the  public,  other  inventors 
of  equal,  or  possibly  superior,  capacity  are  led  to  examine 
the  papers  and  mquire  into  the  state  of  the  art.  Then  it 
is  that  the  secondary  patents  play  their  part. 

It  is  the  fashion  of  a  good  many  patent  attorneys  to 
end  the  explanation  of  an  invention  with  a  tedious  num- 
ber of  claims,  many  of  which  are  of  no  possible  help  to  the 
scope  or  value  of  the  patent.  The  claims  of  a  patent  are 
expressed  for  the  purpose  of  making  it  clear  to  the  public 


exactly  what  features  of  the  apparatus  illustrated  and 
explained  are  held  to  be  original  with  the  inventor. 
These  claims  are  of  two  kinds  known  as  generic  (broad, 
or  relating  to  the  principle  or  spirit  of  the  invention  1,  and 
specific  (relating  to  the  special  combination  of  parts). 
Patents  are  not  often  seen  with  too  many  of  the  former 
kind  of  claims,  for  it  requires  skill  to  write  them  properly 
and  exactly  ;  but  it  is  easy,  and  requires  very  little  mental 
exertion,  to  construct  combination  claims  embracing  a 
multitude  of  parts,  and  the  greater  the  number  of  parts 
the  less  the  liability  of  their  ever  having  been  combined 
in  the  same  manner  before,  and  the  less  the  liability  of 
anybody  ever  desiring  to  combine  them  in  the  same  man- 
ner again,  therefore,  the  less  they  add  to  the  value  of  the 
patent.  In  fact,  it  may  be  urged  that  a  majority  of  the 
lengthy  combination  claims,  seen  in  many  recent  patents, 
have  a  tendency  to  weaken  the  force  of  the  patent  in  the 
courts,  and  it  is  quite  certain  that  many  of  them  ought  to 
be  rejected  at  the  patent  office  (instead  of  meeting  with 
high  favor  there,  as  they  appear  to)  on  the  ground  of  not 
having  required  inventive  skill.  The  writer  holds  that  it 
does  not  follow  from  the  fact  of  a  patentable  combination 
having  been  discovered,  that  the  combination  of  this 
device  with  other  well-known  parts  is  also  necessarily  a 
patentable  novelty,  for  such  a  combination  as  this  latter 
may  be  merely  the  result  of  ordinary  mechanical  skill. 
Yet  innumerable  claims  of  exactly  this  nature  are  allowed 
by  the  office ;  whether  justly  or  otherwise,  it  is  certain 
that  many  of  them  do  not  add  at  all  to  the  value  of  the 
patent.  A  fair  illustration  is  the  latter  of  the  two  claims 
quoted  above. 

A  great  army  of  men  is  at  all  times  seeking  the  glory 
and  reward  of  invention.  There  still  remains  endless  op- 
portunity, but,  in  this  as  in  other  fields,  the  great  prizes 
are  for  the  few  only.  Of  those  who  fail  to  realize  ex- 
pected results,  some  become  morbid  and  visionary,  others 
continually  work  in  impracticable  fields,  others  make  good 
beginnings  but  leave  the  rewards  to  more  steadfast  work- 
ers. These  facts  have  brought  the  art  of  invention  into 
disrepute,  and  all  patented  inventions  are  viewed  by  some 
people  much  as  if  they  were  the  schemes  of  impracticable 
fanatics. 

If  it  be  considered,  however,  how  many  great  mechani- 
cal industries  have  been  built  up  and  are  now  prospering, 
founded  on  the  monopoly  which  patents  grant  ;  what  a 
vast  number  of  labor-saving  and  life-saving  machines  owe 
their  existence  to  the  exhausting  toil  of  mventors.  the 
conclusion  must  follow  that  one  of  the  most  valuable 
resources  of  the  American  nation  is  its  unparalleled 
faculty  of  invention. 


HOW   TO   RUN   A    LOCOMOTIVE. 


The  motor  of  a  locomotive  consists,  essentially,  of  a 
pair  of  non-condensing  steam-engines,  with  adjustable 
cut-olT  controlled  by  hand;  the  engines  being  supplied 
with. steam  from  a  high-pressure  boiler.  Steam  of  ex- 
ceptionally high  pressure  is  carried  in  locomotive  boilers, 
for  a  double  purpose :  primarily,  in  order  to  reduce  the 
weight  of  boiler  and  engines  ;  and  also  for  the  purpose  of 
producing  the  necessary  power  with  a  minimum  con- 
sumption of  coal  and  water. 
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The  nearest  counterpart  to  the  locomotive,  in  stationary 
motors,  is  the  modern  non-condensing  automatic  cut-off 
steam-engine,  using  steam  of  high  pressure,  but  with  the 
important  difference  that,  in  the  stationary  motor,  the 
governor  automatically  controls  the  speed  and  power  of 
the  engine  ;  while  the  action  of  the  locomotive  engine  is 
controlled  by  the  runner,  who  can,  at  pleasure,  regulate 
the  speed  and  power  of  his  engines,  either  by  changing 
the  point  of  cut-off  or  by  admitting  more  or  less  steam  to 
the  cylinders  through  the  throttle-valve.  Now,  since  the 
stationary  engine,  to  which  reference  has  just  been  made, 
is  commonly  regarded  as  the  most  economical  type  of 
non-condensing  steam  engme  in  use  at  present,  and  the 
locomotive  engine  possesses  nearly  all  the  features  of  the 
former  motor,  it  seems  reasonable  to  suppose  that,  were 
the  locomotive  runner  to  control  his  engines  as  skillfully 
as  the  automatic  cut-off  engine  is  regulated  by  an  effi- 
cient governor,  the  locomotive  would  be  run  in  the  most 
economical  manner.  It  may  be  useful,  then,  to  briefly 
consider  the  action  of  the  stationary  engine,  and  see  how 
nearly  the  same  action  is  possible  for  the  engines  of  the 
locomotive.  Generally  speaking,  the  prmcipal  require- 
ments for  either  the  stationary  engine  or  the  locomotive 
engine  are  as  follows  :  To  start  from  rest  and  attain  the 
required  speed  in  the  shortest  possible  time,  and  to  main- 
tam  this  speed  as  nearly  as  possible  under  varying  loads  ; 
always  producing  the  necessary  power  with  the  greatest 
economy  attainable  under  the  given  circumstances. 

In  starting  such  a  stationary  engine  as  the  one  under 
consideration,  the  engineer  opens  the  throttle-valve,  by 
degrees,  until  the  governor  commences  to  actuate  the 
cut-off  gear,  when  he  opens  the  valve  wide,  and  leaves  it 
in  this  condition  until  he  wishes  to  stop  the  engine — un- 
less, at  any  time,  the  load  becomes  so  light  that  the  speed 
cannot  be  controlled  at  the  shortest  point  of  cut-off,  in 
which  case  it  becomes  necessary  to  partially  close  the 
valve  and  throttle  the  steam.  When  the  engine  is  run- 
ning, with  the  throttle-valve  wide  open,  and  the  load  is 
suddenly  increased,  the  governor,  if  efficient,  immediately 
adjusts  the  point  of  cut-off  so  as  to  give  a  longer  steam- 
admission,  and  maintains  the  cut-off  at  this  point  until 
the  load  is  diminished,  when  the  point  of  cut-off  is  at 
once  shortened  so  as  to  prevent  an  increase  of  speed. 
Such  a  method  of  running  an  engine  seems  to  be  very 
reasonable.  Having  generated  steam  of  high  pressure  in 
the  boiler,  good  sense  would  seem  to  dictate  that  the 
engine  should  receive  the  benefit  of  this  pressure,  and 
that  it  would  not  be  very  commendable  practice  to  reduce 
the  pressure  by  throttling  the  steam  before  admission  to 
the  cylinder — unless  the  speed  of  the  engine  could  be 
controlled  in  no  other  way.  But  such  throttling  is  only 
too  common,  in  locomotive  running,  even  by  runners  of 
great  experience — with  the  result  of  an  unnecessary  con- 
sumption of  coal  and  water. 

Possibly,  the  foregoing  remarks  will  be  sufficient  to 
convince  some  engineers  that  the  most  economical 
method  of  running  any  engine,  locomotive,  stationary  or 
marine,  is  to  admit  steam  of  boiler-pressure  to  the  cylin- 
ders, and  control  the  speed  by  regulating  the  amount  of 
steam  admitted  at  each  stroke — under  the  supposition,  of 
course,  that  the  engine  is  properly  proportioned  and  ad- 
justed for  its  work — but  others  may  like  to  see  e.xperi- 
mental  data  on  the  subject. 

Some  time  ago,  the  writer  made  a  number  of  tests  with 
locomotives,  drawing  light  trains  and  stopping  frequently  ; 


the  tests  including  measurements  of  coal  and  water  con- 
sumption, speed  of  engines,  boiler  pressure  and  power 
exerted,  together  with  observations  of  every  change  in 
positions  of  link  and  throttle-valve.  These  experiments, 
being  conducted  with  several  locomotives,  under  the 
management  of  a  number  of  experienced  runners,  furnish 
data  of  considerable  interest  in  relation  to  handling  a 
locomotive  engine. 

Fig.  I  shows  two  indicator  diagrams  from  a  locomotive, 
illustrating,  graphically,  two  methods  of  running,  one 
economical  and  the  other  wasteful.    The  locomotive  was 


Fig.  I. 

doing  about  the  same  work,  in  the  two  cases,  as  appears'- 
from  the  following  data  : 

Diagram  in  Diagram  in 

full  lines,  broken  lines. 

{Boiler  pressure t2i  125 

Average  back  pressure.               7.5  13  2 

Indicated  pressure 75  73.2 

Release  pressure 33.2  48.6 

Revolutions  per  minute 190  193 

J,ink  (point  of  cut-off  marked  on  quadrant) 8  12 

Position  of  throttle-valve Fully  open.  Half  open. 

Weight  of  a  cubic  foot  of  steam  at  release 

pressure,  lbs 0.1160  0.1504 

R.-itio  of  weights 1  1.3 

Judging  from  these  diagrams,  the  locomotive  engine 
was  using  about  30  per  cent,  more  steam  in  the  second 
case  than  in  the  first,  to  produce  about  the  same  power. 
This,  of  course,  is  only  an  approximation,  since  more 
steam  is  always  used  by  an  engine  than  is  shown  by  the 
indicator  diagram ;  but  it  must  be  evident  that  the  steam 
consumption  is  much  less,  in  the  case  of  the  shorter  cut- 
off and  open  throttle-valve.  In  the  table  which  follows, 
this  point  is  further  illustrated.  The  results  in  the  table 
are  for  runs  of  one  hundred  miles  each,  made  by  different 
locomotive  runners  ;  and  in  each  experiment  marked 
■'  preliminary,"  the  management  of  the  engine  was  left  to 
the  runner,  while  in  the  runs  marked  "regular,"  the  run- 
ners were  required  to  keep  the  throttle-valve  fully  open, 
except  when  the  speed  became  too  great,  and  regulate 
the  admission  by  the  link.  In  the  "  preliminary  "  runs, 
the  steam  was  almost  invariably  throttled  to  some  extent, 
and  the  cut-off  was  correspondingly  lengthened — most  of 
the  runners  apparently  considering  this  method  to  be  the 
best.  Although  a  large  number  of  experiments  were 
made,  only  a  few  of  the  runs  could  fairly  be  called  "  pre- 
liminary," in  the  sense  which  has  just  been  explained; 
because  locomotive  runners,  as  a  class,  are  men  of  more 
than  ordinary  intelligence— and  each  runner  being  desirous 
of  showing  the  most  economical  results,  the  old  method 
of  running  was  soon  abandoned  (during  the  experiments, 
at  least)  for  the  kind  which  is  here  classified  as"  regular." 

The  table,  in  addition  to  showing  the  great  difference 
in  economy  between  admitting  steam  of  full  pressure  and 
throttled  steam,  illustrates  further  (by  differences  in  re- 
sults from  the  same  locomotive  on  "  regular  "  runs)  the 
different  degrees  of  skill  displayed  by  runners  acting  as 
automatic  governors. 
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ECONOMIC   PERFORMANCE  OF   LOCOMOTIVKS. 


Boiler  pressure.  Lbs.  of  water 
lbs.  per  sq.  in.  per 

■.   .ihnve  atmos.        car-mile.  Remarks. 

134  39.7,  Preliminary  r 

129  34-22  Regular  run. 

137  34.78  Do. 


7  <■  119  42.32  Preliminary  run, 

S  i  133  36.75  Regular  run. 

)  C  ii2  34.91  Do. 

In  one  instance  (experiment  7),  it  will  be  observed  that 
the  boiler  pressure  is  much  less  than  in  the  other  two  ex- 
periments with  the  same  locomotive,  which  fact,  of  itself, 
may  have  a  considerable  effect  upon  the  economic  result. 
But  this  seems  fairly  chargeable  to  the  runner,  since  it 
was  easy  to  keep  up  the  pressure  in  the  other  two  cases, 
when  the  locomotive  was  run  more  skillfully — and  it  is 
axiomatic  to  say  that  a  boiler  may  be  large  enough  to 
supply  an  economical  engine  and  may  seem  too  small 
when  steam  is  needlessly  expended. 

It  would  probably  surprise  any  one,  who  had  not  pre- 
viously investigated  the  subject,  to  see  how  general  is  the 
practice  among  locomotive  runners  of  using  throttled 
steam  instead  of  steam  at  boiler  pressure — and,  of  course, 
there  must  be  some  reason  for  the  practice.  As  a  matter 
of  fact,  there  seem  to  be  two  prominent  reasons  :  It  re- 
quires more  skill  to  run  an  engine  by  the  link  instead  of 
by  the  throttle-valve;  and  when  an  engine  is  out  of  ad- 
justment, the  most  economical  method  of  running  fre- 
quently becomes  impossible. 

If  a  locomotive  engine  is  run  by  the  throttle-valve,  the 
runner  has  only  to  set  the  link  so  as  to  give  sufficient  ad- 
mission for  drawing  a  train  over  ordinary  grades,  and 
control  the  speed  by  opening  or  closing  the  throttle-\alve. 
When  he  runs  bv  the  link,  especially  in  starting  the  loco- 
motive, considerable  skill  is  required,  to  attain  lull  speed 
in  the  quickest  time,  for  the  runner  must  move  both  link 
and  throttle-valve,  precisely  as  the  stationary  engineer 
and  the  governor  together  act  in  starting  the  automatic 
cut-off  engine:  and  it  requires  rather  more  practice  to 
vary  the  power  by  changing  the  position  of  the  link,  than 
by  moving  the  throttle-valve  lever.  But  our  locomotive 
runners  have  sufficient  skill  to  accomplish  more  difficult 
things  than  this  manipulation,  and  the  writer's  experience 
convinces  him  that  every  runner  who  fairly  tries  the 
method  ol  running  by  the  link  will  scarcely  go  back  to 
the  more  wasteful  practice  of  ^running  by  the  throttle- 
valve — unless  the  latter  method  becomes  imperative,  on 
account  of  faulty  valve  adjustment. 

Valves  out  of  square,  that  is  to  say,  valve-motion  so 
arranged  or  disarranged  as  to  give  very  unequal  admis- 
sion at  opposite  ends  of  the  locomotive  cylinders,  renders 
it  necessary  to  run  a  locomotive  in  a  wasteful  manner ; 
because  the  distribution  of  power  is  so  unequal  that  a 
longer  steam-admission  must  be  permitted  than  would 
otherwise  be  the  case.  Hence,  it  becomes  difficult  to 
keep  up  the  steam  pressure,  and  the  locomotive  at  once 
gets  a  bad  name  :  the  boiler  will  not  make  steam,  the 
engine  is  out  of  line,  the  driving-axle  boxes  are  badly 
worn,  and  the  locomotive  has  all  the  maladies,  according 
to  the  unhappy  runner  who  finds  it  difficult  to  run  on  time. 
During  the  locomotive  tests  made  by  the  writer,  the  loco- 
motive considered  to  be  the  worst  on  the  line  was  fitted 
up  for  experiment.     This  locomotive  was  the  bugbear  of 


all  tlie  runners  ;  it  wouldn't  steam,  they  couldn't  get  any 
power  out  of  the  engine,  they  couldn't  make  time,  every- 
thing was  loose  about  the  locomotive,  etc.,  etc.  .\fter  a 
thorough  trial  of  the  locomotive,  with  all  its  faults,  the 
valves  were  squared,  and  no  other  adjustments  were 
made.  The  following  table  shows  that  this  simple  change 
eradicated  all  the  imaginary  ailments  : 

PERFORMANCE      OF      LOCOMOTIVE      BEFORE     AND      AFTER 
SQUARING    VALVES. 
Link  Pounds 

Number    Steam  pressure,  (pointof  cut-      of  water 

for         lbs.  per  sq.  in.    off  marked  per 

reference,    above  atmos.   on  quadrantV     car-mile.  Remarks. 

1  r22  q-iT  45.92        Valves  out  of  square. 


In  making  very  high  speed  with  a  locomotive,  many 
runners  have  found  by  experience  that  it  is  not  possible 
to  run  with  the  link  very  far  down,  and  that  the  tlirottle- 
valve  is  only  to  be  adjusted  when  the  speed  becomes 
excessive.      Two  diagrams  from  a  locomotive  with  the 


Fig-.  2. 
link  in  extreme  positions.  Fig.  2,  show  clearly  that  the 
steam  can  readily  escape  when  the  admission  is  slight, 
while  the  exhaust  becomes  choked  and  the  locomotive 
"  coughs."  if  the  admission  of  steam  is  prolonged  much 
beyond  half-stroke.  This  action  is  not  peculiar  to  loco- 
motive engines.  Nearly  all  cut-off  engines  have  exhaust 
openings,  sufficiently  large  to  prevent  undue  back  pressure, 
for  cut-offs  up  to  one-half  or  live-eighths  of  the  stroke; 
but  for  longer  admissions  the  openings  have  not  enough 
area  to  permit  of  running  the  engines  at  full  speed.  Lo- 
comotive engines,  and  cut-off  engines  generally,  are  ordi- 
narily proportioned  so  as  to  exert  power  enough  for  usual 
loads  at  points  of  cut-off  not  exceeding  five-eighths  of 
the  stroke  ^and  generally  much  less),  so  that,  in  the  case 
of  unusual  loads,  the  engine  speed  is  decreased.  The 
greatest  tractive  force  required  of  locomotives  is  in  start- 
ing trains  and  in  drawing  trains  over  heavy  grades.  The 
diagram  in  full  lines.  Fig.  2,  was  taken  on  a  steep  grade, 
and  the  diagram  in  broken  lines  was  taken  on  a  level, 
with  the  throttle-valve  partly  closed  for  the  purpose  of 
reducing  speed.  Thus  two  diagrams  were  obtained, 
showing  approximately  the  same  power  under  very  differ- 
ent circumstances.  The  principal  data  relating  to  these 
diagrams  are  as  follows  ; 

Diagram  in  Diaf^ram  in 

full  lines.  broken  lines. 

I     Boiler  pressure 125  127 

Lbs.  per  square  inch  J   Average  backpressure.  7  0.5 

above  atmosphere.     1   Indicated  pressure —  100.2  66.6 

(   Release  pressure 63.6  15 

Revolutions  per  minute 08  140 

Link  (point  of  cut-off  marked  on  quadrant)  —  11  5 

Position  of  throttle-valve Fully  open.  Half  open. 

Weight  of  a  cubic  foot  of  steam  at  release 

pressure,  lbs 0-1835  0.074a 

Ratio  of  weights 2.49  1 

Indicated  horse-power 124.6  118. 4 

Tractive  force  from  diagrams,  lbs 4.nv>  2,731 

In  Starting  trains,  and   in   drawing  trains  over   heavy 
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grades,  the  locomotive  runner  must  handle  the  engine 
with  great  skill,  so  as  to  avoid  slipping  the  driving-wheels 
when  starting,  and  slipping  the  wheels  or  "  stalling  "  on 
grades.  The  diagram  in  full  lines.  Fig.  2,  represents  fair 
practice  on  the  particular  grade  where  the  diagram  was 
taken — a  large  number  of  obversations  made  on  this  grade 
showing  a  minimum  speed  of  40  revolutions  a  minute  and 
a  maximum  speed  of  124,  these  two  extremes  being  results 
obtained  by  the  least  skillful  and  the  most  expert  run- 
ners. In  drawing  trains  over  the  grade,  as  well  as  in 
general  running,  the  best  results  were  obtained  by  those 
runners  whose  manipulation  most  closely  resembled  the 
automatic  action  of  the  governor  connected  with  the  cui- 
ofT  gear  of  a  stationary  engine  ;  lengthening  the  point  of 
cut-off  promptly  as  the  load  increased,  and  raising  the 
link  as  soon  as  the  load  was  lessened. 

The  questions  treated  in  this  article  are  well  worthy 
the  attention  of  railroad  officials.  The  experiments  made 
by  the  writer  show  that  very  considerable  economy  in 
drawing  trains  can  be  effected  without  making  any  change 
except  in  manipulation,  and  that  locomotive  runners  can 
readily  be  induced  to  exchange  a  wasteful  for  an  econom- 
ical mode  of  running.  Unless  there  is  some  serious 
fallacy  in  the  observations,  locomotive  runners  might  well 
study  the  action  of  an  efficient  governor  on  an  automatic 
cut-off  engine,  and  then  be  sent  to  their  locomotives  with 
the  injunction  :  "  Go  ye  and  do  likewise !  " 


SHOP   TOOLS   AND   MACHINERY. 

The  time  is  long  since  past  when  the  hammer,  chisel 
and  file,  in  the  hands  of  a  skillful  and  ingenious.mechan- 
ic,  are  sufficient  to  produce  all  the  different  parts  of  j 
machinery.  Such  artisans  are  undoubtedly  an  honor  to  j 
their  craft,  and  most  desirable  in  any  shop,  no  matter  | 
how  good  may  be  the  facilities  provided,  but  their  skill 
alone  cannot  supply  the  lack  of  good  tools  and  bring 
about  economical  production.  This  is  so  well  known,  and 
so  generally  conceded,  that  reference  to  it  would  seem 
unnecessary;  yet  a  glance  at  the  number,  kind  and  con- 
dition of  tools  found  in  some  railroad  shops,  cannot 
but  impress  the  observer  with  the  conviction  that  the  ad- 
vantages pointed  out,  are  in  some  cases  either  not  under- 
stood, or  entirely  lost  sight  of.  That  reasonable  econ- 
omy in  doing  work  is  attained  under  such  unfavorable 
conditions,  is  ample  proof  of  the  ability  of  the  managers 
of  such  shops,  but  how  much  greater  would  be  their  suc- 
cess if  good  tools  and  appliances  were  placed  within  their 
reach  ?  Workmen  will  perform  their  duties  more  cheer- 
fully if  some  effort  is  made  to  provide  them  with  a  shop 
well  lighted,  ventilated  and  heated..  The  enforcement 
of  cleanliness  and  order  will  also  result  in  greater  econ- 
omy. Dingy  corners  will  not  be  ornamented  with  piles  ' 
of  material,  good  and  bad.  The  space  under  each  work-  j 
man's  bench  will  not  be  filled  with  miscellaneous  parts, 
which  are  stored  away  because  they  may  come  handy 
some  day.  This  system  of  storage  is  resorted  to  because 
workmen  frequently  experience  difficulty  in  procuring 
what  they  may  require  for  a  hurried  job.  Each  of  these 
piles  is  considered  private  property,  and  therefore  no 
other  workman  will  attempt  to  select  from  it  anything 
he  may  want. 

The  owner  alone  will  overhaul  it  each  time  he  has  oc- 
casion to  look  for  material,  and  thus  lose  valuable  time. 
If  he  fails  to  find  what  he  wants  he  will  apply  to  the  fore- 


man for  new  parts,  although  many,  such  as  he  wants,  may 
be  buried  in  other  piles  a  few  feet  from  his  bench.  The 
money  invested  in  this  material  would  in  many  cases  go 
very  far  toward  payingtfor  the  erection  of  a  good  store- 
room where  the  necessary  stock  could  be  intelligently 
kept  and  assorted,  and  thus,  also,  save  much  time  and 
therefore  money  by  preventing  delays  in  procuring  mater- 
ial. The  absence  of  a  first-class  tool  room,  and  of  a  sys- 
tem requiring  tools  to  be  kept  in  it  and  issued  from  it.  is 
also  attended  with  greater  extravagance  and  loss  than 
is  supposed  by  many  who  have  had  no  experience  in  shop 
practices.  !.  et  the  contents  of  each  workman's  drawer  be 
examined,  and  in  each  will  be  found  an  assortment  of 
wrenches  practically  alike,  any  of  which  might  be  used  by 
other   workmen. 

Some  of  these  may  have  been  made  for  special  work 
seldom  repeated  by  the  same  man,  but  perhaps  done  oc- 
casionally by  others.  These  are  also  considered  private 
property  and  therefore  will  be  duplicated  some  time  at 
great  cost  by  others,  because  they  have  no  access  to  tools 
in  the  possession  of  their  neighbors.  The  same  is  true  of 
many  other  tools  made  for  special  work  also,  which  will 
be  duplicated  again  and  again,  and  similarly  kept  out  of 
sight  by  the  workman,  who  thus  practically  becomes  the 
owner.  The  number  of  cold  chisels,  of  every  conceivable 
shape,  scrapers,  files,  taps,  reamers  etc.,  will  be  found  as- 
tonishingly large  and  far  in  excess  of  actual  requirements. 
The  workman  cannot  be  blamed  for  this  extravagant  ac- 
cumulation. He  is  hired  to  do  certain  work,  and  if  he  finds 
that  his  employer  shows  little  regard  for  his  interest,  by 
failing  to  provide  a  place  from  which  he  may  procure  the 
necessary  tools  with  which  to  do  his  work  promptly, 
and  thus  save  him  delay  and  annoyance,  he  takes  the 
only  sensible  course.  Cost  what  it  may,  he  makes  sure  to 
provide  himself  with  all  necessary  tools,  and  he  sees  that 
they  are  carefully  stored  and  cared  for  until  he  again  re- 
quires  them. 

We  recall  some  incidents  connected  with  the  work  of 
reorganizing  a  tool  room  in  a  shop  employing  a  large 
number  of  men.  The  stock  of  tools  was  very  limited  and 
it  was  proposed  to  make  necessary  increases.  It 
seemed  impossible,  however,  that  the  amount  of  work  ac- 
tually turned  out  could  have  been  done  with  the  stock  of 
tools  in  the  tool  room.  The  conclusion  was  reached  that 
large  numbers  of  these  must  be  in  possession  of  the 
workmen.  Therefore  it  was  deemed  best  to  examine  the 
contents  of  each  drawer,  and  to  transfer  to  the  tool  room 
all  such  as  were  not  actually  required  by  each  workman. 
Drawer  after  drawer  was  inspected,  and  ample  stock  left 
in  each,  and  the  surplus  put  in  a  wheelbarrow,  which  was 
repeatedly  emptied  and  refilled.  Many  of  the  last  draw- 
ers examined,  contained  only  the  ordinary  complement 
of  tools,  which  seemed  rather  singular.  However,  noth- 
ing was  said  at  the  time,  but  shortly  after  the  search 
was  renewed,  beginning  with  the  end  of  the  shop  which 
on  the  previous  occasion  was  examined  last.  The  stock 
of  tools  had  grown  considerably  in  that  short  space  of 
time.  The  surplus  was  again  taken  to  the  tool  room,  and 
when  assorted  it  was  found  that  no  increase  in  the  stock 
was  required,  but  on  the  contrary  a  large  excess  remain- 
ed, sufficient  to  replace  similar  tools,  as  they  became 
worn,  for  quite  a  period  of  time.  It  was  arranged  to  have 
all  tools  worn,  or  requiring  dressing,  taken  to  the  tool 
room  where  others  in  good  order  were  given  in  exchange. 
The  worn  tools  were  sent  to  the   smith  shop   and   again 
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roluriK'd  to  the  tool  room  after  l)cing  repaired,  aiul  not 
replaced  upon  the  shelves  until  they  were  ground,  or 
otherwise  put  in  good  condition.  In  addition  to  the 
large  saving  of  valuable  material,  it  was  ;oiind  that  tools 
could  be  kept  in  excellent  order  even  after  one  smith  and 
his  helper  were  removed  from  the  tool-dressers  force. 
It  must  be  evident  that  the  cost  of  a  suitable  tool 
room,  and  the  expense  of  introducing  and  maintaining  a 
system  which  would  make  this  room  a  center  for  the 
manufacture,  repair  and  custody  of  all  tools  required  by 
the  workmen,  would  be  soon  repaid  by  the  saving  in  a 
large  amount  of  costly  material  and  labor  entering  into 
the  manufacture  of  the  excessive  and  unnecessary  num- 
ber of  tools  which  are  otherwise  likely  to  be  carried. 
The  item  of  labor  will  be  materially  decreased  if  the  tool 
work  is  placed  in  charge  of  expert  mechanics,  who  can 
certainly  produce  more  cheaply  than  other  workmen  who 
are  inexperienced  in  this  particular  branch  of  the  busi- 
ness. The  maintenance  of  standard  sizes  and  shapes,  the 
importance  of  which  cannot  be  overestimated,  is  possible 
only  when  this  work  is  carried  on  under  such  a  system. 
Interchangeability  of  parts  of  locomotives  cannot  be  at- 
tained, unless  the  manufacture  of  templates  for  laying 
out,  drilling  or  finishing  them,  is  restricted  to  competent 
specialists. 

To  enable  sucli  workmen  to  accomplish  these  import- 
ant results,  machinery  of  the  latest  and  most  improved 
design  should  be  provided.  Antiquated  machines  are 
not  economical  and  cannot  produce  accuracy  in  the  man- 
ufacture or  maintenance  of  tools. 

This  class  of  machine  tools  is  equally  out  of  place  in 
other  shops.  Economy  in  production,  and  accuracy  in 
finishing  is  impossible  on  many  such  as  are  so  frequently 
found  in  shops.  Take  for  instance  an  old  planing  ma- 
chine, with  a  short  table  and  one  cutting-head.  Very  few 
pieces  can  be  finished  upon  it  at  one  operation.  If  four 
sides  must  be  planed,  four  settings  are  necessary,  involv- 
ing great  loss  of  time.  On  a  good  modern  machine,  with 
a  longer  table  and  four  cutting-heads,  a  greater  number 
of  pieces  can  be  finished  at  one  time,  and  the  number  of 
changes  to  bring  the  surfaces  to  be  planed  to  proper  po- 
sitions are  very  much  reduced.  We  have  seen  locomo- 
tive frames  planed  on  short  planing  machines,  which 
made  two  settings  necessary  to  plane  each  side,  besides 
resetting  for  the  top,  and  the  bottom  of  pedestal  legs. 
The  work  of  slotting  the  pedestals,  and  other  parts  of 
the  same  work,  is  not  rarely  done  on  a  single  slotting  ma- 
chine requiring  a  change  of  position  for  each  pedestal  in 
order  to  bring  it  to  the  cutting  tool.  The  loss  of  time 
which  such  tools  involve  is  considerable.  The  greatest 
porting  the  portion  overhanging  the  table,  in  order  to 
care  must  be  exercised  in  setting  and  clamping,  and  in  sup- 
obtain  any  degree  of  accuracy  in  finishing  these  parts. 
This  is  most  diflicult  to  accomplish,  since  the  supports 
often  rest  upon  a  bad  and  unsteady  floor,  which  is  badly 
shaken  even  by  the  weight  or  motion  of  a  passing  wheel- 
barrow. These  difficulties  would  not  exist  if  one  of  the 
modern  slotting  machines,  with  fixed  table  and  movable 
heads,  were  used  instead.  Besides  insuring  accuracy  in 
finishing,  the  cost  of  the  work  would  not  be  one-fourth 
the  amount  that  it  would  be  if  done  on  the  other  ma- 
chine. 

Slotting  machines  of  insulTicicnt  stroke  may  be  unprof- 
itably  used  from  day  to  day  because  only  one  or  two 
pieces  can  be  finished  at  one  time,  when  a  larger  machine 


would  enable  twice  or  three  times  the  amount  of  work  to 
be  done  at  one  setting.  An  old  lathe  may  often  be  found, 
used  as  a  boring  machine.  Work  cannot  be  done  accur- 
ately on  this  except  perhaps  by  the  most  expert,  careful 
and  high-priced  machinist.  A  modern  horizontal  boring 
and  drilling  machine  would  do  such  work  at  much  less 
cost,  and  with  far  less  risk  of  spoiling  it  or  of  finishing  it 
inaccurately,  even  when  attended  by  an  ordinary  machine 
hand.  Many  parts  are  finished  on  small,  antique  shapers, 
with  chisel  and  file,  which  might  be  finished  fora  trifling 
sum  on  one  of  the  excellent  milling  tools  now  manufac- 
tured. Some  boiler  shops,  in  which  new  boilers  are  made 
and  fire-boxes  renewed,  are  remarkable  for  the  absence 
of  suitable  tools.  Rolls  will  be  seen  wholly  unfit,  either 
from  their  size  or  condition,  to  shape  the  sheets  properly. 
Punches  in  the  same  condition  and  capable  of  punching 
only  a  few  holes,  making  the  drilling  of  many  necessary. 
Stay-bolts  are  tapped  by  hand  at  great  expense,  when 
the  cost  might  be  reduced  immensely  by  the  use  of  the 
flexible  shaft,  which  can  be  obtained  at  a  very  moderate 
cost. 

Riveting  is  perhaps  done  by  hand,  the  cost  of  which 
might  also  be  reduced  nearly  ten-fold  by  the  use  of  a  riv- 
eting machine.  In  the  smith  shop  may  perhaps  be  found 
an  old  steam  hammer,  designed  years  ago  for  work  of  a 
character  totally  different  from  present  requirements. 
On  account  of  limited  range  it  cannot  be  used  for  most 
important  work,  and  from  old  age  it  may  be  out  of  ser- 
vice, while  undergoing  repairs,  a  considerable  jjortion  of 
the  time;  the  cost  of  which  and  the  value  of  time  lost  on 
account  of  such  delays  can  scarcely  be  calculated.  A  bolt- 
header  of  insufficient  size  and  capacity  may  also  render  it 
necessary  that  many  bolts  of  large  size  be  made  by  hand, 
at  a  cost  three  or  four  times  greater  than  they  could  be 
made  for  on  a  suitable  machine.  The  failure  to  provide 
good  forming  and  bending  tools  will  also  compel  such 
work  to  be  done  by  hand  at  great  cost. 

The  argument  may  at  once  be  advanced  that  such  tools 
cost  a  considerable  amount  of  money,  and  on  that  account 
are  beyond  the  reach  of  any  but  wealthy  companies.  That  is 
true  as  to  the  cost ;  but  we  would  answer  that  the  old 
machine  tools  increase  the  cost  of  production  immensely,  ' 
which  cost,  added  to  the  expense  of  keeping  them  in 
running  order,  would  not  only  pay  the  interest  on  the 
necessary  investment  for  new  tools,  but  would  leave  a 
large  surplus,  in  addition,  which  would  bring  back  a  por- 
tion at  least  of  the  amount  thus  invested. 

If  the  expense  of  equipping  all  the  shops  of  a  railroad 
company  would  be  too  great,  perhaps  one  so  equipped 
would  be  found  to  answer  every  purpose,  by  concentrat- 
ing as  much  of  the  work  as  possible  in  that  particular 
one.  We  may  safely  say  that  a  careful  investigation  of 
this  subject  will  lead  to  the  conclusion  that  many  tools 
which  arc  tolerated  in  shops,  would  be  more  profitable 
in  the  scrap-heap  than  to  retain  them  in  service. 


Although  rear  collisions  have  happened  on  the  New 
York  elevated  road,  crossing  collisions  have  been  exceed- 
ingly rare.  The  first  serious  one  happened  on  January 
19,  when  a  Second  avenue  train  struck  a  Third  avenue 
train  at  the  Chatham  square  crossing,  badly  damaging 
the  rear  car,  which  had,  fortunately,  very  few  passengers 
in  it.  The  accident,  it  is  stated,  was  due  to  an  engineer 
who  ran  past  a  signal  which  was  set  against  time.  The 
number  of  trains  at  this  crossing  is  very  great,  and  a  con- 
stant vigilance  is  required  to  prevent  accident. 
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On  the  Friction  of  Non-Conde 


The  assumption  of  the  distinguished  engineer,  Ue  Pam- 
bour,  that  the  wasteful  resistance  of  a  steam  engine  con- 
sists of  a  constant  quantity,  the  friction  of  the  unloaded 
engine,  increased  by  some  increasing  function  of  the  added 
toad,  has  been  accepted  as  correct  by  probably  all  recog- 
nized authorities  since  his  time.  Calling  A",,  the  resistance 
of  the  engine  running  free  and  under  no  other  load  than 
its  o«n  friction,  and  calling  /?,  the  resistance  coming 
upon  it  as  a  useful  factor  of  its  work,  and  making /the 
co-efficient  measuring  the  proportion  of  increased  friction 
due  to  the  load,  the  total  resistance  to  be  overcome  by 
the  engine  piston  is  thus 

i?=n+/i  /?,  +  />' .     M.) 


l)ui  it  seemed  to  the  writer  desirable  that  they  should  be 
checked  by  similar  work  upon  another  engine,  if  possible 
of  a  different  make,  before  attempting  to  state  definite 
conclusions  of  any  kind.  %,The  opportunity  to  secure  such 
a  repetition  of  the  investigation  was  offered,  during  the 
past  winter,  at  Cornell  University,  using  a  "  Straight  Line  " 
engine,  which  could  be  fitted  with  a  brake,  and  conven- 
iently submitted  to  test.  The  engine  is  of  the  same  make 
as  the  first  described,  but  of  a  different  size,  and  the  re- 
sults of  the  two  sets  of  experiments  are  considered  to 
accord  so  thoroughly  as  to  justify  publication.  The  fol- 
lowing are  the  data  and  results  of  these  two  sets  of  deter- 
minations : 

The  first  of  these  two  engines  was  built  from  designs 
brought  out  in  the  year  1880.  of  which  illustrations  may 
be  seen  in  the  Elfctricinn,  of  December,  18S3.  As  is  well 
known,  the  engine  derives  its  name  from  the  fact  that,  in 
Its  design,  the  attempt  has  been  made  to  take  all  stresses 
through  straight  members,  the  frame  thus  being  made  to 
consist  of  two  straight  compression  and  thrust  members. 


So  far  as  the  writer  has  observed,  it  has  never  been 
questioned  whether  the  quantity/  is  constant  or  variable 
and  no  recent  attempts  have  been  made  to  ascertain  its 
value  by  e.xperiraent. 

It  has  long  been  the  intention  of  the  writer  to  settle 
this  question,  which  had  for  years  existed  in  his  own 
mind,  and  the  opportunity  has  recently  been  offered  10  do 
so.  at  least  as  that  question  affects  the  modern  forms  of 
non-condensing,  high-speed  engines  now  so  generally  in 
use,  especially  for  electric-lighting  purposes.  The  first 
investigation  was  made,  at  the  suggestion  of  the  writer 
and  under  his  general  direction,  in  the  winter  of  1883-4, 
upon  a  "Straight  Line  Engine."  exhibited  that  year  at 
the  Annual  E,\hibition  of  the  American  Institute,  by  the 
Straight  Line  Engine  Company,  of  Syracuse,  N.  Y.,  and 
built  by  them  from  the  designs  of  Prof.  John  E.  Sweet,  the 
inventor  of  its  special  features.t  The  results  were  suffic- 
iently exact  and  satisfactory  in  every  respect  to  have 
been  made  the  basis  of  the  conclusions  here  to  be  stated  , 


*  Paper  read  at  the  meeting  of  the 
gineers,  held  in  New  York. 

+  The  work  was  done  with  equal  ( 
Aldrich,  graduates  of  Stevens  Institi 
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connecting  the  cylinder  heads  directly  with  the  main  pil- 
low-blocks, and  giving  a  characteristic  appearance  to  the 
whole  machine.  The  valve-gear  is  of  the  "  positive  "  type. 
the  expansion  made  variable  by  the  introduction  of  a 
governor  on  the  main  shaft  actuating  the  eccentric,  in 
the  manner  familiar  to  all  who  have  seen  the  more  com- 
mon forms  of  high-speed  engines.  In  the  design  of  this 
governor,  as  throughout  the  whole  engine,  special  care 
has  been  taken  to  provide  against  the  impeding  action  of 
friction,  the  machine  being  intended  to  be  as  nearly  fric- 
tionless  as  possible.  The  engine  rests  upon  three  points 
of  support,  and  thus  is  not  liable  to  be  thrown  out  of  line 
by  any  inequalities  of  foundation  or  bolting.  When 
tested,  the  engine  to  be  experimented  with  was  simply 
set  on  blocking,  and  had  no  foundation  ;  but  so  well  was 
it  balanced,  and  so  perfectly  was  its  alignment  main- 
tained, that  it  ran  with  absolute  smoothness,  and  as 
steadily  as  if  it  had  been  given  the  heaviest  foundation 
possible. 

For  the  purposes  of  test,  it  was  fitted  wjth  a  pair  of  care- 
fully standardized  indicators  and  a  Prony  brake.  Cards 
were  taken  simultaneously  from  both  ends  of  the  cylinder. 
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and,  at  the  same  instant,  readings  from  the  bral<e  were  ob- 
tained. A  comparison  of  tlie  power  indicated  by  the 
diagrams  and  that  shown  by  the  brake  gave  a  difference 
whicn  measured  the  friction  of  the  engine.  During  the 
trial,  the  engine,  when  working  at  its  rated  power,  con- 
sumed, according  to  the  indications  of  the  diagrams,  28.2 
pounds  of  steam  per  horse-power  per  hour,  or,  probably, 
between  35  and  38  pounds,  allowing  for  the  loss  by  cylin- 
der condensation,  not  accounted  for  on  the  indicator  card, 
a  very  excellent  performance  for  an  engine  of  but  ^5 
horse-power.  The  action  of  the  governor  was  extraordi- 
narily perfect.  The  engine  was  adjusted  to  make  230 
revolutions  per  minute  under  90  pounds  steam  pressure. 
The  observers  reported  that  it  made  the  same  number  of 
turns  whether  loaded  or  unloaded,  an  evident  impossibility 
with  a  governor  of  this  class,  in  which  only  approximate 
isochronism  can  be  attained.  The  writer,  to  settle  the 
question,  counted  the  revolutions,  minute  by  minute,  with 
a  hand-speed  counter,  and  made  it  230  revolutions  with 


tween  centers,  a  balanced  valve  with  stroke  of  2  to.  4 
inches,  according  to  position  of  governor  and  eccentric, 
a  fly-wheel  50  inches  in  diameter,  weighing  2,300  pounds, 
the  steam  and  exhaust-pipes  having  diameters  of  2>2  and 
4  inches,  respectively,  and  the  whole  machine  weighing 
2'^  tons.  The  space  occupied  by  the  engine  was  9  feet 
4  inches  in  length,  by  4  feet  8  inches  in  width,  and  3  feet 
10  inches  in  height. 

Examining  the  above  table  of  powers,  it  is  seen  that  the 
difference  between  indicated  and  dynamometric  power, 
the  friction  of  the  engine,  varies  somewhat,  with  varying 
steam  pressures  and  varying  total  power ;  but  in  such 
manner  as  to  indicate  the  controlling  cause  to  be  irregular 
in  action,  and  possibly  to  some  extent  due  to  errors  of 
observation  and  to  accident.  The  maximum  is  four  horse- 
power, the  minimum  about  two  horse-power.  The  usual 
difference  is  about  three  and  the  variations  are  irregularly 
distributed  throughout  the  whole  range  of  experiments. 
It  is  evident  at  a  glance  that  the  law  of  De  f'anibour  does 


the  whole  rated  load  on  the  engine  (35  to  40  horse-power), 
and  231  when  entirely  unloaded,  the  brake-strap  being 
loosened  until  it  could  be  shaken  about  on  the  pulley,  by 
the  hand,  with  perfect  ease.  This  was  repeated  until  no 
question  could  longer  exist  in  regard  to  the  matter.  The 
variation  with  variable  steam  pressure  was  greater. 

The  following  are  the  data  obtained  from  the  brake  and 
indicator  readings :  .l-^ZI 
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This  engine  was  8  inches  in 
inches  stroke  of  piston,  having 


diameter  of  cylinder,  14 
a  rod  44  inches  long  be- 


not  hold,  and  that  it  is  as  nearly  correct  to  say  that  the 
friction  of  engine  is  constant  as  otherwise.  The  column 
of  friction,  as  given  in  percentages  of  the  total  power,  ex- 
hibits the  same  fact.  There  is  continual,  though  some- 
what irregular,  reduction  of  the  percentage  of  friction, 
throughout  the  range  from  the  lowest  to  the  highest 
power,  and  very  nearly  inversely  as  the  power  exerted. 
This  is  best  shown  by  the  curve  given  in  the  accompany- 
ing plate  (Fig.  23),  in  which  a  smooth  line  has  been  drawn 
to  represent  as  nearly  as  possible  the  mean  of  all  observa- 
tions. It  is  evidently  more  nearly  correct  to  assert  that 
the  friction  of  a  non-condensing  engine  of  this  class  is 
constant,  and  independent  of  the  total  power  developed, 
than  to  accept  the  rule  of  De  Pambour.  The  power  for 
which  the  engine  is  proportioned  is  35  to  40  horse-power. 
At  this  power,  the  friction  of  engine  is  but  about  6  per 
cent,  of  the  total,  or  less  than  one- half  that  assumed  by 
De  Pambour,  and  accepted  as  correct  by  Rankine,  for 
engines  generally,  and  presumably  for  locomotives  especi- 
ally. The  result  is  exceedingly  gratifying,  and  seems  to 
the  writer  extraordinary  for  so  small  an  engine. 

The  repetition  of  the  experiment  upon  an  engine  of  an- 
other make,  having  a  cylinder  9  inches  in  diameter  and  a 
stroke  of  piston  of  12  inches,  which  would  naturally  give 
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a  somewhat  increased  perceiitagi;  o(  friction,  in  conse- 
quence of  the  proportionally  smaller  stroke,  at  20.  30.  50 
and  65  horse-power,  by  brake,  and  running  free,  revolu- 
tions 300  per  minute-  a  speed  which  may  also  have  caused 
some  increase  in  frictional  resistance,  not  only  in  rubbing 
parts,  but  by  increasing  back  pressure — gave  a  friction  of 
engine  measurmg  from  2.66  horse-power  unloaded,  to  4 
horse-power  at  20  to  30  horse-power,  4.8  horse-power  ai 
50,  and  5.3  at  65  horse-power,  the  total  friction  increasing 
perceptibly,  as  assumed  by  De  Panibour,  but  decreasing 
in  percentage  of  load,  from  16  to  7.5,  between  20  and  65 
horse-power.  It  is  very  nearly  constant  throughout  the 
whole  range  of  power  that  the  engine  would  be  worked 
under  ordinary  circumstances,  and  may  be  so  taken  with- 
out serious  error  ;  while  the  adoption  of  the  De  Pambour 
formula  would  give  a  value  of  /  so  small  that  its  use 
would  not  be  attended,  ordinarily,  with  sutBcient  increased 
exactness  to  compensate  for   the  additional  trouble   in- 
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volved  in  its  application.  \X.  their  rated  powers  the  two 
engines  thus  e.\hibit  efficiencies  of  mechanism  of  about 
94  and  90  per  cent.,  respectively. 

The  second  series  of  experiments  were  made  *  during 
the  latter  part  of  last  college  year,  confirming  the  deduc- 
tions already  given,  while  some  very  interesting  and 
original  modifications  were  made  in  the  details  of  method 
and  trial.  The  engine  taken  for  test  was  a  machine  re- 
cently built  and  sent  to  the  Cornell  University  for  pur- 
poses of  experimental  investigation  in  electrical  measure- 
ment and  other  work  of  the  college.  It  is  an  engine  7 
inches  in  diameter  of  cylinder  and  12  inches  stroke,  or 
more  exactly,  6^  inches  in  diameter;  the  cylinder  having 
been  bored  slightly  under  size.     The  general  plan  of  the 
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engine  is  siiuilar  to  the  lirst  of  those  already  described, 
and,  like  that,  is  carefully  designed  with  a  view  to  reduc- 
ing friction  to  a  minimum,  and  giving  a  regulation  of 
maximum  efliciency.  ^^Jie  brake  was  precisely  like  that 
used  in  the  first  described  experiments,  and  was  built  for 
the  engine  constructed  in  the  college  workshops,  under 
the  direction  of  the  inventor,  and  exhibited  at  the  Cen- 
tennial Kxhibition  in  1876  It  was  constructed  by  the 
Straight  Line  Engine  Company  and  adapted,  with  very 
little  alteration,  to  the  new  engine.  The  indicators  were 
carefully  standardized  and  put  in  good  order  in  every  re- 
spect, by  the  makers,  for  the  purposes  of  these  investiga- 
tions. The  reducing  mechanism  used  in  connecting  the 
indicator  barrel  to  the  cross-head  of  the  engine  was  de- 
signed and  built  by  the  observers,  and  fitted  with  a  very 
firm  connecting  arrangement,  and  with  an  ingenious  de- 
taching device.  A  sector  was  constructed  which  was 
pivoted  above  the  cross-head,  and  hung  in  the  vertical 
plane  above  the  latter,  the  engine  being  horizontal.  The 
arc  of  the  sector  carried  a  pair  of  steel  ribbons,  one 
attached  to  each  end,  each  carried  around  the  arc  and 
secured,  at  its  opposite  end,  to  the  end  of  a  bar  fastened 
on  the  cross-head,  in  such  manner  that  the  two  ends  of 
the  ribbons  at  the  cross-head  bar  being  well  secured  and 
tightly  drawn  up,  by  means  of  screws  placed  conveniently 
for  the  purpose,  all  back-lash  was  prevented,  and  an  abso- 
lutely exact  synchronism  of  movement  of  indicator  line 
and  cross-head  was  obtained.  The  engine  was  driven  at 
2S5  revolutions  per  minute,  and  it  was,  therefore,  very 
important  that  this  rigidity  of  connection  should  be 
secured.  A  smaller  sector  at  the  upper  part  of  the  larger 
one  was  the  carrier  of  the  cord,  and  the  combination  was 
thus  a  perfect  means  of  reproducing  the  motion  of  the 
engine  on  the  smaller  scale  required  in  working  the  paper- 
barrel  of  the  indicator.  The  "  cord  "  was  piano  wire,  a 
material  much  less  liable  to  cause  difficulty  by  stretching 
than  any  other  that  was  available.  Its  free  part  was  kept 
taut  by  a '•  spiral  "  (helical)  spring,  attached  beyond  the 
point  of  connection  with  the  paper  cylinder. 

In  the  first  of  these  experiments,  as  already  described, 
Thompson  indicators  were  used  ;  in  those  about  to  be 
considered.  Crosby  instruments.  It  was  hoped  that  the 
new  Tabor  indicator  could  be  used  also,  but  none  were 
received  in  time.  The  instruments  used  worked  perfectly, 
and  gave  no  trouble  from  beginning  to  end.  The  speed 
indicators  were  of  several  kinds.  Hand  instruments  of 
two  or  three  kmds  were  used  to  check  the  records  of  the 
automatic  instruments.  A  "  tachometer  "  was  attached 
and  belted  to  the  engine-shaft,  and  afforded  a  very  con- 
venient means  of  watching  the  momentary  fluctuations 
due  to  variations  of  load,  of  steam  pressure,  and  of  acci- 
dental disturbances.  A  chronograph  was  also  attached, 
connected  with  the  standard  clock  in  the  physical  labora- 
tory, to  beat  seconds.  A  commutator  was  placed  on  the 
engine-shaft,  making  contact  at  each  revolution,  and  a 
key  near  the  engine,  for  the  purpose  of  breaking  contact. 
A  Brown  mercury  speed-indicator  served  excellently  well 
for  a  constant  speed-indicator.  It  exhibited  instantly  any 
variation  of  speed  from  the  normal.  The  chronograph 
was  set  in  operation  when  the  indicator  cards  were  taken, 
and  thus  gave  the  exact  speed  of  the  engine  at  that  in- 
stant. Great  care  was  taken  to  keep  the  instruments,  and 
the  engine  as  well,  in  good  order  and  well  lubricated 
throughout  the  series  of  experiments.  Some  stiffness  of 
the  governor,  however,  the  cause  of  which  was  not  dis- 


68 


THE    RAILROAD    AND 


[February.  1887. 


covered  until  after  the  work  had  been  completed,  caused 
it  to  work  less  perfectly  than  in  the  engine  first  used,  and 
the  speed  varied  more  than  in  that  series  of  determina- 
tions. When  the  governor  was  in  its  most  perfect  adjust- 
ment, the  engine  was  capable  of  holding  the  standard 
speed  within  a  fraction  of  one  revolution  throughout  a 
wide  range  of  work,  and  nearly  down  to  the  lowest  power 
that  such  an  engine  is  at  all  likely  ever  to  be  called  upon 
to  supply. 

The  mean  effective  pressure  required  to  drive  the  engine 
alone,  loaded  and  unloaded,  throughout  the  whole  range 
of  the  trials  here  made,  was  4.55  pounds  per  inch  of  piston, 
and  was  nearly  constant,  as  in  the  first  investigation.  The 
steam  pressure  usually  ranged  between  65  and  75  pounds 
per  square  inch  at  the  steam-chest,  but,  when  it  was  de- 
sired to  secure  a  card  to  be  more  easily  worked  up,  the 
pressure  was  dropped  to  20  pounds.  A  series  of  special 
experiments  made  to  determine  the  question  whether  the 
friction  of  engine  is  variable  with  boiler-pressure,  although 


stant  speed,  is  practically  constant  at  all  loads  and  that 
the  dilTerences  and  irregularities  observed  are  due  to  acci- 
dental causes.  The  variation  of  speed  recorded  here  is 
in  some  cases  due  to  differences  of  steam  pressure,  partly 
purposely  produced,  and  partly  coming  of  the  fact  that  it 
was  necessary  to  take  steam  as  it  could  be  obtained,  and 
was  impracticable  to  secure  steady  pressure,  and  in  other 
instances  was  due  to  the  fact,  afterward  discovered,  that 
the  governor  had  been  adjusted  in  such  manner  as  to  be 
slightly  cramped,  and  thus  deprived  of  its  wonderful  sen- 
sitiveness and  accuracy,  as  e.xhibited  before  this  defect 
had  been  introduced,  and  after  it  had  been  remedied. 
Chronograph  records,  made  later  by  Prof.  Anthony,  ex- 
hibit the  most  extraordinary  smoothness. 

These  variations  of  speed  served  the  useful  purpose  of 
calling  attention  to  the  fact  that  the  engine-friction  varied, 
at  constant  load  and  speed,  with  variation  of  steam  pres- 
sure, and  to  a  very  noticeable  amount,  within  the  usual 
range  of  pressures  met  with  in  practice.     It  is  seen  that 


not  in  all  respects  satisfactory,  indicated  a  slight  increase 
in  engine  friction  as  steam  pressures  rose.  The  conclusion 
already  arrived  at  by  the  writer,  as  deduced  from  the 
work  previously  done,  that  the  engine  friction,  in  this 
class  of  steam-engine,  is  constant,  or  sensibly  so,  under  all 
loads,  is  thus  here  again  confirmed.  The  following  are 
the  data  obtained,  arranged  as  before,  to  exhibit  the  re- 
lation of  the  indicated  to  the  dynamometric  powers: 

I.  2.  3.  4.  5.  6.  7.  8. 
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The  first  glance  at  column  6  or  at  col 
table,  in  which  the  horse-power  absorbed  by  the  friction 
of  the  engine,  and  the  mean  effective  pressure  correspond- 
ing to  that  power  are  presented,  shows  that,  as  already 
concluded,  the  resistance  of  this  class  of  engine  at  con- 


in  rising  from  1 9  to  76  pounds  steam  pressure,  the  pressure 
demanded  to  give  the  engine  its  normal  speed,  unloaded, 
ranged  from  below  4  to  above  5  pounds  per  square  inch 
of  area  of  piston,  the  pressure  required  in  the  cylinder 
rising,  on  the  whole,  though  irregularly,  as  steam  pressure 
rose.  In  order  to  determine  whether  this,  which  might 
prove  to  be  a  hitherto  unobserved  law,  were  true,  the  fol- 
lowing data  were  obtained  by  a  series  of  experiments 
made  for  the  purpose  of  settling  this  new  question  : 

No.  of  Steam  Mean  Mean  F.  Percl. 
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In  the  first  set  of  experiments,  here  numbered  i  to  9, 
inclusive,  the  weight  on  the  brake-arm  was  kept  constant 
at  ten  pounds;  in  the  remaining  experiments  all  weight 
was  removed.  In  both  sets,  the  same  general  effect  is 
seen.  As  the  steam  pressure  rises,  the  speed  being  the 
same  and  the  resistance  the  same,  the  friction  of  the 
engine  increases  ;  from  2  pounds,  at  25  pounds  pressure 
in  the  steam-chest,  to  nearly  5  pounds  per  square  inch  of 
piston  at  the  maximum,  82  pounds  steam  in  the  valve- 
chest.  As  the  steam  pressure  fell  from  this  point  to  15 
pounds,  in  experiments  9  to  17,  the  load  being  thrown  off 
entirely,  and  the  speed  being  nearly  constant,  the  mean 
pressure  measuring  the  friction  of  engine  falls  again  below 
3  pounds  per  square  inch  of  piston.  The  difference  is 
•considerably  less  in  the  last  series  than  in  the  first;  which 


plan  of  engine  and  surroundings,  exhibiting  the  location 
of  instruments;  and  Figs.  19  and  20  represent  character- 
istic diagrams  obtained  by  means  of  the  indicator,  show- 
ing the  variations  of  steam  distribution  with  variations  of 
load  on  the  brake.  All  these  illustrations  refer  to  the 
work  of  later  date.  Figs.  21  and  22  are  given  to  exhibit 
the  method  of  variation  of  mean  friction  pressures  with 
variation  of  load,  the  variation  of  the  percentage  of  fric- 
tion resistance  as  a  fraction  of  total  resistance  with  vary- 


K- 


Fig.  19. 

apparent  discrepancy  is  accounted  for  by  the  fact  that  the 
variation  of  steam  pressure  in  the  first  series  was  accom- 
panied by  a  greater  change  of  speed  of  engine  than  in  the 
second.  The  resistance  is  seen  to  increase  slowly,  there- 
fore, with  increase  in  speed  of  rotation.  The  effect  of 
change  of  pressure  is,  in  these  cases,  more  marked  than 
that  of  alteration  of  velocity  of  the  engine. 

The  accompanying  illustrations  show  the  apparatus  and 
exhibit  the  facts  revealed  by  the  investigations,  which  have 
now  been  described,  better  than  can  the  text.  Fig.  15 
shows  the  method  of  attaching  the  indicators,  with  an 
elevation  of  the  engine  cylinder  and  section  at  the  cross- 
head  ;  Fig.  16  exhibits  the  same  arrangement  in  plan  ; 
Fig.  17  gives  an  enlarged  view  of  the  reducing  mechanism 
and  attachment  to  the  cross-head  ;  Fig.  18  is  an  outline 


Fig.  20. 

ing  loads,  for  the  last  investigation  ;  and,  for  comparison 
the  same  ratios,  as  obtained  in  the  work  done  at  the 
American  Institute  Exhibition,  are  given  in  Fig.  23. 
These  last  curves  are  seen  to  be  approximately  hyper- 
bolic ;  while  the  first  given  is  a  straight  line.  The  originals 
of  these  curves  were  carefully  plotted  by  Messrs.  Day  and 
Riley,  from  the  records  of  original  observations,  and 
beautifully  represent  the  laws  which  it  was  the  object  of 
these  investigations  to  reveal  and  establish. 

After  a  survey  of  this  work,  it  may  be  asked.  How  does 
it  happen  that  rise  in  steam  pressure  produces  evident  in- 
crease of  the  frictional  resistance  of  the  engine?  It  was 
long  ago  shown  by  the  writer,  and  is  now  well  established 
by  many  independent  investigations,  that,  with  good 
lubrication,  increase  of  pressure  on  a  journal  gives  de- 
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creased  co-elliciciits  of  friction,  anil  this  would  seem  to 
show  that  the  friction  of  engines  in  whicli  the  resistance 
caused  by  friction  is  mainly  due  to  journals  and  lubricated 
surfaces,  should  become  less  as  pressures  increase,  the 
useful  load  and  the  speed  of  engine  remaining  constant. 
This  query  is  a  very  natural  one,  and  is  based  upon  a 
correct  statement  of  fact,  however  inconsistent  it  may 
seem  to  be  with  the  results  above  derived.  The  cause  of 
the  apparent  discrepancy  is  attributable,  probably,  to  the 
variation  produced  by  the  action  of  the  governor  in  the 
distribution  of  steam.  It  will  be  seen  that  the  effect  of 
increase  of  steam  pressure  is  to  cause  acceleration  of 
speed  of  engine,  a  change  essential  to  produce  the  action 
of  the  governor  at  all.  and  that  it  results  in  the  read just- 


at   [positions   removed    from   the  "  dead   points,"  and   the 
variation   here  described  would   be  thus  reduced,   while 
the  efficiency  of  the  engine  would  be  increased. 
Prof.  Rankine  proposed  the  formula: 

A'  --=  A',  (1  -/I 12.1 

This  formula  is  evidently  inadmissible,  at  least  for  the 
class  of  engine  which  was  made  the  subject  of  the  experi- 
ments which  have  been  here  described.  Since  the  friction 
of  engine  is,  so  far  as  can  be  here  seen,  sensibly  indepen- 
dent of  the  magnitude  of  the  load  and  of  the  resistance 
produced  by  it.  the  correct  formula  would  seem  to  be  : 

R  =  R,  +  li (3.1 

the  total   resistance  met   at   tlie  piston  being  the  sum  of 
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ment  of  the  set  of  the  valve  in  such  manner  as  to  cause 
the  greater  proportion  of  the  nearly  constant  amount  of 
work  performed  to  be  done  more  nearly  at  the  commence- 
ment of  the  stroke,  at  a  point  in  the  orbit  of  the  crank-pin 
at  which  the  work  is  mainly  lost  by  friction,  and  to  reduce 
the  proportion  of  total  work  done  at  or  near  the  "half- 
center,"  where  it  is  principally  useful.  The  proportion  of 
useful  to  lost  work  is  thus  varied  in  such  manner  as  to 
give  a  mean  final  result  which  is  the  less  favorable  as  the 
steam  pressure  is  higher,  and  the  cut-off  shorter,  giving  a 
higher  ratio  of  expansion.  It  is  also  evident  that,  if  this 
explanation  is  correct,  the  difference  here  noted  will  be 
less  as  the  point  of  cut-off  approaches  and  passes  the 
half-stroke  position  of  piston  and  cross-head.  Could  the 
valve  be  set  with  negative  lead  for  all  positions  at  the 
point  of  cut-off,  as  is  considered  right  by  some  experi- 
enced engineers,  the  work  would  be  more  nearly  performed 


the  resistance  of  the  engine  itself  and  that  of  the  load, 
both  being  determinable,  both  being  independent,  and 
being  governed  by  entirely  different  laws. 

The  conclusions  to  be  drawn  from  what  has  preceded 
are  obviously  the  following  : 

(I.)  The  friction  of  the  non-condensing  engine,  of  the 
class  here  described,  is  sensibly  constant  at  any  given 
speed,  at  all  loads,  and  is,  at  different  speeds,  entirely  in- 
dependent of  the  magnitude  of  the  load. 

12.)  The  friction  of  engines,  of  the  type  described,  is 
variable  with  variation  of  speed  of  engine,  increasing  as 
speed  increases,  in  some  ratio  as  yet  undetermined,  but 
probably  different  with  every  engine,  and,  for  the  same 
engine,  with  every  change  of  conditions  of  operation. 

(3.)  The  friction  of  engines  increases  with  increase  of 
steam  pressure,  in  the  case  of  the  class  here  referred  to. 
in  a  probably  similarly  variable  manner  with  that  observed 
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GENERAL  PLAN  OF  1,200,000  LBS.  TESTING  IVIACHINE. 

MAXIMUM  WATER-PRESSURE  600  LBS,  PER   SQUARE  INCH, 
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W*— — tJiMll^  I'll'  If I'l—WI 


Vol.  l.XI.  No.  2. 


ENGINEERING    JOURNAL. 


71 


with  altcralioii  of  speed,  neither  mctliod  of  variation  bcin^' 
capable  of  representation  by  any  convenient  alj^cbraic 
expression. 

(4.)  The  total  resistance  measured  at  the  piston  of  the 
engine  is  composed  of  two  parts,  the  one  sensibly  constant 
at  the  working  speed,  the  other  variable  with  external 
load,  and  may  be,  for  practical  purposes,  at  least,  repre- 
sented bv  the  expression  : 

A'  =  A',  -  K.. 
in  whicii  A'  is  tin-  total  resistance,  as  shown  on  the  indi- 
cator diagram  A',,  the  resistance  due  to  thee.\ternal'load  ; 
e.g.,  as  measured  by  a  Prony  brake,  and  /?,.  the  resistance 
of  the  unloaded  engine,  as  shown  by  a  "  friction  card  " 
taken  with  the  steam-engine  indicator. 

It  is  sufficiently  obvious  that  these  conclusions  are,  at 
present  at  least,  only  certainly  applicable  to  one  class  of 
engine.  It  is  not  improbable  tliat  the  condensing  engine 
may  be  subject  to  quite  different  laws.  It  is  to  be  hoped 
that  this  question  may  be  settled  by  direct  experiment  at 
an  early  day.  The  custom  has  obtained,  hitherto,  of 
allowing  a  certain  pressure  per  square  inch  of  piston  as 
the  equivalent  of  the  friction  resistance  of  the  engine  in 
marine  practice— this  pressure  being  taken  at  from  2j4 
pounds  in  the  case  of  engines  of  moderate  size,  to  1  >^  with 
the  largest  engines.  It  has  never  yet  been  ascertained 
whether,  or  to  what  extent,  the  friction  of  engine  is  aug- 
mented by  the  imposition  of  load.  The  assumed  figure 
represents  from  5  to  10  per  cent.,  usually,  of  the  total 
indicated  power  of  the  engine.  Isherwood  has  taken  jyi 
per  cent,  of  the  useful  load  as  the  amount  of  increase  of 
friction  of  engine  due  to  its  action.  This  estimate  is 
stated  to  be  made  on  the  basis  of  the  data' given  by 
General  Morin,  whose  co-efficients  for  friction  of  lubri- 
cated surfaces  are  now  known  to  be  enormously  larger 
than  those  customarily  met  with  in  practicejin  well  lubri- 
cated journals  of  large  size  working  under  heavy  pressures. 
In  such  cases,  when  the  surfaces  are  in  good  order,  the 
co-etScient  is  known  to  fall  to  below  i  per'cent.,  instead 
of  bemg  from  3  to  5,  as  given  by  Morin,  as  determined 
under  the  different  conditions  of  his  experiments.  Where 
the  journals  are  not  well  lubricated,  and  especially  when 
they  are  rough  or  cut  by  abrasion,  friction  may^increase 
enormously  and  may  pass  far  beyond  the  figures  given  by 
Morin  even  ;  but  such  exceptional  conditions  cannot  be 
taken  into  account  to  establish  laws  for  application  in 
design,  or  in  good  practice.  For  all  cases  in  which  the 
friction  varies,  as  in  the  examples  here  above  illustrated, 
the  ■■  friction  card  "  sensibly  represents  the  correct  tare, 
whether  the  engine  be  loaded  or  unloaded. 

A  word  in  explanation  of  the  fact  here  shown  that  the 
increased  load  thrown  upon  the  shaft,  crank-pin,  and 
cross-head  journals  does  not  noticeably  increase  the  fric- 
tion of  engine,  will  be  considered  not  out  of  place  here. 
The  friction  of  engine  consists  of  the  resistances  due  to 
the  motion  of  the  various  piston,  valve,  and  other  rods 
through  stuffing-boxes  and  in  guides,  the  friction  of  the 
piston  rings  on  the  cylinder  surface,  the  friction  of  eccen- 
trics, and,  often,  other  parts  which  are  independent  of  the 
magnitude  of  the  load  thrown  upon  the  engine  by  the  use- 
ful resistance,  in  addition  to  the  friction  of  the  journals 
transmitting  the  effort  of  the  steam  to  the  exterior  resist- 
ing work,  and  of  the  cross-head  guides  and  other  parts 
indirectly  affected  by  its  variation.  It  thus  happens  that 
the  resistance  due  to  the  friction  of  the  latter  may  be,  and 


often  is,  but  a  small  proportion  of  the  wliole  friction  of 
engine.  The  total  friction  of  engine,  as  has  been  seen,  in 
engines  of  the  class  here  studied,  and  of  the  sizes  de- 
scribed, amounts  to  a^out  10  per  cent,  of  the  total  power 
developed  when  fully  loaded  ;  but  the  co-elTicient  of  fric- 
tion of  any  one  journal,  if  well  lubricated,  has  been  found 
by  the  writer,  by  hundreds  of  experiments,  under  such 
pressures  as  are  usual  on  the  main  journals  of  the  steam 
engine,  to  fall  below  i  per  cent.,  and  the  absorption  of 
work  and  energy  is  thus  a  still  lower  proportion  of  the 
work  of  the  steam  in  proportion  as  the  speed  of  rubbing 
is  less  than  that  of  the  piston.  The  loss  of  power  along 
the  line  of  connection  is  thus  exceedingly  small.  It 
should  never  exceed  probably  2  per  cent,  of  the  work 
done,  or  between  10  and  20  per  cent,  of  the  total  friction. 
Again,  the  co-efficient  of  friction,  within  the  usual  range 
of  pressures  on  these  journals  and  the  guides,  with  good 
lubrication,  increases  rapidly  as  pressures  fall,  and  decreases 
as  greatly  when  the  pressures  increase  with  variation  of 
engine  power  and  load,  and  this  often  occurs  so  rapidly 
that  the  total  frictional  resistance,  on  these  parts,  even, 
varies  very  slowly  with  variation  of  load  ;  while  the  fric- 
tion of  the  other  portions  of  the  engine,  above  mentioned, 
remains  quite  constant.  The  resultant  effect  is,  as  shown 
by  the  investigation  here  described,  a  practically  constant 
friction  of  engine  under  all  loads,  the  speed  and  steam 
pressure  being  constant.  Whether  this  is  true  of  con- 
densing engines  is  doubtful,  and  it  would  be  an  important 
extension  of  this  research,  could  similar  investigations  be 
made  of  the  friction  of  other  forms,  and  especially  the 
marine  steam-engine  and  pumping  engines. 


The  Six-Hundred  Ton  Testing  Machine   at  the  Works 
of  the  Union  Bridge  Company,  at  Athens,  Pa.* 

BV   CHARLES   MACDONALD,    M.   AM.  SOC.   C.    E. 

A  BRIEF  description  of  a  testing  machine  capable  of 
exerting  a  tensile  strain  of  1,200,000  pounds,  recently 
constructed  at  the  works  of  the  Union  Bridge  Company, 
at  Athens,  Pa.,  and  successfully  applied  in  pulling  to  de- 
struction a  number  of  eye-bars  of  unusually  large  dimen- 
sions, may  prove  of  interest. 

In  general  it  may  be  described  as  consisting  of  a  hy- 
draulic cylinder  securely  fastened  between  two  longitu- 
dinal girders,  which  form  the  frame  of  the  machine;  a 
tail  block  attached  to  the  webs  of  the  girders  at  conve- 
nient intervals,  and  two  connecting  blocks  to  receive  the 
test  pieces,  attached  respectively  to  the  piston  of  the  cyl- 
inder and  the  tail  block.  They  are  carried  upon  finished 
wheels,  running  upon  an  accurately  lined  and  finished 
track  resting  upon  the  lower  flanges  of  the  girders.  The 
strain  upon  the  test  piece  is  assumed  to  be  equivalent 
to  the  hydraulic  pressure  upon  the  piston,  which  is  meas- 
ured by  a  Shaw  mercury  column  and  a  spring  gauge,  both 
being  referred  to  the  center  of  the  cylinder.  The  stretch 
is  recorded  upon  a  natural  scale. 

A  reference  to  the  drawings  will  indicate  the  details  of 
this  simple  piece  of  mechanism,  and,  it  is  hoped,  furnish 
evidence  of  the  accuracy  of  the  methods  by  which  im- 
portant results  have  been  obtained. 

Inasmuch  as  the  arrangements  lor  applying  compression 
strains  have  not  yet  been  perfected,  although  they  are  in 
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a  forward  state  of  preparation,  your  iUlcntioii  is  liircclcd 
to  the  machine  as  at  present  adapted  to  tensile  strains 
only,  reserving  to  the  near  future  a  presentation  of  the 
completed  inachine. 

Plate  1  represents  a  general  plan  and  elevation  with 
sections.  The  cylinder  is  of  cast-steel,  4  feet  3  U  inches 
diameter  and  6  feet  o!;  inch  long,  giving  an  eflcctive  area 
of  2,039  square  inches,  and  a  working  stroke  of  4  feet  1 1 
inches.  The  maximum  water  pressure  for  which  provis- 
ion has  been  made  is  600  pounds  per  square  inch,  which, 
for  a  piston  area  of  2,039  inches,  produces  a  total  strain 
upon  the  test  piece  of  1,223,400  pounds,  under  the  assump- 
tion, which  is  believed  permissible,  that  the  resistance  due 
to  friction  is  sufficiently  small  to  be  neglected.  For  the 
purpose  of  facilitating  observations,  it  is  intended  that 
the  cylinder  should  have  an  eti'ective  area  of  e.\actly  2,000 
square  inches,  so  that  one  pound  upon  the  gauges  would 
indicate   a   ton  of  pressure,  but  a  defect  in  the   casting 


ini;  on  wheels,  and  attached  to  the  tail  block  ,  /  by  four 
steel  rods  /?•',  5  =s  inches  in  diameter,  having  the  adjust- 
ment at  /^  above  described.  Provision  is  made  for  recoil 
by  a  steel  rod,  H.  fastened  to  B\  and  passing  through  a 
brass  friction-clamp,  /,  in  the  tail  block.  It  will  be  ob- 
served that  the  rods  D'  are  held  fast  in  the  block  B^ 
by  double  nuts,  while  they  are  free  to  push  through  the 
tail  block  A.  The  effect  of  recoil  at  this  end  is  there- 
fore controlled  by  friction  upon  the  rod  H,  and  the  amount 
of  the  friction  required  for  that  purpose  is  regulated  by 
adjustment  in  the  clamp  /. 

A  vertical  slot,  disposed  centrally  between  the  rods 
DK  admits  the  head  of  the  eye-bar,  which  is  secured  by  a 
pin  passing  through  a  pin-hole  T,i  inches  diameter,  and 
slotted  I  Vi  inches.  When  smaller  pins  are  required,  col- 
lars are  added  to  fill.  The  object  of  this  elongation  of 
the  pin-hole  is  to  admit  of  recoil  in  the  test  piece  itself — 
a  not  inconsiderable  quantity  in  large  bars.    This  recoil  is 


Plate  111. 


1,200,000  LBS.  TESTING  MACHINE 

SECTION  SHOWING  PACKING  OF   PISTON 


made  a  slight  increase  in  the  bore  necessary.  It  is  se- 
cured to  the  girders  by  steel  bolts  and  angles,  and  the 
outer  end  is  left  open  for  inspection.  The  piston  and  rods 
are  packed  with  ordinary  packing,  to  be  more  fully  de- 
scribed hereafter.  The  main  girders  are  of  wrought-iron, 
60  feet  long  by  3  feet  555  inches  high,  built  up  of  plates 
and  angles  rolled  in  one  length.  Holes  are  bored  through 
the  webs,  (>}'■.  inches  diameter  and  18  inches  apart,  for 
convenience  of  attachment  of  the  tail  block  ;  along  this 
portion  of  the  webs  the  thickness  of  the  metal  is  2'; 
inches.  They  rest  on,  and  are  secured  to,  12-inch  cross- 
girders,  which  are  bolted  to  masonry  foundations.  The 
top  flanges  are  held  in  line  by  cast-iron  brackets  G. 

The  tail  block  /I  is  a  steel  casting,  which  may  be  at- 
tached to  the  girders,  at  intervals  of  18  inches,  by  two 
short  steel  pins,  on  either  side,  6K  inches  in  diameter,  and 
any  intermediate  adjustment  is  obtained  by  four  geared 
steel  nuts  C,  working  on  rods  D'.  These  nuts  are  turned 
by  a  central  pinion  on  the  shaft  E,  the  nuts,  pinion  and 
shaft  being  contained  in  the  plate-box  F. 

The  connecting  block  B"  is  a  slotted  steel  casting  rest- 


taken  upon  a  wooden  block  placed  between  the  back  of 
the  slot  and  the  end  of  the  eye-bar. 

The  connecting  block  B  is  similar  in  all  respects  to  B', 
except  in  that  it  is  attached  to  the  piston  by  rods  D, 
of  same  size  as  D-,  the  recoil  in  this  instance  being  trans- 
mitted without  injurious  effect  upon  the  piston. 

Plate  II  is  an  enlarged  view  of  cylinder  head  and  pis- 
ton, showing  the  copper-wire  packing  between  head  and 
barrel,  also  the  piston  and  piston-rod  packing,  and  the 
connection  of  cylinder  with  main  girders. 

Water  is  delivered  from  the  pump  through  the  pipe  P . 
3  inches  diameter,  and  is  discharged  through  P'.  of  the 
same  diameter,  into  a  tank  outside  the  building.  The 
vertical  distance  from  center  of  the  cylinder  to  the  sur- 
face of  the  water  in  this  tank  is  4  feet  6  inches. 

Plate  III  illustrates  on  still  larger  scale  the  detail  of 
the  piston  packing.  A  sample  of  the  packing  itself  is 
also  submitted  with  the  paper;  it  does  not  differ  from 
that  in  general  use,  and  is  too  well  known  to  require  de- 
scription. This  packing  is  "set  up"  by  a  brass  gland  and 
packing    bolts,    with   thread    and    nut    adjustment,    until 
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the   leakage,  undci    maximum  pressure,  is  reduced  to  a  Under  the  maximum   pressure  for  which  the  machine 

thin  film  of  water  dischargmg  uniformly  about  the  peri-  has  been  designed,  the  principal  members  are  subjected 

phery  of  the  piston.     After  a  test  has  been  completed  and  to  initial  strains  up  to  the  following  limits: 

the  piston  remains  at  a  distance  from  the  head  01  thecyl-  M.iin  girders 7. .00  pounds  compression  per  square  inch. 

inder  equal  to  the  stretch  of  the  piece,  it  is  brought  back  Steel  castings 15,000    ■•  "  

to  a  normal  position  by  opening  the  discharge  coclc  in  the  ,,  ..13,000  tension  

t^  J     r  b  n  connecirngs  rods  15,000      "  "  ' 

pipe/'-,  and   allowing  the   water  to  pass  out  under  the  •■   bolts 12,000     "        shear 

head  of  4  feet  6  inches,  when  it  is  found  that  the  partial  All  strains  are  referred  to  the  net  or  effective  sections, 
vacuum  thus  obtained,  which  is  equivalent  to  1  'i  pounds  and  this  margin  of  safety  appears  to  be  sufficient  to  pro- 
per square  inch  upon  the  piston,  is  sufficient  Un  the  pur-  ^ide  against  injury  from  the  sudden  release  of  strain  at 
pose.     Thi?  is  equal  to  about  three  thousand  pounds  total  the  moment  of  rupture  of  test  piece. 

pressure,  and,  inasmuch  as  the  pressure  upon  the  packing  ^  fragment  of  a  steel  bar.  8  by  i  |f  inches  section,  which 

when  properly  adjusted  by  its  gland  for  a  maximum  water  has  been  tested  to  rupture  on  this   machine  is  exhibited 

pressure  is  believed  to  be  a  constant  quantity,  it  is  as-  j   herewith ;  upon  it  will  be  found  a  full  record  of  the  test, 

sumed  that  three  thousand  pounds  represent  the   maxi-  in  reo-alar  form,  as  follows: 

mum  reduction  which   should  be  made  as  compensation  i              Works:                             Union  Bridge  Companv, 

for  frictional  resistance.      This    is   scarcely  one-quarter  of  ATHENS,  pa.         Civil  Engineers  and  Constructors  of  Bridges, 

one  per  cent,  of  the  highest  strain  Indicated  by  the  gauges.  Late  Kellogg  &  Maurice.             New  York  Office,  18  Broadwav. 

,  ,          ,,              -1                        .               ,_       1-               J    J  '       Capacity,  14,000  tons. 

and  for  all  practical  purposes  it  may  be  disregarded.  buff   lo  n  v 

Pressure  is  supplied  in  the  cylinder  by  a  pump   having  Late  Cen^l  Bridge  Wks, 

three  single-acting  plungers,  2,V  inches  diameter   and  10-  Capacity,  12,000 tons. 

inch  stroke,  working  at  slow  speed,  and  gix'ing  steady  and  .   Test  No.  20.                                        Tf.stinc  DEiAKTMENr, 

uniform  movement  to  the  piston.     An  engine  having  two  i    Contract  No....                                                 at  Athens,  Pa., 

cylinders,  8  inches  diameter  bv  S  inches  stroke,  is  suffic-  °"sinal  Mark,  M.                                                        October  2,.  .886. 

lent  to  work  the  pumps  with  such  regularity  that  little  or  /""-'"d  'est  of   Hawkesbury  Bridge  Steel  Eye  Bar,  rolled  by  Steel 

r         f                                 &              ,'  Company  of  Scotland.     Manufactured    by  Buffalo  Shop,  Union    Bridge 

;no  fluctuation  is  noticeable  in  the  gauges.  Company. 


Before  Breaking  Li     T  'G-^ 

After  Breaking Lb      1+;^  — 


Elong.  taken  in 


8'o" 


In  operating  the  machine,  the  tail  block  A  is  attached 
to  the  web  of  the  girders  at  the  nearest  range  of  holes  cor- 
responding to  the  length  of  test  piece ;  the  block  B^  is 
adjusted  to  exact  position  by  the  spindle  J^.  The  test 
piece  is  lowered  into  the  slots  by  an  overhanging  traveler, 
and  when  the  connecting  pins  are  driven  the  pressure  may 
be  applied.  Upon  starting  the  pumps  the  gauges  begin 
to  rise  at  a  uniform  rate,  and  continue  until,  for  a  moment 
they  cease  to  move,  which  fact  is  assumed  as  indicating 
permanent  set.  After  this  limit  is  passed  the  advance  is 
at  a  gradually  decreasing  rate  until  the  ultimate  or  highest  ^ 
pressure  is  reached;  at  this  point  they  remain  stationary. 
or  with  very  slight  vibrations,  often  for  a  considerable 
time,  the  stretch  in  the  piece  meantime  continuing  with 
increasing  rapidity.  When  the  stage  of  actual  rupture  is 
initiated  the  gauges  begin  to  fall,  slowly  at  first,  after-  i 
wards  with  rapidly  increasing  rate,  until  the  piece  is  I 
broken.  In  order  to  prevent  injury  to  the  gauges  by  the 
sudden  reduction  of  pressure  at  this  instant,  small  check 
valves  are  placed  in  the  supply  pipes  just  under  the  gauges. 
They  are  light,  and  close  by  gravity,  allowing  the  pressure 
to  be  relieved  gradually. 

The  effective  length  of  the  cylinder  being,  as  already 
stated,  4  feet  1 1  inches,  it  is  possible  to  stretch  a  specimen 
to  that  limit  before  withdrawing  the  pressure  in  order  to  , 
set  back  the  tail  block.  This  represents  12  per  cent, 
stretch  for  an  eye-bar  40  feet  long,  which  is  the  limit  of 
the  machine,  and  for  a  great  majority  of  cases  this  range 
..is  in  excess  of  the  ultimate  strength. 


Head :  Dimensions,  i3A  X  1.98  in.  Head  :  Dimensions,  |8^  X  ■.«  in. 

Excess,  41.4  per  cent.  Excess,  45.7  per  cent. 

Diameter  of  pin-hole,  7.03  in.  Diameter  of  pin-hole,  6.52  in. 

Elongation  of  pin-hole,  1.18  in.  Elongation  of  pin-hole,  1.60  in. 

Nominal  section,  8  X  iH  in.  Actual  section.  8  X  1.93  in. 

Original  area,  15.44  sq.  in.  Fractured  area,  6.22  X  1.20  in.  =  7.464  sq.  in. 

Gauge  reading  for  elastic  limit 273  =  556,815  pounds. 

"  "  ultimate  strength,  503  =  1,025,920     " 

Elongation  in  12  in.,  4K  in.  Elongation  in  8  feet,  i  ft.  ifS  in. 

Elastic  limit 36.0*3  pounds  per  square  inch. 

Ultimate  strength 66.445 ' 

Elongation  in  12  inches 37-5  per  cent. 

8  feet 20.76 

Reduction  of  area  at  fracture =  5'-65 

Fracture  tibrous  an  J  silky,  excepting  little  fine  crystal  on  edges. 

Elongations  in  8  spaces  of  12  inches  each: 
{  A\  '  't.-'H  in.-l-tft.  itJin. -f  ift.ain.-f.  ft.  iX  in.  + 1  ft.  2  in. -H 
\      /      ift.2^iin.  +  .  ft.  2i8  in. -f- 1  ft.  4M  in.  fracture -(- 1  ft.  2K  in. 

This  material  was  required  to  stand  67,000  to  74,000  pounds  per  square 
inch  on  sections  of  >^-inch  diameter. 

UNION  BRIDGE  COMPANV. 

By  Millard  Hassiker,  Inspector. 

From  this  it  appears  that  the  maximum  strain  applied 
was  1 .025,920  pounds,  or  66,445  pounds  per  square  inch  on 
original  area  of  i  SfVV  square  inches.  The  remaining  por- 
tion of  this  bar  has  been  sent  to  Mr.  B.  Baker,  M.  I.  C.  E., 
in  London,  as  a  specimen  of  the  material  and  workman- 
ship for  the  Hawkesbury  Bridge,  for  which  tests  were  re- 
quired. 

Numbers  of  bars,  ranging  in  section  from  5  to  18  square 
inches,  have  been  tested  with  similar  results,  and  without 


Vol.  LXI,  No.  2.J 


ENGINEERING    JOURNAL. 


the  slightest  injurious  effect  upon  the  machine.  The 
largest  bar  thus  far  strained  to  rupture  was  8  by  z^ 
inches  section  by  14  feel  10  inches  between  bearings  on 
pins,  the  material  being  open-hearth  steel,  specified  to 
stand  67,000  to  74,000  pounds  per  square  inch  on  small 
specimens.  ^4  inch  diameter.  In  this  case  the  maximum 
strain  was  1.187,000  pounds,  or  66,539  pounds  per  square 
inch  on  the  original  area.  Two  steel  bars.  8by  2^8  inches 
in  section,  have  been  strained  up  to  1.223,760  pounds  with- 
out causing  rupture,  when  it  was  thought  prudent  to  dis- 
continue the  tests. 

It  has  been  previously  stated  that,  at  the  moment  of 
rupture,  a  considerable  reduction  of  strain  is  indicated  by 
the  gauges.  A  few  observations  of  this  reduction  have 
been  made ;  and,  as  a  matter  of  interest,  it  may  be  stated 
that,  in  the  case  of  the  fragment  exhibited,  the  strain  per 
square  inch  at  the  moment  of  fracture,  referred  to  the 
original  area,  was  57,464  pounds  per  square  inch,  as  against 
66,445  pounds  maximum  indication  before  final  reduction 
began.  If  the  area  at  point  of  fracture  be  considered,  the 
actual  strain  upon  that  area  was  1 18,867  pounds  per  square 
inch. 

Your  attention  is  called  to  the  flow  of  metal  at  the  zone 
of  fracture,  to  the  elongation  of  pin-hole,  and  in  fact  to 
the  general  appearance  of  the  fragment  as  a  whole,  indi- 
cating, as  it  does,  far  better  than  any  mere  verbal  descrip- 
tion, the  capacity  of  the  machine. 

At  the  present  writing  its  sphere  of  usefulness  is  limited 
to  the  testing  of  tension  members,  not  exceeding  40  feet 
in  length,  to  a  maximum  strain  of  1,200,000  pounds.  The 
largest  pin-hole  provided  for  eye-bars  is  7)4  inches  dia- 
meter, but  flats,  rounds  and  squares  can  be  tested  without 
pins  by  a  simple  attachment  to  the  connecting  blocks. 
When  the  plans  for  applying  compressive  strains  are  per- 
fected, it  will  be  possible  to  test  specimens  up  to  32  feet 
in  length  and  800.000  pounds  pressure. 

The  machine  was  designed  by  Mr.  Charles  Kellogg, 
Member  of  the  Society.  The  late  Mr.  J.  L.  Marsh  ren- 
dered valuable  service  to  Mr.  Kellogg  in  the  preparation 
of  plans  and  in  superintending  the  construction.  His 
death  occurred  immediately  after  its  completion. 

It  is  not  contended  that  this  is  an  instrument  of  precis- 
ion, as  for  experimental  research,  or  that  in  sensitiveness 
or  minute  accuracy  it  is  the  equal  of  the  United  States 
testing  machine  at  Watertown  Arsenal.  Mr.  Kellogg 
himself  would  be  the  last  person  to  invite  comparison 
in  that  respect  with  the  superb  invention  of  Mr.  A 
Emery.  What  he  has  accomplished  has  been  the 
construction  of  a  machine,  at  moderate  cost,  which  wil\ 
test  to  destruction  full-sized  sections,  as  they  are  required 
for  structural  purposes,  with  rapidity  and  reasonable 
accuracy,  of  which  the  records  submitted  are  sufficient 
evidence. 

In  reply  to  an  inquiry  regarding  the  Watertown  ma- 
chine, the  writer  has  been  favored  with  the  following 
information  by  F.  H.  Parker.  Major  Ordnance  Depart- 
ment, U.  S.  A. 

"A  description  and  account  of  the  machine  is  published 
in  the  Annual  Report  of  the  Chief  of  Ordnance,  U.  S.  A., 
for  1883.  From  that  you  will  see  that  the  capacity  of  the 
machine  is  800,000  pounds  for  tension  tests  and  1,000,000 
pounds  for  compression.  In  the  combination  of  the  quali- 
ties of  accuracy,  sensitiveness,  and  convenience  of  mani- 
pulation. It  is  believed  to  stand  alone,  and  precautions 
have  been  taken  to  prevent  injury  by  recoil  or  reaction. 
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"The  machine  is  continually  operated  not  only  in 
testing  large  members  of  structures,  but  also  small  band 
specimens  where  the  greatest  accuracy  is  desired  ;  and  it 
is  necessary  to  use  it  in  such  a  manner  as  will  in  no  degree 
impair  this  latter  qualitjj, 

"  The  machine  has  frequently  broken  bars  to  nearly  its 
full  capacity  ;  but,  in  view  of  the  constant  demands  made 
for  accurate  work  in  testing  cannon  metal,  and  in  making 
tests  for  industrial  purposes,  it  is  not  thought  advisable 
to  run  any  risks  of  injury  or  delay  by  breaking  bars  of 
great  length  and  large  cross-section  combined.  The  test- 
ing of  such  bars  is  carried  far  enough  to  give,  probably, 
all  useful  information  required. 

"Government  work  on  the  machine  occupies  a  great 
deal  of  the  time  ;  but  considerable  work  for  private  parties 
is  done." 

From  all  of  which  it  would  appear  that  the  magnificent 
pieceof  mechanism  from  which  we  had  hoped  to  derive  such 
valuable  information,  which  was  so  admirably  described 
by  the  late  A.  L.  HoUey,  M.  Am.  Soc.  C.  E.,  in  a  paper 
pead  before  the  Institute  of  Mining  Engineers,  Vol.  VII., 
1879.  and  fo""  which  not  a  few  of  our  Members  devoted 
valuable  time  and  "  influence  "  at  Washington  in  quest  of 
an  "appropriation,"  is,  in  all  probability,  destined  to 
occupy  an  honorary  position  in  engineering  science,  and 
will  be  quite  beyond  the  reach  of  engineers  in  the  active 
practice  of  their  profession. 

Perhaps  this  is  a  consummation  for  whicli  we  should  be 
devoutly  thankful.  It  is  un-.American.  to  say  the  least,  to 
approach  the  General  Government  for  assistance,  except 
in  such  cases  as  may  be  fairly  considered  beyond  the 
reach  of  individual  enterprise.  It  was  thought  at  the 
time  of  the  agitation  for  a  Government  testing  machine, 
that  the  great  expense  of  its  construction  was  a  sufficient 
reason  why  it  could  not  be  undertaken  by  private  means, 
and  this  was  true  so  long  as  the  question  was  complicated 
by  a  desire  to  secure  an  instrument  which  was  alike 
suited  for  laboratory  experiments  and  the  testing  of 
large  sections.  It  was  a  mistake,  however,  to  attempt  the 
construction  of  such  a  machine.  The  two  lines  of  investi- 
gation are  separate  and  distinct,  requiring  mechanical 
appliances  differing  as  radically  as  do  the  amounts  of  ap- 
plied strain ;  hence  it  would  have  been  far  better,  and 
cheaper  in  the  end,  to  have  have  built  two  machines,  one 
of  which  should  be  adapted  to  delicate  work  upon  small 
specimens,  and  the  other  of  sufficient  power  to  develop  the 
strength  of  full-sized  members  without  attempting  to  secure 
minute  accuracy  in  the  measurement  of  ultimate  strains. 

In  this  connection,  engineers  are  more  particularlv  in- 
terested in  the  working  properties  of  structural  material 
in  its  completed  form  ;  and  a  machine  which  will  develop 
these  properties  expeditiously,  and  at  moderate  cost, 
commends  itself,  without  inviting  invidious  comparison 
with  others  having  different  objects  in  view. 


The  new  railroad  mileage  built  last  year,  accordmg  to 
statements  recently  published,  reached  8.100  miles,  a  total 
which  has  been  heretofore  exceeded  only  twice.  The 
greater  part  of  last  year  s  new  mileage  was  west  of  the 
Mississippi  river,  both  the  Northwest  and  the  Southwest 
coming  in  for  a  share.  The  building  of  parallel  lines, 
which  has,  for  the  present,  practically  ceased  in  the  East- 
ern states,  is  now  very  active  in  the  West.  Much  of  this 
is  due  to  the  rivalry  of  the  great  Chicago  and  St.  Louis 
companies,  and  their  fear  of  losing  business  should  a  com- 
peting line  be  the  first  to  take  the  business  of  a  new 
district. 
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Resistance  of  Trains  on  Railways.* 

BV  —   DESDOUITS. 

{AnnaUs  ,/es  Mines,  8»  Serie,  Vol.  viii..  1885,  p,  481. 1 

In  this  article  the  author  gives  the  results  of  a  long 
series  of  experimental  investigations  of  the  resistance  of 
locomotives  and  trains  on  railways. 

The  resistances  due  to  the  rolling  of  the  wheel-flanges 
and  the  sliding  of  the  axles  on  the  bearings  are  taken 
together  as  the  resistance  to  rolling,  the  one  and  the  other 
element  being  taken  as  proportional  to  the  load,  and  the 
joint  resistance  being  taken  at  so  much  per  ton.  But  the 
resistance  of  the  atmosphere  varies  in  wide  proportions,  not 
with  the  load,  but  with  the  forms  and  the  grouping  of  the 
vehicles.  Besides,  the  element  of  atmospheric  resistance 
considerably  preponderates  in  the  composition  of  the  total 
resistance,  for  high-speed  trains  at  least. 

From  a  geometrical  point  of  view,  trains  ot  all  kinds 
belong  to  one  of  two  classes— passenger  trains  and  goods 
trains.  The  first  are  regularly  and  compactly  formed,  the 
second  are  irregular  and  more  widely  connected.  The 
elementary  train,  as  it  is  called — engine,  tender,  and 
brake-van — is  the  first  submitted  to  experimental  investi- 
gation. For  resistance  at  very  low  speeds,  when  atmos- 
pheric resistance  is  a  minimum  and  may  be  neglected  ; 
and  afterward  at  high  speeds  when  the  law  of  atmos- 
pheric resistance  may  be  determined.  For  each  experi- 
ment the  engine  is  in  steam,  and  the  regulator  is  slightly 
opened,  so  as  to  obtain  a  conveniently  low  initial  speed  of 
from  3;V  miles  to  5  miles  per  hour  (6  to  8  kilometers)  ; 
then  the  steam  is  shut  off.  and  the  stopping  of  the  engine, 
by  its  own  proper  resistance,  is  observed.  The  four  series 
of  engines  in  regular  service  have  been  submitted  to  ex- 
periment, of  which  the  leading  features  are  here  tabu- 
lated : 

Wheels.    Cylinder.  . — Weight. — , 


Desigaation                                          Q           Q  ui  U  H         H 

of  Locomotive.  Axles.  Ft.  Ins.     Ins.  Ins.        .-—Tons. 

I.  High  speed..  3  axles,  i  coupled    6    ^\i      17.3  25-6  36        16        52 

a.  Mixed  speed.  3      "      coupled       4  '  i  >^  -j  Js!?  f  ^^■^'  3^         i*         48 

3.  Goods  speed.  3      "            "            44         i7-7  =5-6  36        16        52 

4.  Goods  speed.  4      "            "            42         2i-1  ^^-o  54         "6        70 

The  cylinders  of  all  these  engines  are  outside.  The 
high-speed  engines  have  the  Stephenson  link-motion,  with 
valves  of  two  kinds — ordinary  slide  and  cylindrical. 

The  mixed  engines  have  ordinary  slides.  The  three- 
axle  goods  engines  have  the  same,  and  the  four-axle 
engines  have  cylindrical  valves. 

A  dynamometer  of  special  construction,  with  pendulum 
movement,  was  fixed  on  the  platform  of  the  tender.  The 
regulator  was  gently  opened,  so  as  to  give  a  speed  of 
about  6  miles  per  hour;  then  suddenly  closed,  when  the 
engine  was  left  to  come  to  a  state  of  rest,  without  the  use 
of  the  brake  on  the  tender.  A  diagram  of  uniform  resist- 
ance was  described.  The  observation  was  repeated  three 
or  four  times  backward  and  forward  on  the  same  piece  of 
line,  making  a  passage  of  from  iio  yards  to  160  yards. 
According  to  another  system  of  observation,  the  time 
taken  for  each  revolution  of  the  driving-wheels  in  the 
course  of  the  run  was  noted,  and  thence  the  speed  and  the 
retardation  were  calculated 

*  From  Abstracts  of  Papers  in  Foreign  Transactions  and  Periodicals, 
published  by  the  Institution  of  Civil  Engineers. 


It  is  of  essential  importance  that  the  state  of  the  experi- 
mental way  should  be,  if  not  perfect,  at  least  in  average 
condition,  as  for  a  portion  of  the  main  line.  This  condi- 
tion is  often  but  imperfectly  realized  in  stations  and  goods 
yards.  The  locomotive,  also,  should  be  In  at  least  average 
good  order,  working  freely,  stuffing-boxes  not  unduly 
tight,  bearings  free,  lubrication  good,  tender-brake  quite 
clear.  The  engine  should  have  made  a  run  since  being 
lighted  up,  in  order  to  bring  all  the  moving  parts  into  a 
proper  state  of  lubrication,  and  to  their  normal  tempera- 
ture. An  engine  cold,  and  taken  direct  from  a  state  of 
rest,  though  well  oiled,  usually  has  a  surplus  of  resistance 
of  from  30  to  50  per  cent.  Newly  repaired  engines  have 
shown  nearly  double  the  normal  resistance. 

The  state  of  the  atmosphere  affects  the  resistance.  A 
head  wind  of  16  feet  per  second  would  suffice  to  double  the 
resistance  at  a  speed  of  5  miles  per  hour.  The  resistances 
are  deduced  from  velocities  diminishing  from  5  miles  to 
2^^  miles  per  hour. 

From  the  detailed  tables  given  of  the  observed  resist- 
ances of  the  engines  tried,  the  following  summary  of  the 
resistances  in  pounds,  per  ton  of  gross  weight  of  engine 
and  tender,  has  been  prepared  : 

Resistance  per  ton  of  Engine  and  Tender. 

Slide-Valves.  Cylindrical  Valves. 

Designation  of                     Stephenson  Stephenson  Walchaerls 

Engines.                                 Link.  Link.                     Gear. 

lbs.  lbs.                         lbs. 

1.  Highspeed 6.94  —                     5.82 

2.  Mixed 8.06  8.o5 

3.  Goods  (three-axle).  10.53 

4.  Goods  (four-axle)..                       —  o.iS 

It  appears  that  the  engines  fitted  with  cylindrical  valves 
and  the  Walchaerts  gear  have  a  marked  advantage  over 
those  of  the  ordinary  type  of  gear.  Comparing  the  two 
high-speed  engines,  there  is  an  advantage  in  reduction 
of  resistance  with  the  modified  gear  of  1.12  pounds  per 
ton,  or  16  per  cent.  Again,  the  four-axle  goods  engine, 
having  the  modified  gear,  has  1.34  pound  per  ton  less  re- 
sistance than  the  three-axle  goods,  although  the  four-axle 
engine  has  the  smaller  wheel,  and  the  larger  dimensions 
of  cylinders  and  mechanism.  The  mixed  engines  have 
equal  resistances  of  about  8  pounds  per  ton.  In  this  case 
the  transformation  was  only  partial,  and  with  the  intro- 
duction of  the  cylindrical  valves  the  old  Stephenson  gear 
was  retained,  and  it  was  constructed  with  a  return  move- 
ment. The  diameter  of  the  cylinders,  also,  was  aug- 
mented. 

These  causes  of  supplementary  resistance  are  compen- 
sated by  the  modification  of  the  valve-gear. 

The  resistances  above  announced  are  noticeably  less 
than  those  which  are  generally  assigned  to  like  engines, 
according  to  earlier  experiments.  The  difference  prob- 
ably arises,  for  the  most  part,  from  the  higher  speeds  at 
which  these  were  made. 

RESISTANCE  OF   THE   MACHINERY   OF    LOCOMOTIVES. 

Experiments  were  made  with  a  high-speed  engine,  a 
mixed  engine  and  a  four-axle  engine.  For  each  ex- 
periment an  auxiliary  engine  in  steam  was  employed 
to  get  up  the  speed  of  the  engine  on  trial— from  4  to  5 
miles  per  hour— afterward  putting  on  its  brake.  The 
retarded  movement  of  the  engine  was  then  noted.  The 
reverse  movement  was  given  by  a  second  auxiliary  engine. 
Each  engine  in  working  order  was  also  tried  in  steam. 
The  results  are  here  tabulated  as  follows  : 
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MACHINERY — RESISTANCE. 

Resistance  Total 
per  ton.       Resistance. 
DesiRnalion  and  Condition.                         Pounds.         Pounds. 
I.    High-speed  engine,  with  flat  slide-valves, 
entirely  mounted,  in  steam  (weight,  includ- 
ing tender,  52  tons) 7.17  37.1 

The  same  engine,  connecting-rods,  valve-gear 
and  coupling-rods  dismounted 5.26  374 

Say.  for  all  the  movable  pieces 1.91  9g 

1.  Mixed  engine,  with  flat  slide-valves,  entire- 
ly mounted,  in  steam  (weight,  including  ten- 
der, 48  tons)     8.06  387 

The  same  engine,  connecting-rods  and  valve- 
gear  dismounted 5-04  242 

Say,  for  the  mechanism 3.02  145 

The  same  engine,  with  the  connecting-rods, 

coupling-rods  and  valve-gear  dismounted...  4.93  236 

3.    Goods    engine,    four-a.xles    coupled,   with 

cylindrical     valves,     entirely     mounted,    in 

steam  (weight,  including  tender,  70  tons)..    .  8.96  627 

Same  engine,  connecting-rods  and  valve-gear 

dismounted 6.94  486 

Say.  for  the  mechanism 2.02  141 

Same  engine,  connecting-rods,  coupling-rods, 
and  valve-gear  dismounted 6.94  486 

These  results  show  that  the  mechanism  absorbs  from 
27  to  22  per  cent,  of  the  whole  resistance  of  the  engine. 
For  the  mixed  engine  and  the  four-axle  engine  the  resist- 
ances are  nearly  the  same.  The  influence  of  the  coupling 
rods  is  scarcely  appreciable. 

RESISTANCE   OF   THE   TENDER   ALONE. 

The  results  of  trials  made  with  tenders  separated  from 
the  engines  give  from  5.60  to  6.27  pounds  per  ton  for  re- 
sistance, ranging  about  the  same  as  that  of  the  engines  or 
carriages. 

RESISTANCE  OF   PASSENGER   CARRIAGES    AND    VANS. 

From  the  results  of  trials  with  trains  of  seven  and  eight 
vehicles  lubricated  with  colza  oil  and  with  mineral  oil, 
the  resistance  was  at  the  rate  of  3.47  pounds  and  3.58 
pounds.  The  wheels  were  3  feet  5  inches  in  diameter, 
with  journals  1%  inches  by  7  inches,  and  loaded  to  4  and 
5  tons,  respectively,  per  axle.  The  temperature  during 
the  trials  was  59°  Fahrenheit. 

RESISTANCE   OF   GOODS   WAGONS. 

A  train  of  thirty  wagons,  weighing  in  gross  300  tons, 
was  tried.  It  was  lubricated  with  colza  oil,  having  wheels 
and  journals  like  those  of  the  carriages.  The  resistance 
of  the  engine,  tender  and  train — the  engine  and  tender 
weighing  70  tons — was  at  the  rate  of  4.93  pounds  per  ton, 
or  for  the  train,  separately.  4.10  pounds  per  ton. 

It  is  concluded  generally  for  all  sorts  of  vehicles  under 
conditions  of  lubrication  like  the  vehicles  tested,  that  a 
resistance  without  speed  of  from  3.36  to  4.03  pounds  (1.50 
to  1.80  kilograms  per  tonnej  per  ton  may  be  accepted  with 
an  extreme  limit  of  4^^  pounds  per  ton.  Greater  resist- 
ances than  these  arise  from  defective  lubrication  or  at- 
mospheric resistance. 

RESISTANCES     AT     HIGH     SPEEDS:      ATMOSPHERIC     RE- 
SISTANCE. 

Experiments  were  made  on  the  resistance  of  the  air  to 
flat  boards  suspended  laterally  from  a  train,  movable  on 
axles  and  counterweighted.  The  train  was  run  at  increas- 
ing velocities,  and  the  instant  was  noted  when  the  resist- 
ance of  the  air,  preponderating,  caused  the  lifting  of  the 


weights  and  reversal  of  the  board.  It  was  deduced  from 
experimental  results  that  Ci)  the  resistance  on  a  surface  i 
decimeter  square  (3.94  inches  square),  in  absolutely  calm 
weather,  at  a  speed  of  44 >^  miles  per  hour,  amounted  to 
0.52  kilogram,  or  1.14  pound,  being  at  the  rate  of  106 
pounds  per  square  foot. 

For  other  velocities  the  variation  of  resistance  is  sensibly 
as  the  square  of  the  speed  ;  and  within  practical  limits, 
the  extent  of  the  surface  does  not  sensibly  affect  the  co- 
efficient of  resistance. 

The  resistance  to  pressure  may  be  reduced  one-half  by 
the  adoption  of  angular  prows.  A  locomotive  was  fitted 
with  angular  prows  on  the  smoke-box.  bufTer-beam,  foot- 
plate fence  and  other  parts.  The  back  of  the  tender  was 
fitted  with  an  angular  tail-piece,  and  the  wheel  spokes 
were  covered  in  with  sheet-iron.  The  resistance,  at  a 
speed  of  43;^  miles  per  hour,  was  by  means  of  these  fit- 
tings reduced  9  pounds  per  ton.  This  engine,  thus  fitted, 
was  kept  on  regular  duty  for  a  period  of  six  months  work- 
ing omnibus  trains.  The  results,  compared  with  the  aver- 
age results  from  four  engines  of  the  same  class  in  ordinary 
condition,  were  as  follows  : 

Average     Consumption 

Tonnage.        Per  Mile. 

Tons.  Pounds. 


showing  an  economy  of  about  14  per  cent,  in  favor  of  the 
modified  engine. 

The  author  proceeds  to  develop  formulas  for  the  resist- 
ances of  engines  and  trains  at  high  speed.  He  recognizes 
the  principle  of  the  variation  of  all  the  resistances  as  a 
whole,  as  the  square  of  the  speed. 

Her  Majesty's  Ship  "Narcissus." 

The  London  Times  gives  the  following  description  of  a 
new  belted  cruiser,  which  was  launched  on  December 
15th,  which  will  be  of  interest  in  this  country  at  the 
present  time,  when  we  are  thinking  a  good  deal  about 
war  ships : 

"The  vessel  is  300  feet  long  on  the  load-line,  has  a 
breadth  of  56  feet  and  a  molded  depth  of  37  feet,  with  a 
draught  of  about  21  feet.  Protection  is  afforded  by  a  belt 
of  steel-faced  armor,  10  inches  in  thickness,  extending  the 
whole  length  of  the  boiler  and  magazine  space,  thus  pro- 
tecting the  most  vital  parts  of  the  ship.  The  Narcissus 
has  been  built  in  ram  form,  her  ram  being  of  steel,  the 
latest  arrangements  being  adopted  for  strengthening  and 
stiffening.  Her  stern-frame  is  also  of  cast-steel,  and,  with 
the  ram,  was  supplied  by  Messrs.  Jessop  &  Son.  of  Shef- 
field, while  the  crutches  for  the  twin  propellers,  also  of 
steel,  are  by  John  Brown  &  Company,  Sheffield.  With 
regard  to  the  armor  belting,  it  may  be  stated  that  it  is 
200  feet  in  length,  extending  from  i  foot  6  inches  above 
the  water-line  to  4  feet  below.  This  belt  of  10  inches  is 
backed  with  6  inches  of  teak,  secured  in  steel  plating  i 
inch  thick.  On  a  level  with  the  top  of  the  belt  there  is  a 
protective  deck,  which  extends  the  whole  length  of  the 
vessel.  In  the  way  of  the  belting  this  deck  is  perfectly 
horizontal,  and  is  formed  of  steel  plating  2  inches  thick. 
Beyond  the  belting,  the  deck  is  declined  downward  to  an 
angle  of  30°,  and  it  is  here  3  inches  in  thickness,  so  that 
fore  and  aft  a  sort  of  turtle-back  is  formed.  All  the  open- 
ings in  this  protective  deck  are  fitted  with  either  armor 
shutters  or  shell-proof  gratings.     By  means  of  the  armor 
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belt  amidships,  and  the  protective  deck-plating  fore  and 
aft,  the  whole  of  the  vessel  under  this  deck  is  rendered 
invulnerable  to  shot  and  shell,  and  forms  an  unsinkable 
raft,  in  which  are  placed  the  engines,  boilers,  magazines, 
shell-rooms  and  steering  gear.  When  in  action,  the 
movements  of  the  machinery,  the  steering  of  the  ship 
and  the  firing  of  the  guns  are  under  complete  control 
from  the  conning  tower  or  pilot  house,  a  massive  structure 
at  the  fore  end  of  the  vessel.  The  look-out  men  in  this 
tower  are  protected  by  12-inch  steel-faced  armor,  and  all 
the  communications  to  the  engine-rooms,  magazines, 
steering  wheels,  etc.,  pass  through  a  tube  of  steel,  8  inches 
thick.  It  will  thus  be  seen  that  everything  possible  is 
done  for  the  protection  of  the  crew,  and  to  insure  the  safe 
working  of  the  ship  when  in  action.  The  hull  of  the 
vessel  is  of  Siemens-Martin  steel,  and,  altogether,  there 
are  over  100  water-tight  compartments.  As  a  still  further 
protection  to  the  ship,  she  is  built  on  the  double-bottom 
cellular  principle,  and  has  provision  for  water  ballast,  fore 
and  aft,  for  trimming  the  vessel.  The  vessel  has  steam 
steering-gear,  and  the  whole  of  her  machinery  is  placed 
under  the  protective  deck,  and  steam  connections  will  be 
made  to  the  conning  tower  forward  and  the  lower  deck 
forward,  while  hand  steering-gear  will  be  placed  on  the 
protective  deck  aft.  The  berthing  of  the  crew,  about  420 
all  told,  will  be  similar  to  that  which  is  common  on  board 
the  vessels  of  Her  Majesty's  Navy.  The  lines  of  the  ves- 
sel are  specially  designed  for  a  high  rate  of  speed,  about 
19  knots  it  is  expected,  and  altogether  she  presented,  as 
she  went  afloat,  a  very  beautiful  appearance. 

■'  The  armament  of  the  Narcissus  consists  of  one  lo-inch 
breech-loading  gun  in  the  center  of  the  citadel.  This 
powerful  gun  is  mounted  on  Vavasseur's  center-pivot 
automatic  carriage  with  a  central  hoist  for  passing  up  the 
ammunition  by  steam-power  close  to  the  breech,  no 
matter  in  what  direction  the  gun  may  be  trained.  There 
are  also  in  the  citadel  five  guns  on  each  side  of  the  ship, 
each  6  inches,  similarly  mounted  to  the  central  gun. 
Each  of  the  end  guns  is  on  a  sponson,  so  that  it  can  be 
trained,  the  forward  ones  right  forward  and  the  after  ones 
right  aft,  in  a  line  with  the  ship.  When  the  ship  is  in 
action,  the  protective  deck  can  be  cleared  of  all  obstruc- 
tion, the  stanchions,  bulwarks,  bollards  and  everything 
being  so  arranged  that  they  can  be  laid  fiat  on  deck.  On 
the  'tween  decks  there  are  ten  of  the  Hotchkiss  quick- 
firing  guns.  In  the  center  line,  still  on  the  'tween  decks, 
there  are  two  g-pounder  guns,  one  forward  and  the  other 
aft.  The  vessel  will  be  rigged  with  two  jury-masts  with 
tops,  sulliciently  spacious  to  allow  of  the  working  there- 
from of  machine  guns. 

"The  engines,  which  are  also  being  constructed  by 
Earle's  Company,  are  of  the  horizontal,  direct-acting, 
triple-expansion  type,  the  diameter  of  the  cylinders  being : 
high  pressure,  36  inches;  medium,  51  inches;  and  low 
pressure,  78  inches  ;  with  a  length  of  stroke  of  42  inches. 
The  surface  condensers  are  all  of  brass  and  provide  a 
cooling  surface  of  12,000  feet.  The  frames  of  the  engines 
are  of  steel,  and  the  crank-shafting  of  Whilworth's  fluid 
compressed  steel,  a  portion  of  the  shafting  being  hollow. 
The  pistons  and  piston-rods  are  also  of  steel,  and  the  con- 
necting-rods of  wrought-steel.  The  engines  are  fitted 
with  steam  gear  for  starting,  reversing  and  turning.  The 
air-pumps  and  all  connections  are  of  gun-metal.  The  cir- 
culating pumps  are  of  gun-metal,  and  are  driven  by  inde- 
pendent engines  fitted  with  additional  suction  valves  lead- 


ing into  the  bilges,  so  that  they  may  be  used  for  pumping 
water  out  of  the  ship  in  the  event  of  a  leak.  Each  circu- 
lating pump  is  capable  of  discharging  500  tons  of  water 
per  hour.  There  are  also  in  the  ship  two  of  Normandy's 
condensers  capable  of  condensing  1 30  gallons  of  water  per 
hour,  for  the  use  of  the  ship's  crew.  Steam  is  supplied  to 
the  engines  by  two  double-ended  steel  boilers,  each  14  feet 
6  inches  in  diameter  by  17  feet  6  inches  long.  .At  each  end 
there  are  six  of  Fox's  corrugated  furnaces,  and  the  work- 
ing pressure  is  130  pounds  to  the  square  inch.  The  pro- 
pellers are  of  gun-metal  and  are  14  feet  6  inches  in  diam- 
eter." 

New   British   War-Ships. 

Two  new  "  belted  cruisers  "  have  recently  been  built 
and  launched,  one,  the  Undaunted,  by  the  Palmer  Ship- 
building and  Iron  Company,  Jarrow  ;  and  the  other,  the 
Australia,  by  Messrs.  Robert  Napier  &  Sons.  Govan. 

The  Undaunted,  is  described  as  follows  in  the  London 
Times  : 

"  The  principal  characteristics  of  this  type  of  vessel  are, 
briefly,  a  high  attainment  of  speed  with  great  defensive 
power.  They  are  more  like  the  Mersey  class  than  any 
other,  the  chief  difference  consisting  in  a  belt  of  armor 
about  the  water-line  which  is  fitted  in  the  Undaunted 
class,  and  from  which  they  derive  the  name  of  belted 
cruisers.  The  following  is  a  general  description  of  the 
vessel :  Length,  300  feet ;  breadth,  extreme,  56  feet  ; 
depth,  molded,  37  feet ;  normal  draught,  21  feet ;  displace- 
ment, 5,000  tons  ;  indicated  horse-power,  8,500 ;  estimated 
speed,  19  knots.  The  armor  is  compound  or  steel-faced, 
and  consists  of  a  belt  200  feet  in  length,  extending  from  i 
foot  6  inches  above  the  water-line  to  4  feet  below.  This 
belt  is  10  inches  in  thickness,  and  is  backed  with  6  inches 
of  teak,  secured  in  steel  plating  i  inch  in  thickness.  On 
a  level  with  the  top  of  the  belt  there  is  a  protective  deck, 
formed  of  2  inches  of  steel  plating.  Beyond  the  belt  at 
both  ends  the  deck  is  inclined  downward  to  an  angle  of  30°. 
and  is  3  inches  in  thickness.  All  openings  in  this  deck 
are  fitted  with  either  armor  shutters  or  shell-proof  grat- 
ings, and  those  necessarily  open  in  action  are  also  fitted 
with  cofTer-dams.  By  means  of  the  armor  belt  amidships, 
and  the  protective  deck-plating  fore  and  aft,  the  whole  of 
the  vessel  under  this  deck  is  rendered  invulnerable  to 
shot  and  shell,  and  forms  an  unsinkable  raft  in  which  are 
placed  the  engines,  boilers,  magazines,  shell-rooms,  and 
steering  gear.  When  in  action,  the  movements  of  the 
machinery,  the  steering  of  the  ship,  and  the  firing  of  the 
guns  are  under  complete  control  from  the  conning  tower, 
a  massive  structure  at  the  fore  end  of  the  vessel.  The 
look-out  men  in  this  tower  are  protected  by  12  inches  of 
steel-faced  armor,  and  all  the  communications  to  engine 
rooms,  magazines,  steering  wheels,  etc.,  pass  through  a 
tube  of  steel  8  inches  thick.  The  stem,  which  forms  a 
ram,  is  exceptionally  strong  and  is  well  supported  by  the 
framework  of  the  vessel  and  the  protective  deck.  The 
ram.  sternpost  and  propeller  brackets  are  each  of  cast- 
steel,  manufactured  by  Messrs.  Spencer  &  Sons,  of  New- 
burn.  The  hull  is  built  of  Siemens-Martin  steel,  and  is 
divided  into  over  100  watertight  compartments. 

"  The  Austra/ia  is  one  of  five  belted  cruisers  ordered 
in  April,  1SS5.  The  building  of  two,  the  Australia  and 
the  Galatea,  was  intrusted  to  Messrs.  Napier  &  Sons,  two. 
the     Orlando    and     the    Undauntid,    were   ordered    from 
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Palmers  Shipbuilding  and  Iron  Company  (Liniilcd),  Jar- 
row-on-Tync.  and  the  fifth  was  ordered  from  Karlc's 
Shipbuilding  Company,  Hull.  The  Australia,  like  her 
sister  ships,  is  300  feet  long  between  perpendiculars  and 
56  feet  in  extreme  breadth.  The  draught  of  water,  under 
■ordinary  circumstances,  will  be  19  feet,  and,  at  this  draught, 
the  displacement  will  be  5,000  tons.  This  may  be  at  times 
increased  to  6.000  tons,  when  a  full  supply  of  coal  is  ship- 
ped. It  is  expected  that  the  vessel  will  have  a  speed  of 
18  knots  per  hour.  The  engines,  which  are  to  be  fitted  on 
board,  and  have  been  designed  by  Messrs.  Napier,  are  of 
the  triple  expansion  type,  working  twin  screws,  and  will 
indicate  8,500  horse-power,  the  working  pressure  being 
130  pounds.  It  may  be  interesting  to  mention  that  when 
tenders  were  asked  for  vessels  of  this  class,  compound 
engines  of  7,500  horse-power  were  specified,  but  Messrs, 
Napier  proposed,  as  an  alternative  scheme,  to  fit  triple 
expansion  engines  on  board,  and  undertook  to  develop 
8,500  horse-power,  and  that  without  taking  up  any  more 
room  in  the  ship  or  increasing  the  collective  weight  of 
the  machinery  and  coal.  The  Admiralty  accepted  this 
proposal,  and  carried  it  out  in  the  other  ships  of  the  class. 
The  result  will  be  to  increase  the  speed  by  about  a  knot 
per  hour,  while  less  coal  will  be  consumed.  The  boilers 
are  of  the  double-ended  multitubular  type,  and  have  cor- 
rugated flues.  The  armament  will  consist  of  two  very 
long  range  9'+ -inch  Armstrong  guns,  ten  6- inch  guns  of 
the  same  class,  all  mounted  on  central-pivot  Vavasseur 
mountings,  eight  6-pounder  and  eight  3-pounder  quick- 
firing  guns,  also  six  torpedo  impulse  tubes.  The  two 
striking  characterics  of  the  ship  are  her  high  rate  of  speed 
and  length  of  gun,  or  range  of  fire.  These  qualities  would 
generally  enable  her  to  overtake  an  enemy,  or  to  avoid 
one  altogether  if  too  heavy  metal  for  her  ;  or,  using  her 
great  speed,  she  might  keep  the  enemy  within  the  range 
of  her  big  guns,  while  she  herself  was  beyond  the  enemy's 
fire.  Every  safeguard  has  been  adopted  to  shield  her 
from  the  enemy's  fire,  and  to  prevent  her  from  sinking. 
She  is  divided  into  about  130  compartments  or  cells. 
The  engines  and  steering  gear  are  all  under  the  water- 
line,  and  are  protected  from  dc'6r/s, and  from  droppingfire, 
by  a  2-inch  thick  steel  deck  extending  the  whole  length 
of  the  ship.  The  water-line  of  the  ship  is  protected  by 
an  armor  belt  10  inches  thick,  steel-faced  strongly  sup- 
ported by  teak  and  steel  backing,  and  capable  of  resisting 
•a  shot  or  shell  from  lo-inch  guns." 


The  Waste  of  Water  in  Town  Water  Supplies. 

(From    //;,•  Engi,:cfr.-i 

We  have  from  time  to  time  noticed  the  investigations 
of  municipal  engineers  in  connection  with  the  waste  of 
water  and  its  prevention.  When  properly  understood, 
the  sum  of  all  the  information  now  available  assumes  a 
significance  of  which  few  but  those  who  have  made  the 
investigations  have  the  slightest  idea.  A  recent  report 
by  Mr.  Alexander  R.  Binnie,  M.  Inst.,  C.  E.,  waterworks 
engineer  to  the  Bradford  Corporation,  places  the  subject 
in  a  striking  light;  and  it  is  important  that  Mr.  Binnie's 
work  in  Bradtord  should  be  more  widely  known.  Let  us, 
however,  in  the  first  instance,  say  that  this  subject  of  the 
waste  of  water  and  its  advocated  suppression  is  not,  as 
appears  to  be  too  often  ignorantly  supposed,  the  outcome 
■of   any  desire   for  niggard   supply  or  parsimonious  use. 


Precisely  the  opposite  view  has  been  consistently  held  by 
those  who  have  been  most  energetic  and  successful  in  the 
suppression  of  waste.  All  that  is  demanded  is  that  so  far 
as  possible  the  water  shall  be  led  without  waste  lo  the 
consumer's  fittings,  where  he  may  draw  to  his  heart's 
content 

Thus,  Mr.  Binnie.  in  his  recommendations  to  the  Cor- 
poration of  Bradford,  pointed  out  last  year  that  "  by  the 
prevention  of  waste  is  not  to  be  understood  that  it  is 
either  contemplated  or  desired  to  deprive  our  customers 
of  one  drop  of  water  which  they  can  reasonably  or  even 
lavishly  require  for  any  useful  purpose.  Briefly,  it  may 
be  summed  up  as  an  attempt  to  stop  that  continual  flow 
of  water  which  is  always  going  on  in  large  towns,  and 
which,  in  a  great  measure  passes  through  the  pipes  not 
only  without  doing  good  to  any  one,  but  in  many  instances 
in  a  manner  quite  unknown  and  unthought  of  by  the  great 
bulk  of  the  consumers."  And  again,  in  1882,  Mr.  Deacon, 
who  had  been  so  signally  successful  in  suppressing  the 
waste  in  Liverpool,  and  introducing  constant  supply  with 
great  financial  benefit  to  the  Corporation,  said  at  the  So- 
ciety of  Arts:  "The  prevention  of  the  waste  of  water  is 
not,  in  any  sense,  a  restriction  of  the  use  or  misuse  of 
water  by  the  consumer,  but  may  even  conduce  to  the 
greater  use  or  misuse  by  rendering  the  water  more  readily 
available,  under  high  pressure,  and  at  all  times.  Not  that 
misuse  is  a  good  thing,  but  that  absolute  absence  of  re- 
striction is,  I  think,  a  good  thing.  It  would  be  better  to 
j  allow  a  gallon  to  be  misused  than,  even  if  there  were  the 
power — which  there  is  not— to  prevent  it.  to  restrict  the 
proper  employment  of  a  pint." 

It  is,  in  short,  no  part  of  the  water  authorities'  business 
to  inquire  how  the  consumer  uses  the  water,  subject,  of 
course,  to  his  not  employing  it  for  trade  purposes.  It  is 
the  authorities'  duty  to  lay  the  water  on,  and  to  maintain 
a  high  and  constant  pressure;  and  it  has  been  shown  be- 
yond all  question  that  this  can  be  done  with  profit  to  the 
authorities,  and  without  any  interference  with  the  con- 
sumer, even  to  the  extent  of  entering  his  premises,  unless 
unnecessary  waste,  previously  ascertained  by  external 
means,  is  actually  taking  place  within  those  premises. 

"  It  is,"  says  Mr.  Binnie,  "eleven  years  since  I  began  to 
urge  the  necessity  of  some  effective  steps  being  taken  to 
prevent  the  waste  which  I  at  that  time  proved  to  be  going 
on.  "  But  it  was  not  until  August,  1885,  that  the  Corpo- 
ration of  Bradford  determined,  upon  his  recommendation, 
to  institute  a  proper  and  efficient  system  for  the  preven- 
tion of  waste  of  water.  In  his  report  of  October  ist,  1886, 
giving  the  results  of  his  first  thirteen  months'  work,  Mr. 
Binnie  writes  concerning  the  prevention  of  waste:  "The 
system  which  you  determined  to  adopt  to  effect  this  latter 
object  was  arrived  at  after  an  inquir,  as  to  what  had  been 
done  in  other  towns,  and  an  experimental  trial  extending 
from  October,  1884,  to  July,  1885,  the  result  of  which  was 
fully  described  in  my  report  to  you  dated  the  14th  of  Au- 
gust of  last  year.  The  system  on  which  you  determined 
to  work  may  be  briefly  described  as  cutting  the  town  up 
'  into  a  series  of  small  districts,  the  water  supply  of  each 
!  of  which  is  made  to  pass  through  one  of  Deacon's  self- 
I  recording  meters,  which  registers  on  a  diagram  from  min- 
ute to  minute,  and  from  hour  to  hour,  the  water  passing 
through  it."  The  meter  in  question  and  Mr.  Deacon's 
method  have  been  frequently  described,  and  it  is  only  nec- 
essary here  to  point  out  that  the  most  important  features 
of  the  instrument  are  the  two  following,     (i)     That  inas- 
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much  as  the  water  way   increases  as  the  flow  incrcasL-s. 
there  can  be  no  appreciable  loss  of  head,  so  that  the  in- 
strument may  be  placed  in    the   line  of  any  water-main 
without  in  any  degree— capable  of  determination  by  ordin- 
ary pressure  gauges — restricting  the  flow.     (2)  That  the 
differential  diagram  drawn  by  the  meter  enables  one  to 
distinguish  between  water  wasted    and   water  drawn  for 
use.     The  latter  being  a  steady,  uniform  flow,  produces  a 
steady  line  of  uniform  volume;  and    the   former  being  a 
constantly   varying  flow,   produces  an    irregular   line  of    : 
varying  volume.     Towards    midnight   the  irregular  flow 
rapidly  diminishes,  and  a  steady  line  becomes  visible  ;  not 
yet  a  line  of  uniform  volume,    however,   for   cisterns  are 
still  filling,  and  the  line,  steady  though    it  may  b',  grad-    ! 
ually  curves  towards  an  asymptote  of  uniform  flow.    This    ; 
asymptote  is  obviously,  therefore,  a   true  measure  of  the    j 
waste.     For  all  practical  purposes  it  may  be  regarded  as 
coincident  with  the  line  of  minimum  steady  flow. 

"The  amount  of  waste,"  writes  Mr.  Binnie,  "having 
been  determined,  its  source  is  next  sought  out,  and  de- 
tected by  various  expedients,  such  as  night  inspections, 
shutting  off  portions  of  the  district  to  detect  the  particu- 
lar street,  or  streets,  in  which  the  waste  is  going  on  ;  and 
afterwards,  in  a  similar  manner,  each  house  is  isolated 
until  the  exact  locality  of  the  waste  is  determined.  No 
attempt  is  made  to  limit  or  control  the  free  and  ample 
use  of  water  for  all  purposes,  and  I  am  happy  to  be  able 
to  say  that  the  supply  has  been  mamtained  at  constant 
pressure  durin<;  the  whole  of  the  past  year."  Mr.  Binnie 
next  proceeds  to  explain  the  results  of  his  work  in  two 
districts,  the  first  containing  81,038  persons  and  40.643 
taps.  In  this  district  the  total  supply  of  water  before  in- 
spection was  1,821,200  gallons,  or  22.47  gallons  per  head 
per  day,  which  in  many  towns  would  be  thought  by  no 
means  high. 

After  inspection  and  repair  the  rate  of  supply  was  re- 
duced by  suppression  of  waste  to  14.35,  but  there  still  re- 
mained waste,  which  was  calculated  from  the  diagrams 
to  amount  to  5.55  galls,  per  head  per  day,  from  which  it  ap- 
pears that  the  80,000  people  of  this  first  district  draw  of? 
on  the  average  less  than  9  gallons  per  head  per  day, 
though  the  pressure  is  high  and  constant.  It  is  not  that 
the  supply  is  limited,  or  that  the  employment  of  water  is 
in  any  way  restricted,  but  simply  that  with  present  do- 
mestic habits  the  people  will  not,  or  at  all  events  do  not, 
on  the  average,  take  more.  We  do  not  advocate  the  re- 
duction of  the  water  supply  of  any  town  to  9  gallons  per 
head  per  day,  or  even  to  15  gallons,  which  would  cover 
the  residual  waste  hitherto  checked  in  the  Bradford  dis- 
trict, and  which  probably  represents  the  fringe  of  waste 
that  must  always  remain  when  the  more  palpable  cases 
have  been  suppressed.  It  is  essential  that  the  supply 
should  always  be  much  in  excess  of  the  demand,  as  in- 
deed it  would  be  in  almost  every  place  in  the  kingdom, 
if  the  example  of  the  Bradford  corporation  were  followed 
After  explaining  the  results  obtained  in  other  districts  I 
still  more  recently  placed  under  the  system,  Mr.  Binnie 
proceeds  to  report  the  cost  of  the  work,  concerning 
which  he  says  :  "  Viewing  it  in  the  most  unfavorable 
manner,  and  taking  into  account  all  items  ofexpendi-  ^ 
ture  up  to  date,  including  the  experimental  work  noted 
in  my  last  report,  capital  charges  and  working  expenses,, 
it  amounts  to  ^3,67 5  9s.  id.  By  this  expenditure  a  sav- 
ing of  472,602,000  gallons  has  been  effected  in  one  year, 
the  value  of  which  to  the  corporation  is  /Ji  2,799    '^s.  9d. 


per  annum,  equivalent  to  a  capital  sum  of /;284,436."  Thus, 
according  to  Mr.  Binnie,  the  value  of  water  saved  in  the 
first  year  is  three  and  a  half  times  the  total  capital  ex- 
penditure involved  in  the  purchase  and  fixing  of  all  the 
necessary  apparatus,  including  stopcocks  outside  the 
houses  and  the  working  expenses  combined.  Spreading 
this  capital  sum  over  twelve  years,  Mr.  Binnie  states  that 
the  cost  per  annum  is  £922.  or  about  one-fourteenth  of 
the  annual  value  of  the  water  saved.  We  have  stated 
the  Bradford  results  in  some  detail,  not  because  they 
are  more  remarkable  than  those  obtained  in  other  places, 
but  because  they  constitute  the  latest  contribution  to  our 
store  of  information  concerning  the  enormous  benefits 
which  may  accrue  to  water  authority  and  water  con- 
sumer alike,  by  a  proper  and  unprejudiced  understanding 
of  the  subject  and  by  energetic  and  systematic  action  ; 
and  we  heartily  endorse  Mr.  Binnie's  congratulations  to 
the  Bradford  corporation  on  the  result  of  their  first 
seasons  work,  which,  as  he  says,  far  exceeds  his  best  an- 
ticipations. We  shall  look  with  much  interest  for  the 
completion  of  this  work,  which,  notwithstanding  the 
t;reat  benefit  already  accruing,  appears  to  be  scarcely 
half  finished. 


Petroleum  Steamers. 

On  the  loth  inst.,  an  interesting  paper  was  read  by  Mr. 
B.  G.  Nichol,  on  "The  Use  of  Petroleum,"  before  the 
North-East  Coast  Institution  of  Engineers  and  Ship- 
builders at  Newcastle-upon-Tyne.  Mr.  Nichol  dealt 
chiefly  with  the  composition  of  mineral  oils  and  their 
heating  efliciencies.  and  he  described  three  different  appli- 
ances for  burning  petroleum  as  fuel,  those  of  Brandt, 
Sadler  and  Smith.  This  paper  was  followed  by  a  com- 
munication from  Mr.  J.  Gravell,  surveyor  of  the  Bureau 
Veritas,  describing  the  most  recent  practice  in  the  con- 
struction of  petroleum-carrying  steamers.  In  this  com- 
munication the  writer  said  that,  having  had  the  opportu- 
nity, in  the  capacity  of  surveyor  to  the  Bureau  Veritas, 
of  inspecting  the  riiost  recently  constructed  ship  for  the 
carriage  of  petroleum  in  bulk,  viz.:  s.s.  Glih-kaiif,  during 
her  entire  construction,  and  again  quite  recently  on  the 
completion  of  her  first  voyage,  he  trusted  that  some  de- 
scription of  her  arrangements  and  their  practical  effect 
would  not  be  without  interest.  Mr.  Nichol,  as  an  engi- 
neer, had  pointed  out  the  immense  economic  value  of 
liquid  fuel,  as  compared  with  coal  in  its  calorific  effect, 
its  great  superiority  to  coal  for  steamships  in  the  reduc- 
tion of  labor  in  firing,  in  avoiding  the  necessity  for  clean- 
ing fires  and  tubes,  in  the  absence  of  ashes  and  scar,  and 
in  its  requiring  no  trimming  in  bunkers.  It  also  possesses 
special  advantages  in  the  promptness  with  which  steam 
can  be  got  up,  and  the  facility  with  which  the  production 
of  steam  may  be  increased  in  emergency,  or  instantly 
diminished  almost  at  will ;  in  the  absolute  closeness  of  its 
stowage,  and  its  adaptation  for  conveyance  in  such  parts 
of  the  vessel  as  are.  from  their  shape,  not  available  for 
any  ordinary  description  of  cargo.  To  all  these  advan- 
tages, if  we  add  extreme  facility  and  small  cost  of  ship- 
ment, also  simplicity  of  measurement,  it  would  appear 
that  even  at  a  considerably  enhanced  price,  as  compared 
with  coal,  mineral  oil  should  be  adopted  whenever  it  can 
be  obtained,  as  fuel  for  steamers. 

There  is,  however,  a  prejudice  against  the  use  of  liquid 
fuel,  arising  from  the  idea  that  it  is  not  easy  to  make  com- 
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partments  tight  enough  to  carry  mineral  oil  in  bulk,  some 
shipowners  being  much  affected  by  vague  fears  of  explo- 
sion from  leakages  and  gases  which,  on  account  of  their 
vagueness,  are  very  difficult  to  meet. 

The  influence  of  prejudice  is  clearly  shown  in  the  facts 
brought  out  in  a  very  able,  and  (at  its  date)  exhaustive 
paper  read  by  Mr.  B.  Martell,  on  July  27  last,  at  Liv- 
erpool, before  the  Institution  of  Naval  Architects.  He 
showed  that  many  years  ago  the  idea  of  carrying  min- 
eral oil  in  bulk  was  before  the  public  ;  but  after  all  these 


would  take  from  three  to  four  weeks  to  load  a  cargo  of 
oil  in  casks,  but  with  her  present  arrangements  for  car- 
rying it  in  bulk,  she  can  be  easily  loaded  in  three  days, 
and  even  this  comparatively  short  time  might  be  much 
shortened  if  necessary.  Again,  the  vessel  now  carries  a 
sufficient  quantity  of  oil  to  fill  23.000  barrels,  whereas  a 
vessel  of  exactly  the  same  dimensions,  specially  built  to 
carrj'  petroleum  in  casks,  could  not  show  more  than  I2,- 
120  barrels,  about  52>i  per  cent,  of  the  quantity  carried 
in  bulk. 


Kq.l .    ,       5  5  tlucJauf 


ms>  W 


rcg.n. 


(g 


ciDimiio 


years  the  old   and    dangerous   method  of  carrying   it  in 
casks  has  survived  and  keeps  its  hold  on  the  bulk  of  the    j 
American    trade  at    this    moment,   while   the   efforts   at    j 
emancipation  from  the  cask  monopoly  have  given  rise  in 
succession  to  the  tin-lined  case,  the  small  tank,  the  larger 
tank,  the  double-skinned  ship,  and  at  last  to  the  most    \ 
rational  arrangement  of    all.  the    conveyance  of    the  oil 
directly  against  the  bare  skin  of  the  ship,  without  tanks 
and    without    extraordinary    precautions   of    any    kind. 
The  saving  derived  from  carrj'ing  petroleum   in  bulk  is    ] 
an  accepted  fact.     A  vessel  similar  in  size  to  the  GlUckaiif 


It  is  hardly  requisite  to  discuss  the  prejudice  which 
exists  against  the  carriage  of  oil  in  bulk,  when  compared 
with  its  carriage  in  casks,  on  the  score  of  safety.  Of 
course,  it  is  necessary  to  take  some  precautions.  For  in- 
stance, it  is  important  to  avoid  frothing  the  oil  by  allow- 
ing it  to  fall  from  a  height  into  the  receptacle  provided 
for  it,  and  likewise  to  avoid  the  churning  action  which 
would  be  produced  by  the  movements  of  the  ship  if 
the  compartments  were  only  partially  filled,  both  of  which 
tend  to  produce  gas  and  deteriorate  the  oil.  It  is  nec- 
essary that  the  structure  and  workmanship  of  the  com- 
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parmeius  should  be  of  a  high  class,  so  as  to  prevent 
leakage:  and  if  leakage  should  occur,  that  it  be  confined 
to  parts  of  the  ship  out  of  reach  of  the  boiler  fires.  A 
provision  is  required  to  keep  the  compartments  full,  not- 
withstanding the  contraction  or  expansion  of  the  oil  by 
change  of  temperature  at  sea,  also  for  allowing  the  escape 
of  any  small  quantity  of  gas  which  may  be  generated,  and 
for  the  ventilation  of  empty  spaces  in  the  neighborhood 
of  the  oil  tanks  where  gas  could  possibly  accumulate.  But 
comparing  the  facility  with  which  all  these  matters  can  be 
provided  for  in  a  ship  carrying  oil  in  bulk,  with  the  diffi- 
culty, or  the  impossibility,  of  doing  so  in  a  ship  carrying 
oil  in  casks,  it  seems  quite  clear  that  if  the  present  inno- 
vation was  to  substitute  cask  carriage  for  bulk  carriage 
the  outcry  against  it  would  be  unappeasable.  The  cask 
must  not  be  filled  quite  full  or  it  will  infallibly  leak,  and 
any  leakage  would  necessarily  run  through  the  whole 
cargo  and  bilges.  The  ullage  of  the  cask  thus  inevitably 
makes  some  churning  action.  The  structure  and  work- 
manship of  the  casks  must  be  of  a  high  class  to  hold  oil  at 
all,  and  represents  a  cost  equal  to  from  one- third  to  one- 
fourth  of  the  value  of  the  oil  carried.  It  will  thus  be  seen 
that  every  consideration  of  safety  demands  carriage  in 
bulk. 

The  great  initial  difficulty  in  the  way  of  constructing 
such  vessels,  was  the  objection  made  to  the  single  skin,  on 
the  question  of  classification.  The  Bureau  Veritas  Soci- 
ety, however,  was  satisfied  that  a  vessel  could  be  properly 
constructed  to  carry  oil  out  to  the  skin,  and  encouraged 
that  system,  which  now  proves  to  be  a  success. 

The  s.s.  Gliickauf,  is  a  steamer  which  has  been  built 
for  this  special  trade  to  run  between  the  petroleum  ports 
of  America  (or  the  Black  Sea)  and  Germany.  She  is  the 
first  of  two  sister  ships  built  by  Sir  \V.  G.  Armstrong, 
Mitchell  &  Co.  The  hold  is  divided  by  a  middle-line 
longitudinal  bulkhead,  and  further  subdivided  by  thirteen 
transverse  bulkheads  ;  eight  of  these  compartments  are  in- 
tended to  carry  oil.  At  the  fore  end  there  is  a  compart- 
ment for  water-ballast,  and  water-ballast  tanks  are  also 
fitted  under  the  engines  and  boilers^  At  the  fore  part  of 
the  engine  room  there  are  two  bulkheads,  spaced  4  feet 
apart,  intervening  between  the  engines  and  the  cargo. 
This  compartment,  or  well,  is  for  the  purpose  of  receiving 
any  oil  which  might  leak  from  the  cargo  compartments 
or  trunkways.  and  may  be  kept  as  an  empty  space,  having 
provision  by  which  it  may  be  cleared  of  gas  at  any  time 
by  a  steam  jet.  Each  oil  compartment  is  fitted  with  a 
trunkway,  running  up  to  the  upper  deck,  forming  a  self- 
acting  feeder  to  the  main  compartment  as  the  tempera- 
ture diminishes,  and  allowing  the  liquid  to  expand  if  its 
temperature  should  increase. 

The  Cliickaiif  arrived  on  August  22,  at  Geestemunde. 
with  her  first  cargo  of  best  refined  oil  from  New  York. 
The  oil  was  found  to  be  in  excellent  condition  in  all  re- 
spects, and  gave  the  highest  satisfaction.  From  the  re- 
finery at  New  York,  the  oil  was  run  into  the  vessel  at  a 
temperature  of  87'  Fahr.  On  her  arrival  at  the  port  of 
discharge,  after  sixteen  days'  voyage,  the  temperature  was 
found  to  be  reduced  to  67°  Fahr.  The  contraction  of  the 
oil  due  to  this  reduction  of  temperature  was  0.86  per 
cent. 

Figs.  I.  2  and  3,  give  longitudinal  plan  and  midship 
section  of  s.s.  Gliickauf, 

The  arrangements  of  s.s.  Gliukauf  are  those  patented 
by  Mr.  Henry  F.  Swan.     Mr.  Swan  has  also   taken  out  a 


patent  (or  another  description  of  vessel,  specially  in- 
tended to  carry  a  large  amount  of  water-ballast,  without 
its  being  necessary  to  utilize  for  this  purpose  any  of  the 
compartments  intended  for  containing  oil.  If  this  were 
done  by  making  the  inner  bottom  flat,  in  the  ordinary 
way,  to  contain  a  sufficient  amount  of  water  (say  one-third 
of  the  vessels  cargo  capacity^,  the  result  would  be,  that 
the  center  of  gravity  would  be  so  low,  that  the  vessel, 
when  in  ballast,  would  be  a  very  bad  sea-boat,  and  when 
laden  with  oil,  the  center  of  gravity,  on  the  other  hand, 
would  be  too  high.  To  meet  these  points,  Mr.  Swan 
makes  the  inner  bottom  in  an  inclined  form,  as  per  section 
Fig.  4  or  Fig.  5.  Either  form  gives  all  the  advantages  of 
an  ordinary  double-bottom,  but  in  many  respects  the  form 
Fig.  4  is  preferable,  and  it  will  be  observed  that  unusual 
facility  is  given  for  repairs  and  examination,  as  a  man  can 
freely  walk  about  in  an  upright  position,  instead  of  having 
to  crawl  through  very  irregular  spaces  as  in  the  ordi- 
nary double-bottom,  and  which,  if  gas  had  accumulated, 
might  become  positively  dangerous.  (Figs.  6  and  7  give 
longitudinal  section  and  plan  of  these  vessels.) 

In  case  the  inner  bottom  has  been  utilized  for  carrying 
crude  petroleum,  or  if,  from  any  other  cauSe,  gas  has  ac- 
cumulated, it  can  be  entirely  got  rid  of  by  simply  pump- 
ing up  the  inner  bottom,  and  continuing  the  pumping  up 
the  trunkways.  which  are  opened  to  the  upper  deck,  and 
which  form  a  means  of  access  to  the  interior  of  the  vessel 
at  all  times. 

The  author  may  be  allowed  to  say,  that  though  it  must 
{  be  admitted  it  was  a  somewhat  bold  undertaking  upon 
the  part  of  the  owners  of  the  Gliickauf  to  order  this  first 
'•  vessel,  yet  the  merit  of  her  success  rightly  belongs  to  the 
eminent  firm  of  shipbuilders  in  whose  yard  she  was  con- 
structed. 

The  sister  ship  now  building  by  Messrs.  Armstrong, 
Mitchell  &  Co.,  is  constructed  on  the  same  principle  as 
the  first.  There  is  no  cement  in  the  bottom  of  these  ves- 
sels in  the  way  of  oil,  the  oil  filling  the  floor  spaces. 

Messrs.  R.  and  W.  Hawthorn,  Leslie  &  Co.,  have  now 
in  course  of  construction  two  vessels  for  this  particular 
trade,  one  of  which  is  being  built  under  the  Bureau  Ver- 
itas' special  survey  (Figs.  8,  9,  10  and  ii)- 

These  vessels  are  constructed  with  a  double  bottom,  so 
that  all  the  oil-tight  work  being  done  on  straight  and 
almost  plain  surfaces,  in  case  of  injury  to  the  ship's  bot- 
tom, the  necessary  repairs  can  be  as  easily  executed  as 
on  an  ordinary  vessel.  Fore  and  aft  bulkheads  are  fitted 
throughout  the  oil  compartments,  and  where  there  is  only 
one  bulkhead,  a  suction  is  fitted  to  either  side  to  correct 
a  list  in  loading  or  discharging. 

In  one  design  (Figs.  10  and  1 1),  in  order  that  two  kinds 
of  oil  may  be  carried,  the  holds  are  divided  amidships  by 
a  four-foot  space,  which  also  serves  to  carry  up  the  trunks 
for  access  to  the  double  bottom. 

In  the  double  bottom,  transversely,  there  is  a  slight  rise 
to  cause  a  run  to  the  suction,  and  to  facilitate  the  clearing 
out  of  air  and  gas  when  the  ballast  is  being  run  up,  as  the 
air-pipes  are  at  the  side  on  the  highest  p^rt. 

The  expansion  trunks  are  built  on  the  deck.  Perfo- 
rated plates  are  fitted  to  prevent  the  oil  moving  in  a  body, 
i  and  at  the  same  time  to  allow  it  to  expand  into  the 
hatch.  Small  air-pipes  are  fitted  to  the  hatch  covers; 
these  may  be  closed  when  desired  so  as  to  give  some  con- 
trol over  the  escaping  gases. 

The  pumps  on  both   these  vessels  are  placed  right  for- 
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ward  and  cm  the  tank-lop,  as  it  has  been  found  difficult 
to  lift  |jctrolciim  any  great  height  in  hot  weather,  owing 
to  the  low  tension  of  its  vapor. 

Fig.  12  shows  the  midship  section  of  the  slii[)  Aiidio- 
nit-da.  This  vessel  was  lately  fitted  with  tanks  in  order 
to  carry  petroleum  in  bulk.  She  has  made  one  or  two 
voyages  successfully,  and  delivered  her  cargo  in  good  con- 
dition. This  system  does  not  (to  the  author's  mind)  com- 
pare favorably  with  that  of  carrying  the  oil  out  to  the 
skin  of  the  ship. 

The  author,  in  Fig.  13,  submits  to  this  Institution  a  plan 
of  dealing  with  old  vessels,  to  adapt  them  for  the  carriage 
of  this  liquid,  which,  he  considers,  will  overcome  some 
of  the  difiiculties  met  with.  The  form  of  the  ballast 
tank-top,  he  believes,  is  similar  to  the  principle  adopted 
by  Mr.  H.  F.  Swan.  The  sides  of  the  oil  compartment 
are  made  to  form  an  inner  skin  to  the  ship,  allowing  a 
space  between  them  and  the  skin  to  admit  of  easy  access 
to  all  parts  of  tank  for  the  erection  or  any  necessary 
repairs.  By  adopting  this  plan,  he  thinks  there  will  be  a 
considerable  saving  in  the  first  cost  as  compared  with 
fitting  tanks,  and  it  will  certainly  make  a  far  superior  job 
as  the  carrying  of  the  oil  would  entirely  depend  on  new 
work,  and  further,  the  strength  of  the  ship  would  be  con- 
siderably increased. 

Messrs.  Boolds,  Sharer  &  Co..  of  Sunderland,  have  re- 
cently built  two  small  steamers  for  Russia  (Figs.  14  and 
15),  fitted  for  the  conveyance  of  oil  in  the  bunkers  as  fuel 
for  the  ship's  own  use.  The  bunkers  were  fitted  in  part  of 
the  main  hold,  and  also  in  the  engine  and  boiler  space  ; 
thebunker  compartments  extended  to  the  skin  of  the  ship, 
and  were  fitted  on  deck  with  manhole  doors  instead  of 
hatches. 

There  can  be  no  doubt  that,  for  marine  propulsion,  and 
especially  for  ships  of  war,  petroleum  or  mineral  oil  as 
fuel  will  be  extensively  used  when  more  experience  dem- 
monstrates  its  advantages  as  compared  with  coal,  and  the 
author  looks  to  see  tank-hulks  established  at  coaling 
stations,  and  its  use  restricted  only  by  the  limited  supply. 

It  may  be  interesting  to  the  members  to  give  an  idea 
of  the  arrangements  at  Geestemiinde  for  discharging  and 
storing  the  oil.  This  is  shown  on  Fig.  16.  A  flexible 
pipe  is  jointed  to  the  ship's  side  and  reaches  to  a  pump 
driven  by  a  gas  engine  on  shore.  The  engine-house  is 
marked  A.  The  pump  delivers  into  the  circular  tanks 
marked  Nos.  i,  2  and  3.  The  combined  capacity  of  these 
tanks  is  4,900.  The  house  marked  G  is  the  weighing- 
house,  where  railway  tank-trucks  are  both  filled  and 
weighed.  The  railway  trucks  are  like  our  ordinary  tank- 
trucks,  and  hold  about  12  tons  of  oil.  The  oil  is  sent  in 
these  trucks  to  the  interior,  or  to  any  point  in  the  railway 
system  of  the  continent,  and  is  then  unloaded  into  tank- 
carts,  holding  each  about  a  ton.  from  whence  it  is  retailed 
into  the  tanks  of  storekeepers  or  private  customers.  It 
is  not  intended  that  the  oil  carried  in  bulk  should  be 
casked  at  all,  although,  of  course,  for  special  cases  this 
may  easily  be  done. 


The  Silber  Car-Lamp. 

The  following  description  of  this  lamp,  taken  from  a 
London  paper,  would  indicate  that,  if  its  merits  are  not 
overstated,  it  would  be  worthy  of  consideration  by  some 
of  our  American  manufacturers  and  railroad  managers  : 

The  new  roof  lamp  was  shown  in  a  model  of  a  railway 


carriage,  from  which  all  other  light  was  excluded  :  and 
the  smallest  type  could  be  easily  read  in  any  part  of  the 
compartment  by  the  light  of  one  central  lamp  only.  The 
Hame  is  placed  laterally  beneath  a  reflector  of  iron,  en- 
ameled white,  and  the  glass  under  the  flame  is  smaller 
than  in  many  of  the  ora-fashioned  lamps,  by  which  it  is 
scarcely  possible  to  read  at  all.  Several  hundreds  of  the 
new  lamps  are  already  in  use  on  the  Great  Eastern  and 
Great  Northern  railways,  and  both  companies  have  given 
further  orders  for  them  ;  it  having  been  found  that  their 
light  is  neither  diminished  nor  rendered  unsteady  by  even 
the  most  rapid  traveling,  that  there  is  no  overflow  of  oil 
into  the  glass,  and  that  a  lamp  will  burn  for  eighteen 
hours  without  attention.  Taking  the  experience  with 
the  new  lamps  of  the  Great  Northern  Railway,  as  com- 
pared with  the  lamp  used  by  the  London  &  Northwestern, 
the  performance  of  which  was  tested  at  the  Society  of 
Arts,  it  is  found  that  the  Silber  lamp  gives  about  four 
times  the  light  at  four-sevenths  of  the  cost  :  and  the 
quality  of  the  light  is  shown  by  the  fact  that  it  will 
quickly  produce  photographic  prints  upon  ordinary  sensi- 
tive paper  without  the  intervention  of  a  lens.  It,  there- 
fore, contains  a  large  proportion  of  chemical  rays,  which 
testify  to  the  completeness  of  the  combustion  by  which  it 
is  afforded.  The  last  improvement  introduced  by  the 
inventor  is  to  render  the  lamp  capable  of  burning  any  oil, 
whether  vegetable  or  mineral,  light  or  heavy,  without 
alteration  in  its  arrangements. 

The  lamp  is  the  invention  of  Mr.  Silber.  of  Silber  4 
Fleming,  Wood  street,  E.  C,  London. 

On  the  of  Heat  Combustion  of  Coal.* 

BV    SCHEUREk    KESTNER    AND    MEUNIEK    DOLLFU.S. 
[AnnalesJe  Chimie  et  de  Pkysique,  Vol.  viii,  p.  267,  1886.] 

About  the  year  1870.  the  authors  made  experiments  on 
the  heat  of  combustion  of  coal,  and  drew  attention  to  the 
circumstance  that  this  cannot  be  calculated  even  approxi- 
mately from  its  chemical  composition.  Dulong's  formula, 
which  makes  allowance  for  the  hydrogen,  in  the  form  of 
water,  in  coal,  gives  results  too  low  ;  whilst  if  all  the  hy- 
drogen is  taken  credit  for,  the  results  of  calculation  are 
sometimes  below,  and  at  others  above  those  of  experi- 
ment. In  their  previous  experiments,  the  authors  used 
the  coal  in  the  form  of  powder  ;  in  the  present  case,  in 
small  pieces,  in  which  state  the  coal  burns  more  easily  in 
the  calorimeter.  The  gases  used  (compounds  of  oxygen 
and  nitrogen)  to  burn  the  coal  were  always  carefully 
dried,  and  the  cinders  were  weighed  after  combustion. 
The  present  results  confirm  those  previously  recorded. 

The  coals  experimented  upon  were  of  the  most  various 
character,  the  carbon  ranging  from  90.66  to  76.87  ;  the 
hydrogen  from  5.1  to  1.35,  and  the  oxygen,  nitrogen  and 
sulphur  from  1S.45  to  1.99  per  cent.  The  authors  give  a 
complete  table  of  the  results  of  their  experiments,  and 
compare  them  with  the  heat  of  combustion  according  to 
Dulong's  formula.  The  lowest  result.  8,259  centigrade 
units  (pure  carbon  being  8,080).  was  obtained  from  a  coal 
having  tr.e  largest  proportion  of  carbon.  96.66;  the  lowest 
of  hydrogen  1.35,  and  the  lowest  of  oxygen,  nitrogen  and 
sulphur.  1.99;  whilst  the  highest,  9,623,  from  one  having 
88.4S  01  carbon,  4.41  of  hydrogen,  and  7.1 1  of  oxygen, 
nitrogen  and  sulphur.  Only  9.193  units  were  obtained 
from  a  coal  of  the  composition  89.96  carbon,  5.09  hydro- 
gen, and  4.95  oxygen,  nitrogen  and  sulphur,  which,  from 
its  chemical  analysis,  would  appear  to  be  a  superior  coal 
to  the  previous  one. 
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THE    ORGANIC    DEVELOPMENT   OF   THE   LOCOMOTIVE. 

During  the  period  of  fifty  years  that  has  elapsed  since  Mr. 
Rogers  first  commenced  to  build  locomotives  in  Paterson,  not 
only  has  the  machine  as  a  whole  been  going  through  a  process 
of  evolution,  as  described  in  preceding  chapters,  but  there  has 
also  been  a  development  or  adaptation  of  its  various  parts  or 
organs,  as  they  may  be  called,   to  the  functions  which  they 

Fig.  27. 


This  form  of  fire-box  was  adopted  in  the  fifth  engine  built  at  the 
Rogers  Works,  and  it  was  in  continuous  use  until  1857,  and  is 
shown  in  Figs.   14  to  22. 

A  large  proportion  of  the  early  locomotives  built  in  this 
country  were  built  to  burn  wood.  The  Baltimore  &  Ohio 
Railroad  was,  perhaps,  the  only  pioneer  road  that  commenced 
by  using  coal  for  fuel,  and  even  on  that  line  many  locomotives 
burned  wood.  As  the  weight  of  locomotives  was  increased 
and  coal  was  substituted  for  wood,  larger  fire-boxes  were  re- 
quired, and  this  led  to  the  abandonment  of  the  hemispherical- 
topped  furnace,  which  was  not  well  adapted  to  fire-boxes 
whose  length  was  materially  greater  than  their  width,  and  the 
semi-cylindrical  form  which  was  first  used,  was  substituted  in 
its  place.  In  these,  the  crown-sheets  were  usually  stayed  with 
crown-bars  placed  either  lengthwise  or  crosswise  on  the  top 
of  the  fire-box. 

At  first  the  cylindrical  tops  of  the  furnaces  were  made 
flush  with  the  tops  of  the  barrels  of  the  boilers,  but  this 
form  was  succeeded  by  what  is  known  as  the  "wagon-top" 
form  of  boiler,  which  was  first  used  in  the  Rogers  Works 
in   1850.     The    tops    of    the    furnaces,    in  the  boilers  of  this 

Fig.  28. 


Fig.  29. 


have  to  perform.  A  description  of  the  different  forms  and 
methods  of  construction  of  these  organs,  which  were  adopted 
and  in  use  at  various  times,  will,  therefore,  become  a  sort  of 
comparative  anatomy  of  American  locomotives.  This  may 
conveniently  be  divided  into  three  parts— one  relating  to  the 
boiler,  another  to  the  engines,  and  a  third  to  the  carriage  or 
running-gear.     These  will  be  taken  up  in  succession. 

THE    BOILER. 

The  boiler  of  the  "Sandusky,"  the  first  engine  built  by 
Messrs.  Rogers,  Ketchum  &  Grosvenor,  was  substantially  the 
same  as  that  of  the  Stephenson  engines,  of  what  is  known  as 
the  "Planet"  class,  that  is,  the  top  of  the  furnace  was  semi- 
cylindrical  in  form,  and  flush,  or  nearly  flush,  with  the  top  of 
the  barrel  of  the  boiler.  The  horizontal  section  of  the  fire-box 
below  the  barrel  of  the  boiler  was  square,  or  nearly  so. 

In  1S37,  Mr.  Bury  was  made  locomotive  superintendent  of 
the  London  iV  Birmingham  Railway  in  England,  which  gave 
him  an  opportunity  of  adopting  extensively  on  that  line  a  class 
of  engines,  the  original  of  which  he  introduced  on  the  Liver- 
pool &  Manchester  Railway  in  1S30.  These  were  four-wheeled 
engines  with  inside  cylinders,  not  unlike  Stephenson's  in  their 
general  plan,  but  the  tops  of  the  furnaces  instead  of  being 
semi-cylindrical  were  hemispherical,  and  the  horizontal  section 
of  the  fire-box,  below  the  waist  of  the  boiler,  was  of  a  form 
approximating   to  the   letter   D.   the   flat   part  being   in  front. 


kind,  were  also  semi-cylindrical,  but  they  were  made  con- 
siderably higher  than  the  barrels  of  the  boilers,  as  shown 
in  Figs.  23  to  26.  The  exact  reason  for  first  adopting  this 
form  of  boiler  is  not  known,  but  it  had  the  advantage  of 
giving  more  steam  room,  and  allowed  the  use  of  more  tubes 
and  consequently  more  heating  surface,  than  could  be 
used  in  a  flush-topped  boiler.  The  wagon-top  also  gives 
more  room  for  workmen  on  the  inside  of  the  boiler,  over 
the  crown  sheets,  and  it  thus  facilitates  construction  and 
repairs.  Mr.  Hudson  was  always  a  strong  advocate  of  this 
form,  and  he  gave  especial  attention  to  staying  it,  as  is 
shown  in  Figs.  27,  28  and  29,  in  which  the  stays  and 
braces  are    shown. 

For  burning  anthracite  coal,  it  was  found  that  very  long 
flre-boxes  were  required.  In  i860,  the  form  shown  in  Figs. 
30  and  31  was  built  at  the  Rogers  Works  from  the  design 
of  Mr.  Millholland.  of  the  Philadelphia  &  Reading  Railroad. 
The  top  of  this  furnace  sloped  downward  from  the  barrel 
of  the  boiler,  and  the  crown-sheet  was  stayed  with  screw- 
stays,  excepting  for  a  short  distance  behind  the  tube  plate. 
Water  grates  were  used  in  this  fire-box,  and  are  shown  in 
the  engraving. 

In  1S61.  some  fire-boxes  with  long  combustion-chambers 
and  a  water  bridge,  as  shown  in  Fig.  32,  were  constructed 
for  the   New  Jersey   Railroad  cS:  Transportation  Company. 

In    1S62,   a    fire-box    with    the    water    leg   A,   Figs.   33  and 


Vol.  LXI,  No.  2. 


ENGINEERING    JOURNAL. 


85 


34,  was  made  for  the  Chicago,  Burlington  &  Quincy 
Railroad. 

The  brick  arch.   Figs.   35  and  36,  was  used  in  1865. 

In  iSyt.  some  engines  were  built  for  the  Cumberland 
Valley  Railroad,  with  the  Buchanan  fire-box,  shown  by  Kigs. 
37  and  38. 

The  form  of  the  Belpaire  fire-box,  shown  by  Figs.  3g 
and  40,  was  applied  to  locomotives  for  the  Matanzas 
Railroad  of  Cui  a,  in  1S74. 

The  Belpaire  fire-box  has  been  extensively  used  on  the 
Continent  of  Europe,  and  within  the  past  few  years  has 
been  regarded  with  much  favor  by  some  of  the  leading 
master  mechanics  in  this  country,  and  it  has  been  adopted 
on  a  number  of  railroads  here. 

The  fire-box  represented  by  Figs.  27,  28  and  29  is,  how- 
ever, the  one  which  has  been  most  commonly  used  for 
engines  built  at  the  Rogers  Works.  It  has  stood  the  test 
of  long  experience,  and  is  still  regarded  with  much  favor 
by  engineers  and  master  mechanics. 


tinually  expanded  and  contracted,  which  caused  them  to 
leak.  With  a  steam-gauge,  however,  a  fireman  had  always  a 
guide  before  him  to  indicate  just  what  the  steam  pressure  was, 
and  could  control  his  fire  accordingly,  and,  therefore,  was  not 
obliged  to  open  the  furnace-door  so  often  to  regulate  the 
steam  pressure. 

While  the  frequent  expansion  and  contraction  of  the  tubes 
probably  caused  them  to  leak,  yet  there  can  be  no  doubt  that 
the  methods  of  fastening  them  which  were  at  first  used  were 
much  less  efficient  than  those  which  have  since  been  adopted. 

The  manner  of  fastening  tubes  in  1837  is  shown  in  Figs.  45, 
46  and  47.  The  tube  was  inserted  into  the  hole  in  the  tube- 
plate,  and  a  tapered  mandrel,  shown  by  Fig.  46,  was  driven 
into  the  end  of  the  tube,  so  as  to  expand  it  to  the  full  size  of 
the  hole  in  the  plate.  The  mandrel  was  llattened  on  five  sides; 
as  shown  in  the  end  view,  Fig.  47.  After  each  blow  on  the 
end  of  the  mandrel  it  was  turned  slightly  so  as  to  expand  the 
tube  equally  all  around.  The  end  of  the  tube  was  then  turned 
over,    as   shown  in    Fig.    45,    which  represents  a  longitudinal 


Fig.   32. 


Fig-  33- 


Fig-  34- 


The  form  of  brick  arch  shown  in  Figs.  41  and  42 
was  used  m  1881.  In  this  it  will  be  seen  that  the  fire- 
brick is  supported  on  bent  water  lubes,  which  are  attached 
at  one  end  to  the  crown-sheet,  and  at  the  other  to  the 
front  plate  of  the  fire-box.  Another  form  of  brick  arch 
supported  on  water-tubes,  is  shown  in  Figs.  43  and  44. 
This  was  used  in   18S5. 

TUBES. 

Very  soon  after  coal  was  substituted  for  wood  as  fuel  in 
locomotives,  the  use  of  copper  and  brass  tubes  was  abandoned 
in  this  country,  and  iron  tubes  were  used  instead.  At  first 
there  was  a  great  deal  of  trouble  in  keeping  these  tubes 
from  leaking.  This  was  especially  the  case  before  steam 
gauges  were  generally  used.  Without  these  instruments  it 
was  impossible  to  tell  what  the  steam  pressure  was,  until 
the  safety-valves  commenced  blowing  off.  They  were,  there- 
fore, the  principal  guides  by  which  the  fireman  was  governed, 
that  is,  he  would  "fire"  until  "she  commenced  blowing  off," 
and  then  he  would  open  the  furnace-door  wide  to  cool  the 
fire.  The  result  was  that  the  tubes  were  thus  exposed  to 
alternate  currents  of  cold    and    hot  air,  and    were  thus    con- 


section  of  it.  Probably  some  form  of  caulking  tool  was  used 
for  this  purpose.  A  wrought-iron  thimble,  T,  was  then  driven 
into  the  end  of  the  tube. 

In  1840,  the  form  of  caulking  tool  shown  in  Figs.  48  and  49 
was  adopted.  This  was  inserted  in  the  end  of  the  tube  with 
the  notch  .-/  bearing  against  the  edge,  which  was  then  turned 
over  by  driving  the  tool  against  it  with  a  hammer. 

As  already  stated,  thirty  or  forty  years  ago,  a  great  deal  of 
trouble  was  experienced  on  locomotive  engines  with  leaky 
flues.  It  was  a  constant  source  of  annoyance,  and  every  few- 
days  some  one  had  to  go  into  ihe  furnace  to  hammer  or  caulk 
up  the  ends  of  the  flues  and  thimbles  (the  flues  at  that  time 
were  either  copper  or  brass,  and  the  thimbles  were  of  wrought- 

In  1850,  Mr.  Hudson,  then  master  mechanic  of  the 
Attica  &  Buffalo  Railroad,  conceived  the  idea  that  if  cast-iron 
thimbles  were  substituted  for  wrought-iron  it  would  remedy 
this  standing  difficulty.  Acting  on  this  idea  he  proceeded  to 
verify  it—  first,  by  taking  a  thimble  of  each  kind,  wrought  and 
cast-iron,  turning  them  accurately  to  a  gauge,  then  heating 
them  red  hot,  measuring  them,  and  noting  the  expansion  of 
each  ;   afterward   cooling  them  in  water  and  again  measuring 
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them.  This  process  of  heating,  cooling  and  measuring  was 
repeated  twelve  times,  when  the  wrought  thimble  was  found 
to  be  appreciably  smaller  in  size  than  at  first,  and  the  cast- 
iron  thimble  larger.  It  was  noticed  that  the  former  thimbles 
expanded  more  than  the  latter  when  red  hot ;  this  was 
anticipated. 
To  carry  this  idea  into  practice,   a  locomotive  with    leaky 


Fig-  35- 

flues  was  taken  ;  all  the 
carefully  expanded,  and  1 
on  one  side  of  the  centi 
were  of  wrought-iron,  a 
iron."^  At  the  end  of  the  first  trip,  when  the  boiler  was 
cooling  down,  it  was  found  that  all  tht-  flues  with  wrought- 
iron  thimbles  were  leaking,   whereas,   at  the  same    time,    aU 


Fig.  36. 

imbles  were  taken  oul,  the  flues 
thimbles  put  in.     One-half  or  all 

ine  of  the  Hue-sheet,  vertically 
the    other    half  were  all  of  cast- 


Fig-  37- 


those  opposite  to  them  with  cast-iron  thimbles  were  tight. 
The  wrought-iron  thimbles  were  then  taken  out  and  cast- 
iron  ones  put  in  their  places,  when  all  stopped  leaking,  and 
so  continued,  the  engine  doing  duty  without  any  more  trouble 
from  leaky  flues.  The  attention  of  Thomas  Rogers  was 
called  to  the  fact,  and  he  began  to  use  the  cast-iron  thimbles 
with    a    like    result.     Mr.    Rogers    called    the   attention   of 


Pis-  39- 


Fig.  40. 


John  Brandt,  then  in  ch=rg-  of  the  motive  power  of  the 
Erie  Railway,  to  the  subject  ;  he,  also,  immediately  tried 
ca'-t-iron  thimbles,  and  found  the  result  as  stated  above, 
and  hence  their  use  spread  and  became  almost  universal ; 
few,  except  those  who  had  experience  in  the  matter  at  that 
time,  can  now  realize  how  much  annoyance  and  expense 
were  saved  by  the  change. 


In  i86t,  tubes  were  fastened  as  shown  in  Fig.  50,  that  is, 
a  copper  end  or  thi  nble  was  brazed  to  the  end  of  the  tube, 
and  a  steel  thimble  was  placed  on  the  inside  of  it,  so  as  to 
bring  the  copper  between  it  an  .  tbe  tube-plate.  The  soft 
copper  between  the  steel  thimble  and  the  plate,  it  was  found, 
assisted  materially  in  making  and  keeping  the  tubes  tight. 


Fig.  41 


In  1862,  the  method  shown  in  Fig.  51  was  adopted.  In  this 
the  copper  end  was  dispensed  with,  and  a  copper  thimble  was 
placed  on  the  end,  outside  of  the  tube,  as  shown. 

The  Prosser  expander  was  first  used  at  the  Rogers  Works 
in  1S63.  This  is  shown  by  Figs.  52  and  53.  Fig.  52  is  a 
side  view  with  the  end  of  the  tube  and  plate  shown  iu  sectioa 
at  ^  and  .■/.  The  expander  consists  of  what  may  be  called  a 
plug  composed  of  eight  sector-shaped  pieces,  as  shown  in  the 
end  view,  Fig.  53.  These  are  held  together  by  an  open  steel- 
spring  ring  B.  In  the  center  of  the  sector.'  there  is  a  tapered 
hole  C,  Fig.  53  (shown  by  dotted  lines  in  Fig.  52),  into 
which  a  tapered  plug,  Fig.  54,  is  driven.  The  open  spring- 
ring  permits  the  sectors  to  separate  when  the  tapered  plug  iE 
driven   into  the  opening.     The  sectors  each  have  a  shoulder 


Fig.  43 


or  projection  at  5  5.  These  come  just  inside  the  tube-plate 
when  the  expander  is  inserted  into  the  tube.  By  driving  in 
the  tapered  plug  or  mandrel.  Fig,  54,  the  sectors  are 
forced  apart,   and  expand  the  end  of  the   tube.     At   the  same 


Fig.  45- 


Fig.  46. 


Fig-  47- 


time  the  shoulders  S  S  produce  a  ridge  in  the  tube,  inside  of 
the  plate,  which  helps  to  keep  the  j'  int  tight. 

In  1867,  the  Dudgeon  expander,  shown  by  Figs.  55  to  58. 
was  introduced.  This  may  be  described  as  a  hollow  plug 
which  has  three  rollers.  A"  /*  /v".  Figs.  55  and  56,  which  are 
contained  in  cavities  in  the  plug,  in  which  they  can  revolve, 
and    in   which   they    can  also  move  a  short  distance  radially 
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Fig.  54- 
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Fig.  61. 


Fig.  26. 


Fig.  63. 
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that  is,  from  the  center  of  the  pluf;  outwar  .  When  this 
expander  is  inserted  in  the  end  of  a  tube,  a  tapered  mandrel, 
Fig.  57,  is  driven  into  the  central  opening,  and  it  then  bears 
against  the  rollers  A'  A',  and  forces  them  outward  against  the 
tubes.  A  crank  handle  is  then  attached  to  the  square  end  of 
the  mandrel  and  it  is  turned  around,  which  causes  the  ro  lers 
to  revolve  on  their  own  axes.  This  causes  the  hollow  plug 
to  revolve  around  its  axis.  The  two  thus  have  a  sort  of  sun- 
and-planet  motion  in  relation  to  each  other.  .■Xs  the  rollers 
bear  hard  against  the  tube  their  effect  is  to  elongate  it 
circumferentially,  and  thus  enlarge  it  so  as  to  completely  fill 
the  opening  in  the  tube  plate.  Usually,  copper  ferrules  are 
used  outside  of  the  ends  of  the  tubes.  Thi-;  method  is  one 
which  is  now  generally  employed  at  the  Rogers  Works  for 
fastening  tubes  in  their  plates. 

FURNACE-DOOR. 
In  1865,  Mr.  Hudson  used  the  furnnce-door  dellector 
illustrated  by  Figs  59  and  60.  D  is  the  deflector  which  is 
suspended  from  a  hook  H,  attached  to  the  fire-box  over  the 
furnace-door.  A  lever  L.  is  fastened  to  the  deflector,  by 
which  it  is  moved  out  of  the  way  when  coal  is  thrown  into  the 
fire.  The  position  of  the  deflector  is  regulated  by  the  lever, 
and  a  latch  L  at  its  upper  end.  A  pair  of  sliding-doors  are 
used  in  connection  with  the  deflector.  These  are  opened  by  a 
system  of  levers,  which  are  clearly  shown  in  the  engravings. 
This  was  suggested  by  a  fireman  in  England,  who  found  that, 
by  inserting  a  scoop  shovel  upside  down  in  the  furnace-door, 
he  could  prevent  smoke. 

BOILER    SHELLS. 

In  making  boilers  with  iron-plates,  Mr.  Hudson  always  took 
great  pains  to  have  the  plates  of  such  sizes  and  proportions 
that  the  "grain"  or  fibers  of  the  iron  around  the  barrel  of  the 
boiler  would  be  in  the  direction  to  resist  the  greatest  strain. 
This  practice  is  still  continued  in  the  Rogers  Works  when  iron 
plates  are  used. 

In  1852,  he  adopted  themethod  of  making  the  horizontal 
seams  of  boilers  shown  by  Figs.  6t  and  62.  This  consisted  of 
an  ordinary  single-riveted  lap  seam,  with  a  covering  strip  or 
"welt"  over  the  inside,  which  was  made  wide  enough  to  take 
an  extra  row  of  rivets  on  each  side  of  the  main  row.  The  out- 
side rows  were  spaced  double  the  distance  apart  of  those  in 
the  main  row.  The  welts  not  only  serve  to  strengthen  the 
seams,  but  they  cover  the  inside  caulking  edges  where  cor- 
rosion and  "grooving"  or  "channeling,"  as  it  is  called,  is 
most  likely  to  occur.  By  being  covered,  these  edges  are  pro- 
tected from  the  action  of  the  water. 
DOMES. 

The  first  method  of  fastening  domes,  as  shown  in  the  en- 
graving of  the  "  Sandusky,"  Fig.  12,  was  to  rivet  a  circular 
casting,  having  a  flange  top  and  bottom,  to  the  barrel  of  the 
boiler.  The  upper  part  of  the  dome  was  also  made  of  cast- 
iron  and  was  bolted  to  the  top  flange  of  the  circular  casting. 
A  similar  plan  was  also  adopted  when  the  domes  were  at- 
tached to  the  tops  of  the  hemispherical-shaped  furnaces,  as 
shown  in  Figs.  12  to  22.  Even  after  the  use  of  the  hemi- 
spherical-shaped furnace  was  abandoned, cast-iron  domes  were 
still  used,  and,  in  some  cases,  the  bases  of  the  domes  were 
made  of  wrought-iron.  When  the  size  of  engines  and  their 
domes  was  increased  so  much  that  is  became  impracticable 
and  unsafe  to  make  them  of  cast-iron,  they  were  made  of 
wrought-iron  plates,  with  a  flange  at  the  bottom,  which  was 
riveted  to  ihe  boiler  shell,  as  shown  in  Fig.  30.  Later,  the 
boiler  shell  was  flanged  upward  around  the  edge  of  the  open- 
ing at  the  base  of  the  dome,  as  shown  in  Figs.  26  and  27,  in 
order  to  give  additional  strength  at  this  point.  The  dome 
was  then  attached  to  the  boiler  with  two  rows  of  rivets.  In 
1880,  a  reinforcing  ring,  R  K,  was  added  at  the  base  of  the 
dome,  as  shown  in  Fig.  63.  This  serves  to  strengthen  the  boil- 
er shell  at  the  base  of  the  dome,  where  it  is  weakened  by  the 
opening  required  to  give  access  to  the  inside  of  the  boiler. 
KTo  bi  continued^. 


Brick  Pavements. 

Within  the  past  few  years  several  towns  in  the  Western 
States  have  been  experimenting  with  street  pavements  of 
brick.  Many  miles  of  brick  pavement,  it  is  needless  to 
say,  exist  in  Holland,  and,  if  we  are  not  mistaken,  there 
are  remains  of  brick  in  the  streets  of  Nantucket ;  but  else- 
where in  the  United  States  this  material  has  been  rarely, 
if  ever  before,  used  for  the  purpose.  According  to  the 
Engineering  News,  Bloomington  deserves  the  credit  of 
being  the  first  modern  town  in  the  country  to  introduce 
brick  paving  on  an  extensive  scale.     The  town  is  situated 


in  the  clay  region,  and  bricks  are  cheap  there,  as  well  as 
good  ;  and,  by  careful  selection  of  material,  it  has  been 
10, .nd  possible  to  produce  bricks  so  tough  and  hard  that 
in  Bloomington,  where  seven  miles  of  streets  are  now  laid 
with  them,  they  have  been  found,  after  ten  years'  experi- 
ence, durable,  as  well  as  cheap  and  convenient.  In  Am- 
sterdam, where,  although  canals  intersect  the  city  in  all 
directions,  a  good  deal  of  traffic  is  carried  on  by  means  of 
horses  and  wagons,  the  pavements  of  small,  whitish  bricks 
show  little  sign  of  wear;  and,  partly  on  account  of  their 
porosity,  and  par'ly  from  the  numerous  joints  which  exist 
between  them,  they  are  in  wet  weather  much  dryer  and 
pleasanter  to  walk  over  than  stone,  or  even  asphalt.  In 
the  Illinois  towns,  the  streets  are  prepared  for  paving  by 
forming  natural  surface  into  the  proper  profile;  on  this  is 
then  laid  four  inches  of  coarse  sand  or  cinders,  evenly 
spread,  cinders  being  preferred  on  account  of  the  better 
drainage  which  they  afford,  and  the  whole  is  covered 
with  bricks  laid  flat,  with  joints  as  close  as  possible,  and 
accurately  formed  to  the  desired  profile.  Fine  sand  is 
then  spread  over  the  surface,  and  worked  well  into  the 
joints  with  a  broom,  and,  after  laying  an  inch  more  of  sand 
over  it,  the  top  course,  consisting  of  brickson  edge,  is  set  as 
closely  as  possible,  and  the  joints  of  this  also  well  filled  with 
sand.  The  multiplicity  of  joints  makes  the  pavement  easy 
and  safe  for  horses  to  travel  over,  and  the  whole  cost  is  only 
from  $1.40  to  S'-8o  per  square  \z.xA.—Avierican  Architect. 
[About  ten  years  ago,  Ross  Winans,  of  Baltimore,  laid 
the  block  adjoining  his  house  in  that  city  with  a  brick 
pavement,  but  we  have  no  knowledge  of  the  success  of 
the  experiment.  Perhaps  some  reader  in  that  city  can 
give  a  report  of  the  results.— Editor  R.ailro.-\d  and 
Enginkerinh;  Journ.\l.] 


Pressure  and  Composition  of  Natural  Gas. 

In  a  paper  on  this  subject,  read  before  the  Engineers' 
Club, of  Philadelphia.  Dr.  H.  M.  Chance. the  author,  says: 
"  We  have  no  records  of  the  gas  pressure  first  shown  by  the 
largest  wells.  The  recorded  pressures  have  nearly  all 
been  observed  after  the  gas  had  been  blowing  off  for  some 
weeks,  or  months,  or  even  years  ;  and  the  pressure  then 
shown  bv  a  gauge  is  evidently  no  measure  of  the  pressure 
under  which  the  gas  exists  in  the  rock,  for  the  ga.s  soon 
becomes  exhausted  from  the  immediate  vicinity  of  the 
well,  which  then  draws  its  supply  from  a  considerable  dis- 
tance, and  perhaps,  through  bands  of  rock  of  such  texture 
(and  perhaps,  even  through  the  clay  filling  of  crevices) 
that  the  pressure  shown  at  the  well  may  be  only  a  fraction 
of  the  actual  pressure.  Hence,  while  recorded  pressures 
range  from  about  600  down  to  200  pounds  per  square 
inch,  we  have  every  reason  to  believe  that  the  actual 
pressures  are,  perhaps,  from  500  to  1,000  pounds  per 
square  inch,  or  even,  in  some  cases,  much  greater,  but 
must  still  be  less  than  the  maximum  as  limited  by  depth. 
I  have  shown  that  this  maximum  is  very  much  less  than 
the  pressure  necessary  to  effect  liquefaction,  and  we  must 
abandon  the  supposition  that  the  gas  exists  as  a  liquid. 

"One  of  the  most  interesting  phenomena  recently  ob- 
served in  natural  gas  is  its  variability.  The  analysis  of 
Prof.  Sadler.*  made  some  nine  years  ago.  told  us  that  gas 
from  wells  located  in  districts  not  connected  with  each 
other  was  similar  in  composition,  but  that  the  percentages 
of  the  different  gases  present  varied  widely.  We  were, 
however,  not  prepared  for  the  discovery  that  gas  from 
wells  in  the  same  "  pool."  and  that  frorn  the  same  well, 
was  subject  to  daily  and  even  hourly  variations  in  compo- 
sition. When  it  was  found  that  the  calorific  value  of  the 
fuel  was  subject  to  change,  from  time  to  time,  as  shown 
by  variations  in  temperature  of  the  furnaces,  and  in  the 
steam  pressure  of  boilers  under  which  it  was  burnt,  this 
was  at  first  supposed  to  be  due  to  differences  in  pressure, 
that  is,  in  the  quantity  of  gas  delivered  to  the  burners  in 
the  fire-box.  Automatic  pressure-regulators  were  intro- 
duced, and  the  producing  companies  perfected  a  system 
by  which  the  pressures  were  maintained  at  a  nearly  con- 
stant figure,  yet  the  same  variations  were  obser\ed.  The 
chemists  then  began  to  examine  the  gas  and  some  found 
that  it  was  extremely  variable  in  composition." 
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The  Whiuiey    Contracting    Cliill  for  Casting  Car- 
Wheels. 

It  is  a  well-known  fact  that  in  casting  a  railroad  car- 
wheel,  that  part  of  the  mould  which  forms  the  tread  and 
flange  of  this  wheel  consists  of  an  iron  ring.  It  is  called 
technically  "  the  chill  "  or  chill  mold,  because  it  suddenly 
cools  or  chills  the  molten  iion  used  to  cast  the  wheel,  and 
thus  produces  a  hard  wearing  surface  of  white  iron  on  the 
tread.  This  "chill"  heretofore  has  been  simply  a  cast- 
iron  ring  of  suitable  thickness,  turned  out  on  its  inner 
surface  to  the  shape  of  the  tread  and  flange  of  the  wheel. 
Recently,  however,  what  appears  to  be  an  improvement 
on  its  constructi(5n  has  been  made  by  the  well-known  firm 
of  A.  Whitney  &  Sons,  of  Philadelphia.  The  improve- 
ment was  first  suggested  many  years  ago  by  their  Super- 
intendent, Mr.  L.  K.  Faught,  the  main  idea  at  first  being 
to  prevent  the  disintegrating  of  the  inner  surface  of  the 
chill  by  sawing  its  face  into  many  sections.  A  wheel  cast 
in  such  a  chill  was  part  of  their  exhibit  at  the  Centennial 
Exhibition  in  1876.  This  led  to  many  experiments  with 
different  forms  of  chills,  both  in  their  own  shops  and  in 
the  shops  of  the  Pennsylvania  Railroad  Company  at  Al- 
toona.  under  the  superintendence  of  Mr.  J.  N.  Rarr,  who 
at  last  obtained  satisfactory  results,  and  secured  Letters 
Patent  for  his  improvements.  During  1SS5  Messrs.  Whit- 
ney &  Sons  resumed  their  experiments,  and.  after  very 
careful  researches  into  the  causes  of  previous  failures,  at 
last  perfected  their  present  device  that  their  senior  part- 
ner, Mr.  John  R.  Whitney,  has  covered  by  several  Letters 
Patent.  The  principles  and  construction  of  the  chill 
known  as  the  Whitney  contracting  chill,  are  so  fully  and 
clearly  set  forth  in  the  patent  specifications  that  we  cannot 
do  better  than  to  quote  directly  from  them,  as  follows  : 

Ordinary  car-wheel  chills  as  heretofore  made  have  con- 
sisted of  solid  rings  of  metal  of  about  one  inch  and  a  half 
in  thickness,  and  sometime  more,  and  provided  upon  op- 
posite sides  with  trunnions  or  handles.  At  other  times, 
the  chills  have  consisted  of  rings  to  which  are  bolted  an 
inner  facing  or  lining  composed  of  separate  pieces  in  close 
proximity.  In  other  cases,  the  chill  has  consisted  of  a 
hollow  ring  with  radial  and  vertical  sections,  which  are 
made  to  expand  and  contract  by  alternate  currents  of 
steam  and  water  through  the  hollow  ring. 

In  the  ordinary  chills  above  named,  the  parts  constitu- 
ting the  chilling-surface  are  of  different  thicknesses  at 
different  points  in  the  circumference,  and,  owing  to  this 
and  other  features  of  the  construction,  the  density  of  '.he 
metal  varies  at  different  points  of  the  chilling-surface. 
Thus  in  a  chill  an  inch  and  a  half  in  thickness,  the  central 
portion  is  always  much  more  open  than  the  outer  edges, 
and  this  inequality  of  texture  is  increased  at  intervals 
wherever  there  are  projections,  such  as  are  formed  by  the 
trunnions  and  lugs.  As  a  consequence,  when  the  molten 
metal  is  poured  into  the  mold,  the  chill  does  not  expand 
equally  at  all  points,  and  so  remains  in  contact  with  the 
wheel  longer  at  some  points  than  at  others,  and  thus  pro- 
duces a  deeperchill  wherever  the  contact  is  most  prolonged. 
This  effect  is  increased  if  the  flask  is  out  of  level  or  the  chill 
is  unequally  exposed  to  currents  of  air,  etc.  This  unequal 
and  irregular  expansion  of  the  chill  is  very  apt  to  result  in 
permanently  altering  its  original  shape,  so  that  the  wheels 
produced  in  it  after  a  time  become  more  or  less  out  of 
round.  As  the  inner  surface  of  the  ring  is  first  heated 
and  tends  to  expand  before  the  outer  portion  can  yield, 
the  inner  surface  also  soon  becomes  disintegrated  and 
loses  its  original  smoothness  of  finish, 

Another  difficulty^  resulting  from  the  employment  of 
chills  of  the  ordinary  construction  ensues  from  the  fact 
that  if  the  molten  metal  is  of  a  soft,  fluid,  low^-chilling 
character  it  retains  its  heat  much  longer  than  when  hard- 
er and  chilling  well.  It  thus  expands  the  chill  to  a  much 
larger  size  before  the  inclosed  wheel  becomes  solid,  and, 
as  a  consequence,  wheels  made  from  metals  of  different 
tempers,  even  if  cast  in  chills  of  the  same  diameter,  when 
cold,  will  be  found  to  vary  in  their  circumference. 
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.\ll  these  (lilRciillies  are  overcome,  partly  by  the  use  of 
a  chill  of  a  particular  form  and  partly  by  constructing  the 
(hill,  whatever  may  be  its  form,  so  that  all  parts  of  the 
chilling-surface  shall  be  of  the  same  or  nearly  the  same 
ilcnsity,  for  the  inventor  has  discovered  that'when  the 
chilling-surface  is  of  uniform  or  nearly  uniform  density 
the  chill  produced  is  more  likely  to  be  of  uniform  depth, 
and  this  discovery  has  enabled  him  to  secure  uniform  re- 
sults by  a  proper  construction  of  the  chill. 

One  means  of  making  the  chill  so  as  to  secure  the  uni- 
form or  nearly  uniform  density  of  the  chilling-surface  con- 
sists in  constructing  it  of  parts  substantially  uniform  and 
not  exceeding  one  inch  in  thickness,  and  preferably  very 
much  less,  so  that  when  cast  there  will  be  no  undue 
strains,  tending  to  condense  some  parts  more  than  others. 
Thus,  instead  of  making  the  chill  in  the  form  of  a  ring 
of  one  inch  and  a  half  or  more  in  thickness,  and  with 
projections  at  some  portion,  it  is  constructed  with  two 
rings,  A  B,  Fig.  i,  each  of  about  five-eighths  or  three- 
fourths  of  an  inch  in  thickness,  connected  by  webs,  the 
inner  ring,  B,  being  of  uniform  thickness  throughout  its 
entire  extent,  while  the  webs  c,  which  connect  the  inner 
to  the  outer  ring,  are  no  thicker  than  the  inner  ring. 
This  uniformity  in  the  thickness  of  the  rings  and  webs 
insures  a  practical  uniformity  of  density  in  the  chilling- 
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made  of  the  same  thickness  and  entirely  without  trunnions 
or  lugs,  so  that  when  the  chill  is  heated  all  the  parts  will 
expand  simultaneously  and  regularly. 

To  increase  the  efficiency  of  the  inner  ring  B,  it  is  sep- 
arated into  sections  by  narrow  slots  or  kerfs  s.  extending 
radially  into  the  openings  r  between  the  webs  c,  so  that 
each  section  is  free  to  expand  when  heated  by  the  molten 
metal  of  the  inclosed  wheel  without  its  surface  being 
compressed,  while  the  expansion  of  all  the  sections  and 
their  supporting-webs  causes  the  contraction  of  the  inner 
diameter  of  the  chill  and  keeps  the  chilling-surface  in 
close  and  equal  contact  with  the  wheel  at  all  points  as 
long  as  the  chillmg  effects  are  needed.  While  the  inner 
ring  is  thus  kept  in  contact  with  the  wheel  the  outer  ring 
can  be  maintained  in  a  nearly  cool  condition,  so  as  to 
maintain  the  general  shape  and  dimensions  of  the  chill, 
by  the  natural  passage  of  air  through  the  openings  y 
across  the  narrow  webs  c,  the  chill  projecting  beyond  the 
cope  and  drag,  so  that  the  air  can  flow  freely  to  and  up- 
ward through  and  from  said  openings  outside  of  the  cope 
and  drag. 
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Heretofore,  when  the  inner  face  of  the  chill  ha.s  been 
divided  by  radial  slots,  the  latter  have  been  made  by 
means  of  saws  or  other  thin  cutting-tools.  This  involved 
great  expense  of  tools  and  labor,  and  required  that  the 
sections  should  be  comparatively  thin  at  the  points  where 
thus  cut.  but,  being  thinner  at  these  points  than  at  others, 
produced  a  chilling-surface  of  varying  thickness.  The 
inventor,  however,  has  discovered  that  the  chill  may 
be  made  complete  with  the  slits  between  the  sections 
by  arranging  thin  sheets  of  asbestus  in  the  mold,  so 
as  to  separate  the  metal  in  the  process  of  casting,  the 
asbestus  forming  cores  much  thinner  than  the  smallest 
kerf  that  can  be  cut  by  saws  or  other  tools  available  for 
such  purposes,  or  that  can  be  made  by  strips  of  iron 
or  other  materials  used  as  cores.  By  this  means,  he 
is  enabled  10  separate  the  sections  by  spaces  not  ex- 
exceeding  one  one-hundredth  part  of  an  inch  in  width 
if  required,  thus  allowing  room  for  the  requisite  expan- 
sion of  the  sections  and  consequent  contraction  of  the 
chill,  and  yet  preventing  the  irregularities  in  the  casting 
otherwise  resulting. 

When  the  molten  metal  is  brought  in  contact  with  the 
ordinary  chill,  it  is  found  that  it  begins  to  heat  the  same 
and  expand  it;  but  as  soon  as  the  metal  solidifies  it  also 
itself  expands,  so  as  to  remain  in  contact  with  the  chill, 
until  the  solidification  of  the  surface  is  complete,  after 
•which  it  immediately  begins  to  contract,  while  the  chill 
itself,  if  constructed  as  usual,  continues  to  expand.  If 
the  chill  is  constructed  in  the  ordinary  manner,  a  con- 
stantly-increasing separation  between  the  wheel  and  the 
chill  thus  takes  place.  But  in  the  construction  of  the 
chill  above  described  the  outer  ring  A,  remains  cold  and 
does  not  expand  ;  but  the  heating  of  the  ring  B  and  the 
webs  c  cause*  the  expansion  of  these  parts,  and  the  sec- 
tions of  the  ring  are  moved  inward,  thus  maintaining  the 
chilling-surface  in  contact  with  the  metal  until  the  latter 
has  become  thoroughly  hardened  and  deeply  chilled.  The 
chill  thus  constructed  may  be  used  in  connection  with  the 
sprinkling  apparatus  shown  in  Letters  Patent  No.  258,182, 
whereby  the  effects  above  described  are  much  increased  ; 
but  whether  the  sprinkling  apparatus  be  used  or  the  nat- 
ural draft  of  the  air  alone  be  depended  upon  for  keeping 
the  outer  ring  of  the  chill  at  a  low  temperature,  the  eft'ect 
is  to  produce  wheels  of  substantially  uniform  circumfer- 
ence regardless  of  the  temper  of  the  metal,  inasmuch  as 
the  variations  in  the  length  of  time  with  which  the  metal 
is  in  contact  with  the  chilling-surface  can  have  no  effect 
in  changing  the  size  of  the  outer  ring,  which  serves  as 
a  fixed  abutment,  from  which  the  sections  of  the  ring  may 
expand,  and  thus  contract  the  inner  diameter  of  the  chill. 

In  order  to  permit  the  chill  to  be  readily  lifted,  it  is  prefer- 
able to  provide  the  outer  ring  with  a  flange,  f/.  Fig.  2,  which 
extends  completely  around  the  periphery,  but  which  does 
not  materially  affect  the  density  of  the  chilling-surface  of 
the  inner  ring  or  section  of  the  chill.  This  flange  serves 
as  a  means  of  seizing  the  chill  by  the  grapples  when  it  has 
to  be  moved,  and  has  the  further  advantage  of  permitting 
the  chill  to  be  easily  rolled  from  place  to  place,  which 
cannot  be  done  when  it  is  provided  with  trunnions. 

These  chills  are  so  constructed  that  the  heat  of  the 
molten  metal  causes  them  to  contract,  instead  of  expand. 
This  contraction  is  simultaneous  anu  uniform  atall  points 
of  the  chilling  surface.  They  thus  remain  in  constant  and 
close  contact  with  every  part  of  the  tread  of  the  wheels 
until  the  full  chilling  effect  required  is  produced.  The 
depth  of  chill  thus  secured  does  not  vary  materially  in 
the  whole  circumference  of  the  wheels;  the  wheels  are 
practically  as  round  as  turned  steel  or  wrought-iron 
tires  and  chills  that  have  been  in  almost  daily  use  for  six 
months  are  found  to  retain  accurately  their  original  shape 
and  size.  Messrs.  Whitney  &  Sons  are  thus  enabled  to 
produce  wheels  which  they  claim  are  greatly  superior  to 
any  made  in  the  ordinary  way,  especially  in  the  following 
important  particulars,  viz.:  Accurate  roundness;  uni- 
formity of  size;  increased  depth  of  chill;  uniformity  in 
depth  of  chill;  greater  density  and  durability  of  chill ;  and 
hence,  an  increased  mileage  under  similar  circumstances. 

In  order  to  still  further  meet  the  growing  demands  of 
railway  service  for  an  increase  of  strength  and  durability 
in  wheels,  we  are  informed   that  they  have  also,  during 


the  last  year,  made  very  important  changes  in  the  lorm  of 
many  of  their  patterns,  and  in  their  mixture  of  irons.  In 
May,  1885,  they  ceased  entirely  to  use  steel,  and  their  mix- 
ture now  consists  of  charcoal  irons,  carefully  selected  be- 
cause of  their  superior  strength  and  chilling  properties. 
They  will  guarantee  that  wheels  made  of  such  materials, 
and  by  their  improved  process,  will  give  25  per  cent,  more 
mileage  than  any  wheels  made  in  the  ordinary  manner  and 
used  under  the  same  conditions. 


Allen's  Improved  Car-Wheels. 

The  engravings  herewith  represent  two  forms  of  car- 
wheels  which  have  been  patented  by  Mr.  Richard  N. 
Allen,  and  have  recently  been  brought  out  by  the  Allen 
Paper  Car-Wheel  Company. 

Figs,  I  and  2  represent  an  improvement  in  the  well-known 
paper  car-wheel  which  is  so  extensively  used  in  this 
country.  Fig.  i  is  a  section  and  Fig.  2  an  outside  view  of 
the  wheel.  The  improvement  consists  in  the  introduc- 
tion of  two  wrought-iron  or  steel  rings  D  and  D',  in  con- 
nection with  a  compressed  paper  core  or  disk  E,  which 
form  the  body  or  "center,"  as  it  is  technically  called,  of 
the  wheel.  The  core  is  enclosed  between  two  wrought- 
iron  or  steel  plates  F  and  F',  which  are  fastened  together 
by  rivets  b  and  a  which  pass  through  the  plates  and  metal 
rings  D  and  D'. 


Fig.  7- 


H  is  a  cast-iron  hub  with  a  flange,  I,  on  the  inside.  large 
enough  to  overlap  the  plate  F'  and  the  ring  D'.  The  lat- 
ter and  the  hub  are  accurately  bored  and  turned,  and  after 
the  core  E,  plates  F  and  F'  and  the  rings  D  and  D'  are  all 
fastened  together  by  the  rivets,  the  wheel  center  is  forced 
on  the  hub  and  bolted  to  it  by  bolts </,  which  pass  through 
the  flange  I,  plates  F  F.  and  core  E.  The  tire  G'  is  then 
fixed  on  the  ring  I)  and  bolted  to  it  by  bolts  c.  which 
pass  through  the  flange  B,  the  plates  F  F'  and  ring  D. 

The  plate  F'  is  provided  with  a  flange  or  tongue  C 
which  fits  into  a  corresponding  groove  in  the  tire  which 

I    helps  to  hold  the  latter  in  its  place  in  case  of  a  break- 

i    age. 

i  The  object  of  the  rings  D  and  D'  is  to  strengthen  the 
wheel  center,  and  also  to  form  bearings  for  the  tire  and 
hub  which  will  resist  without  injury  the  friction  incident 
to  forcing  them  on  and  of?  of  the  wheel  center.  With  these 
rings  either  the  tire  or  the  hub,  or  both,  may  be  removed 
as  many  times  as  may  be  necessary,  and  their  peripheries 
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or  bearings  will  still  remain  in  good  condition  to  receive 
new  tires  or  hubs. 

Mr.  Allen  ha.s  also  patented  a  steel-tired  wheel  shown 
by  Figs.  3  and  4.  the  center  of  which  is  made  of  cast-iron 
or  steel.  Fig.  3  is  a  section  on  line  .r  .r  of  Fig.  4  or  on 
the  axis  of  the  wheel,  and  Fig.  4  a  section  on  the  line^'j. 

The  wheel  center  consists  of  a  casting  composed  of  two 
curved  plates  D  and  D'  united  by  radial  webs  or  ribs  E  E, 
cast  in  the  form  of  spokes.  The  spaces  between  the 
plates  and  the  radial  webs  are  cored  out  in  a  manner 
which  will  be  obvious  to  any  practical  person. 

The  tire  may  be  fastened  on  the  wheel  in  any  practi- 
cable way,  as  shown  in  Fig.  3  and  on  an  enlarged  scale 
by  Fig.  5,  or  as  shown  in  Figs.  6  and  7.  Any  of  these  meth- 
ods will  hold  the  tire  to  the  wheel  in  case  the  tire  breaks. 
With  reference  to  cast-iron  centers,  it  may  be  said  that  if 
they  are  safe  for  locomotive  wheelsof  double  the  diameter 
and  carrying  twice  the  loads  that  car-wheels  must  bear, 
they  surely  should  be  safe  under  cars,  if  the  tires  are  prop- 
erly secured,  so  as  to  guard  against  accident  in  case  of 
their  breakage. 

Both  of  the  kinds  of  wheels  illustrated  above  are  manu- 
factured by  the  Allen  Paper  Car-Wheel  Company,  of 
239  Broadway,  New  York. 


JpForFP&lngs  of  jSoriptipx. 

Master  Car-Builders'    Brake   Committee. 

A  joint  meeting  of  the  M.  C.  B.  Brake  Committee  and 
the  representatives  of  brake  companies  intending  to  par- 
ticipate in  the  April,  18S7,  tests,  will  be  held  at  Pittsburgh, 
at  10  o'clock  A.  M.,  Wednesday,  Feb.  9,  at  the  Hotel  An- 
derson. 

The  rules  governing  the  tests  will  be  decided  on  at  this 
meeting.     A  full  attendance  is  requested. 


Boston  Society  of  Civil  Engineers. 

.\  regular  meeting  of  this  Society  was  held  in  Boston, 
January  19.  Vice-President  L.  F.  Rice  in  the  chair. 

Mr.  George  W.  Blodgett  read  a  paper  on  the  Steam  En- 
gine and  Electric  Lighting. 

Mr.  L.  F.  Rice  read  a  paper  on  some  problems  in  con- 
struction met  with  in  practice,  treating  at  some  length  on 
the  Green  River  Bridge  on  the  Troy  &  Greenfield  Rail- 
road. 


Engi: 


Club,  of  Philadelphi 


The  annual  meeting  was  held  at  the  Club  House,  No. 
H22Girard  street.  Philadelphia,  on  January  Sth.  Presi- 
dent Washington  Jones  occupied  the  chair  ;  40  members 
were  present. 

The  retiring  President,  Mr.  Washington  Jones,  read  the 
annual  address.  In  it  he  gave  a  brief  account  of  the  most 
prominent  engineering  works  projected,  in  progress  and 
completed,  abroad  and  in  the  United  States.  The  im- 
portance of  railroads  to  the  people  was  dwelt  upon  ; 
their  bridges,  tunnels,  locomotives,  etc..  and  the  miles  of 
track  laid  during  1886.  were  referred  to.  Street  railroads, 
and  the  manner  of  moving  their  cars,  elevated  railroads 
and  subway  roads  were  compared  and  their  qualities 
noted.  New  water  works,  especially  those  projected  lor 
the  City  of  Philadelphia  were  noted,  and  extracts  from 
Mr.  Rudolph  Herring's  report  on  his  surveys  of  water 
sheds,  forming  sources  of  supply  other  than  that  of  the 
Schuylkill  River,  were  quoted  ;  also  a  description  of  the 
intercepting  sewer  (furnished  by  the  courtesy  of  the  Chief 
Engineer  of  the  City  of  Philadelphia),  intended  to  carry 
the  sewage  of  Manayunk  and  discharge  it  below  the  pool 
at  Fairmount.  The'  quantities  of  minerals  mined  in  the 
United  States  during  several  past  years  were  noted  and 


allusion  was  made  to  the  Bartholdi  Statue  of  Liberty. 
The  concluding  portion  of  the  address  was  devoted  to  re- 
mtrks  upon  the  satisfactory  condition  of  the  Club,  the 
convenience  of  its  quarters  and  location,  and  the  desira- 
bility of  an  increased  number  of  papers  upon  professional 
matters. 

The  Secretary  and  Treasurer  presented  his  annual  re- 
port, showing  total  receipts  of  §4,144;  expenses  were 
$3,779.  leaving  a  balance  of  S365.  Besides  its  library  and 
furniture  the  Club  has  assets  amounting  to  §1,018.  At 
the  close  of  1886,  the  Club  had  3  honorary.  5  correspond- 
ing. 451  active  and  9  associate  members;  a  net  increaseof 
28  active  members. 

The  tellers  reported  the  following  officers  elected  for 
the  ensuing  year  :  President,  Thomas  M.  Cleeman  ;  Vice- 
President,  Joseph  M.  Wilson  ;  Secretary  and  Treasurer, 
Howard  Murphy  ;  Directors,  John  T.  Boyd,  C.  W.  Buch- 
holz,  Frederick  Graff,  Washington  Jones  and  M.  R. 
Muckle,  Jr. 

President-elect  Cleeman  then  made  a  brief  and  appro- 
priate address. 

After  routine  business  had  been  disposed  of,  Mr.  Henry- 
R.  Cornelius  read  a  paper  relating  to  the  two  large  centri- 
fugal pumps  at  Mare  Island  Navy  Yard.  California,  built 
by  the  Southwark  Foundry  &  Machine  Company. 

The  pumps,  the  dimensions  of  which  are  42-inch  dis- 
charge pipes  and  66-inch  runners,  are  each  driven  direct  by 
a  vertical  engine  28  inches  diameter  and  24  inches  stroke, 
and  were  designed  to  remove  the  water  from  a  dock  529 
feet  long,  1 22  feet  wide  and  36  feet  deep,  with  a  capacity 
of  9.000,000  gallons. 

After  being  erected  on  foundations  prepared  by  the 
Government,  a  test  trial  was  made  by  a  Naval  Board,  the 
following  being  extracts  from  their  report : 

"  At  the  final  trial  of  the  two  pumps  together,  the  water 
was  admitted  to  the  23d  altar,  the  dock  containing  7.317.- 
779  gallons,  being  7  feet  above  the  center  of  the 
pumps.     *     * 

••  [During  a  pumping  period  of  55  minutes  the  dock  had 
been  emptied  from  the  23d  to  2  inches  above  the  6th  altar, 
containing  6,210,698  gallons,  an  average  throughout  of 
1 12,922  gallons  per  minute.  At  one  time,  when  the  revo- 
lutions were  increased  to  160  per  minute,  the  discharge 
was  137,797  gallons  per  minute.  This  is  ainiost  a  river, 
and  is  hardly  conceivable. 

'■  The  engines  worked  noiselessly  and  without  shock  or 
labor.  At  no  time  during  the  trial  was  the  throttle-valve 
open  more  than  fs  inch. 

"The  indicator  cards  taken  at  various  intervals  gave 
796  horse-power,  and  the  revolutions  did  not  exceed  160 
at  any  time,  though  it  was  estimated  that  900  horse-power 
and  210  revolutions  would  be  necessary  to  attain  the  re- 
quisite delivery." 

The  reading  of  other  papers  was  deferred  to  the  next 
meeting,  and  the  Club  adjourned.  * 


Engineers'  Society  of  Western    Pennsylvania. 

This  Society  held  its  seventh  annual  meeting  in  Pitts- 
burgh, on  the  evening  of  January  18.  It  was  first  organ- 
ized seven  years  ago  with  32  members  ;  there  are  now  306 
on  the  roll. 

The  President  made  his  annual  address,  which  was  a 
general  review  of  the  work  done  by  the  Society  during  its 
seven  years  of  existence,  following  by  a  brief  outline  of 
the  scientific  history  of  the  year  just  closed. 

The  Treasurer's  report  showed  that  the  total  receipts 
for  the  year  were  Si.i  54.  and  the  expenditures  S9S1.  There 
is  now  S306  in  the  treasury,  and  the  library  fund  amounts 
toS'2o.  The  Library  Committee  reported  the  addition 
of  a  new  book-case  filled  with  valuable  technical  works. 

A  minute  was  adopted  on  the  death  of  Thomas  M.  Car- 
negie, an  active  member  of  the  Society. 

The  followingofficers  were  elected  for  the  ensuing  year: 
President,  Alexander  Dempster;  First  Vice-President.  J. 
A.  Brashear;  Second  Vice-President.  M.  L.  Becker;  Di- 
rectors. A.  E.  Hunt,  William  Miller;  Secretary,  S.  ^L 
Wickersham  ;  Treasurer,  A.  E.  Frost.  The  meeting  then 
adourned. 
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Engineers'  Club,  of  St.   Louis. 

This  Club  met  in  St.  Louis,  January  uj,  I'resident 
Poller  in  the  chair  ;  26  members  and  6  visitors  present. 
A  number  of  applications  for  membership  were  received. 

The  Secretary  reported  having  prepared  an  engrossed 
copy  of  the  memoir  on  C.  Shaler  Smith  as  directed  at  the 
last  meeting. 

The  special  order  of  the  day.  a  paper  by  H.  S.  Pritchett 
on  Mexican  Longitude  Determinations,  was  then  taken  up. 
The  Club  then  adjourned  to  a  room  specially  prepared 
for  the  occasion.  By  the  aid  of  the  magic  lantern  the 
paper  was  fully  illustrated.  A  complete  description  "of 
the  apparatus  used,  the  method  of  making  the  obser- 
vations and  of  computing  the  results  were  explained  and 
the  results  were  compared  with  those  previously  obtained 
by  other  methods.  The  author  showed  a  number  of  views 
of  Mexican  scenery  and  points  of  interest,  with  some  re- 
marks on  peculiar  features  of  the  country  and  the  charac- 
teristics of  its  people. 

The  Club  then  adjourned  to  visit  the  time  department 
of  Washington  University. 

PERSONALS. 

Mr.  J.  F.  Wallace  has  been  appointed  Chief  Engineer  of 
the  Peoria  Terminal  Railroad  at  Peoria.  111. 

Mr.  John  T.  McNeil  has  been  appointed  State  Inspector 
of  Coal  Mines  of  Colorado  for  another  term. 

Mr.  John  B.  Yates  is  Chief  Engineer  of  the  Zanesville, 
Mt.  Vernon  &  Marion,  a  new  line  which  is  to  run  from  Zanes- 
ville, O..  to  Marion. 

Mr.  Ferdinand  Hall  has  been  appointed  Chief  Engineer  of 
ihe  Louisville,  New  Albany  &  Chicago  road,  and  will  have 
his  office  in  Chicago. 

Mr.  J.  F.  Hinckley  has  been  appointed  Chief  Engineer  of 
the  St.  Louis.  Arkansas  &  Texas  road,  and  will  have  his  head- 
quarters at  Texarkana,   Texas. 

Capt.  Francis  V.  Greene,  United  States  Engineers,  has  re- 
signed his  commission  to  take  the  position  of  Vice-President 
of  the  Barber  Asfhalt  Company,  of  New  York  and  Washing- 
Mr.  C.  Breckenridge,  of  Covington,  Ky.,  has  been  engaged 
to  make  a  preliminary  survey  for  the  projected  Tennessee 
Midland  road,  from  Knoxville,  Tenn.,  through  Nashville  to 
Memphis. 

Mr.  J.  B.  Barnes  has  been  appointed  Superintendent  of 
Motive  Power,  and  M.  M.  Martin  Superintendent  of  Car  De- 
partment, for  the  Wabash,  St.  Louis  &  Pacific  lines  east  of  the 
Mississippi  River. 

CoL  Charles  E.  Blunt,  United  States  Engineeers,  was 
placed  on  the  retired  list  January  10,  on  account  of  age.  Col. 
Blunt  graduated  from  West  Point,  1846,  and  has  served  in  the 
army  for  40  years. 

Mr.  George  W.  Cope,  for  two  years  past  Secretary  of  the 
American  Iron  &  St.  el  Association,  has  resigned  that  office, 
and  accepted  the  position  of  Western  editor  of  the  /ran  Age, 
with  office  in  Chicago. 

Professor  Samuel  P.  Langley,  of  the  Allegheny  Observ- 
atory at  Pittsburgh,  has  received  from  the  Royal  Society, 
London,  England,  the  Rumford  gold  medal  for  "  meritorous 
discoveries  in  light  and  heat." 

Mr.  W.  W.  Rich  has  been  appointed  Chief  Engineer  of  the 
Minneapolis  &  Pacific,  with  office  in  Minneapolis,  Minn.  He 
retains  his  position  as  Chief  Engii.eer  of  the  Minneapolis, 
Sault  Ste.  Marie  &  Atlantic  also. 

Mr.  W.  H.  Peddle,  under  the  new  organization  of  the  Cen- 
tral Railroad  of  New  Jersey,  will  be  Engineer  of  the  New  Jer- 
sey Central  and  the  New  Jersey  Southern  divisions,  and  Mr, 
J.  H.  Thompson  is  Engineer  of  the  Lehigh  &  Susquehanna 
Division. 

Mr.  L  C.  Brewer,  recently  Division  Engineer  on  the  Lake 
Shore  &  Michigan  Southern  road,  has  resigned  his  position 
and  gone  to  Chattanooga,  Tenn.  He  will  have  charge  of  the 
construction  of  several  branch  lines  for  the  East  Tennessee, 
Virginia  &  Georgia  road. 

Prof.  R.  H.  Richards,  President  of  the  American   Institute 


of  .Mining  Engineers,  sailed  from  New  York  for  Bermuda, 
early  in  January.  Prof.  Richards'  health  is  much  improved, 
but  it  is  doubtful  whether  he  will  be  able  to  attend  the  Feb- 
ruary meeting  of  the  Institute. 

Mr.  Louis  Caldwell  is  to  have  charge  of  the  survey  of  the 
Louisville,  Cloverport  &  Western,  a  new  line  projected  to  run 
along  the  south  side  of  the  Ohio  River  from  Louisville  to  Hen- 
derson, Ky.  Mr.  Caldwell  has  been  recently  Superintendent 
of  the  Louisville  &  Portland  Canal. 

Mr.  R.  H.  Elliott  is  Chief  Engineer  of  the  new  Kansas 
City,  Memphis  i:  Birmingham  road,  succeeding  Mr.  John  A. 
Grant,  who  goes  to  the  Texas  &  Pacific  as  General  Manager. 
Mr.  Elliott  has  been  for  some  time  Assistant  Chief  Engineer 
of  the  Louisville,  New  Orleans  &  Texas  road. 

Mr.  William  G.  Raoul  retired  from  the  position  of  Presi- 
dent of  the  Central  Railroad  Company  of  Georgia  at  the  an- 
nual meeting  in  January.  He  had  been  connected  with  the 
road  for  15  years,  serving  successively  as  Roadmaster,  As- 
sistant Superintendent,  Superintendent  and  Vice-President 
until  1883,  vvhen  he  was  chosen  President  in  place  of  the  late 
William   Wadley. 

Mr.  A.  A.  McLeod,  who  succeeds  Mr.  John  E.  Wootten 
as  General  Manager  of  the  Philadelphia  i^t  Reading  road, 
was  for  several  years  General  Manager  of  the  Elmira,  Cort- 
land &  Northern  road  in  New  York.  He  went  to  the  Reading 
road  last  year  as  Assistant  to  the  President,  and  was  made 
Acting  General  Manager  when  Mr.  Wootten  retired  on  ac- 
count of  ill  health. 

Gen.  E.  P.  Alexander,  who  succeeds  Mr.  W.  G.  Raoul  as 
President  of  the  Central  Railroad  of  Georgia,  has  had  a  some- 
what varied  experience.  He  is  a  graduate  of  West  Point,  and 
served  several  years  in  the  United  Slates  Engineer  Corps. 
During  the  war  he  served  in  the  Confederate  Army,  and  was 
for  some  time  Chief  of  Artillery,  under  Gen.  Lee.  After  the 
war  he  was  successively  General  Superinienaent  of  the  Char- 
lotte, Columbia  &  Augusta,  General  Manager  of  the  Western 
Railroad  of  Alabama,  President  of  the  Georgia  Railroad  and 
First  Vice-President  of  the  Louisville  &  Nashville.  He  left 
the  last-named  road  four  years  ago,  and  has  since  been  chiefly 
employed  as  a  consulting  engineer. 

Mr.  Arthur  M.  Wellington  has  become  editor  and  part 
proprietor  of  the  En);ineering  News,  of  New  York.  Mr.  Wel- 
lington is  an  engineer  of  experience,  having  served  as  Assist- 
ant Engineer  on  the  New  York,  Pennsylvania  &  Ohio.  Locat- 
ing Engineer  of  the  Mexican  National  ;  Assistant  General 
Manager  of  the  Mexican  Central,  in  which  capacity  he  located 
the  Guadalaiara  Branch  of  that  road,  and  in  other  important 
positions.  For  several  years  past  he  has  been  Associate  Edi- 
tor of  the  Railroad  Gazette.  Mr.  Wellington  is  author  of  ihe 
"  Economic  Theory  of  the  Location  of  Railroads,"  and  of  many 
contributions  to  engineering  papers.  He  has  been  an  active 
member  of  the  American  Society  of  Civil  Engineers,  and  has 
contributed  a  number  of  papers  to  its  proceedings. 

Mr.  John  E.  Wootten,  for  a  number  of  years  General 
.Manager  of  the  Philadelphia  &  Reading  Railroad,  has  finally 
resigned  that  position,  his  health  not  having  sufficiently  im- 
proved to  enable  him  to  resume  the  duties  of  the  position  on 
Jan.  I,  as  he  had  expected  to  do.  Mr.  Wootten  has  been  con- 
nected with  the  Reading  road  continuously  for  more  than  41 
years,  having  begun  work  in  1S45  as  foreman  of  the  roadway 
shops  at  Pottstown.  Two  years  later  he  was  made  foreman 
of  the  Palo  Alto  repair  shops,  and  in  1854  he  was  transferred 
to  the  more  importantshops  at  Port  Richmond.  He  remained 
in  charge  of  these  shops  for  ten  years,  and  was  then  made  Super- 
intendentof  the  Mine  Hill&  Schuylkill  Haven  Branch.  In  1S66 
he  returned  to  the  machinery  department  as  its  head,  having 
been  appointed  Engineer  of  Machinery,  and  in  1S71  the  duties 
of  Assistant  Superintendent  of  the  road  were  added  to  those 
of  his  former  position.  In  1873  he  became  General  Superin- 
tendent of  the  road,  and  four  years  later  was  promoted  to  the 
position  of  General  Manager.  A  few  months  ago  he  received 
leave  of  absence  on  account  of  impaired  health. 

Mr.  Wootten  is  thoroughly  familiar  with  the  Reading  road, 
having  been  connected  with  it  for  a  longer  period  than  any  other 
person  now  prominent  in  the  management.  He  is  also  well 
known  to  mechanical  engineers  as  the  inventor  of  the  Wootten 
fire-box,  the  use  of  which  has  been  increasing  for  several  years 
past.  He  early  recognized  the  necessity  of  increasing  the 
grate  area  to  meet  the  constant  demands  for  increased  power 
from  the  locomotive  boiler,  and  his  fire-box  is  the  best  known 
and  most  practical  of  the  attempts  so  far  made  to  put  this 
principle  into  practice.  Mr.  Wootten's  many  friends  will  hear 
with  regret  of  his  present  retirement  from  active  work. 
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Jlnh%  anil  ]Optas. 

Poughkeepsie  Bridge. —  The  large  caisson  for  Pier  No.  5, 
has  been  launched  and  is  now  receiving  the  upper  courses  of 
limber. 

German  Enterprise  in  Mexico.— German  manufacturers 
of  agricultural  machinery  are  said  to  be  arranging  for  a  united 
efTort  to  introduce  their  machines  into  Mexico. 

The  Bridge  Pier  in  the  Mississippi,  at  St.  Paul,  erected  by 
the  Minnesota  &  Northwestern  Railroad,  the  Secretary  of  War 
says,  is  an  obstruction  to  navigation,  and  asks  Congress  to 
take  action. 

Ries  Electric  Railroad  Manufacturing  Company. — This 
company  has  been  organized  at  Portland,  Me.,  with  $1,000,- 
000  capital  stock  to  build  railroads  and  electric  motors  on  the 
Ries  system. 

The  Lehigh  Valley  Company  is  about  to  build  a  coal  stor- 
age trestle  in  Chicago,  which  will  be  100  X  886  feet.  It  will 
have  a  storage  capacity  «f  25,000  tons,  and  arrangements  for 
loading  30  cars  at  once. 

The  Dam  across  the  Potomac  at  the  Great  Falls  is  nearly 
completed.  The  tunnel  intended  to  carry  the  water  supply  of 
Washington  from  the  dam  is  excavated  for  18,538  feet,  leav- 
ing 2,150  feet  to  be  completed. 

The  Reese  Safety  Brake.— The  automatic  freight-brake 
invented  by  Alvan  Reese,  of  Pittsburgh,  is  to  be  put  on  a  num- 
ber of  cars  on  the  Baltimore  iV  Ohio  road.  The  brake  is  made 
oy  the  Reese  Safety  Brake  Company,  of  Pittsburgh. 

Compound  Locomotives  in  England.  —  The  London  & 
Northwestern  Company's  experience  with  compound  locomo- 
tives on  the  Webb  system  has  been  so  favorable  that  it  is  now 
building  30  locomotives  of  that  type,  at  its  Crewe  Works. 

A  "  Hydro-Pneumatic  Brake." — A  brake  thusdescribed  is 
to  be  manufactured  by  the  Hydro-Pneumatic  Car  Brake  Com- 
pany, which  has  just  been  organized  by  William  Susby,  Jr., 
and  others,  at  Newport,  Ky.,  with  $1,000,000  capital  stock. 

Cable  Railroad  in  China. — A  cable  railroad  has  been  buill 
at  Hong  Kone,  running  from  the  city  to  the  top  of  the  Peak,  a 
steep  hill  on  which  are  situated  a  number  of  dwellings  occu- 
pied by  the  European  residents.  The  road  is  4,800  feet  long 
and  rises  1.300  feet. 

Ship-building  in  England. — Ship-building  on  the  Tyne,  in 
England,  in  1886,  shows  a  considerable  reduction  from  1SS5. 
Last  year  67  vessels  were  launched,  having  a  total  tonnage  of 
82,800,  against  106,000  in  1885.  The  average  tonnage  of  the 
vessels  launched  last  year  was  1,236. 

South  Pass  Jetties. — The  report  of  the  Secretary  of  War 
notes  that,  at  the  South  Pass  jetties  of  the  Mississippi  River, 
the  channel  has  been  maintained  as  required  by  law,  and  Capt. 
Eads  has  received  the  required  payments  of  .f  150,000.  The 
total  cost   of  this  improvement  to  date  has  been  $5,300,000. 

Trial  of  English  Permanent  Way. — .\  contemporary  re- 
ports that  the  Pennsylvania  Railroad  Company  will  try  a  few 
miles  of  track  laid  in  the  English  fashion,  with  rails  of  bull- 
head pattern,  heavy  cast-iron  chains,  and  about  2,000  ties  to 
the  mile,  or  one-fourth  less  than  are  usually  used  in  this  coun- 
try. 

Washington  Railroad  Stations. — The  Engineer  Commis- 
sioners of  the  District  of  Columbia,  in  their  annual  repoit  re- 
fer at  some  length  to  the  railroad  question,  and  urge  the  con- 
centration of  the  railroad  tracks  entering  the  city  of  Washing- 
ton. They  also  recommend  the  removal  of  the  railroad  tracks 
from  existing  streets. 

Burlington  Brake  Test.— The  Wells  &  French  Co.  is 
building  at  its  shops  in  Chicago  a  train  of  50  box  cars  for  the 
Eames  Vacuum  Brake  Company,  to  be  used  at  the  Burlington     i 


tests  in  April  next.     These  cars  are,  of  course,  equipped 

the  Eames  automatic  freight  brake  ;  they  are  fitted  with  the 

Boston  automatic  coupler. 

Cairo  Bridge. — The  engineers  of  the  Illinois  Central  Rail- 
road are  now  making  the  final  location  for  the  bridge  over  the 
Ohio  River  at  Cairo,  and  work  has  been  begun  on  the  approach 
on  the  south  side,  which  will  include  a  trestle  3.000  ft.  long. 
The  bridge  itself  will  be  about  a  mile  long  and  52  feet  above 
high  water;  the  approaches  will  be  about  I'/i  miles  long. 

Refrigerator  Cars. — The  New  York,  Lake  Erie  &  Western 
Company  has  built  10  refrigerator  cars,  at  its  Susquehanna 
shops,  which  are  to  be  run  as  express  cars  on  passenger  trains. 
These  cars  are  50  feet  long,  and  are  divided  into  three  l6-feet 
compartments.     They  have  passenger-car  running  gear.  Miller 


platforms   and   couplers,  and   are   fitted   with   the   automatic 

brake. 

Niagara  Suspension  Bridge.— Important  improvements 
have  been  made  this  season  in  the  Suspension  Bridge  over 
the  Niagara  River.  These  include  the  strengthening  of  the  old 
anchors  for  the  cables  and  the  addition  of  new  anchors.  New 
steel  towers  have  been  erected  in  place  of  the  old  stone  tow- 
ers. The  operation  of  transferring  the  cables  to  the  new  tow- 
ers was  successfully  performed. 

Union  Switch  and  Signal  Company.— This  company  has 
bought  from  the  Pennsylvania  Steel  Compay  the  interlocking 
switch  and  signal  department  of  its  works,  including  the  Cum- 
mings  and  other  patents  covering  the  system  adopted  by  the 
Pennsylvania  Steel  Company.  The  business  will  be  trans- 
ferred to  the  new  works  of  the  Union  Switch  and  Signal  Com- 
pany at  Swissvale,  near  Pittsburgh. 

A  Russian  Oil  Pipe  Line. — The  United  States  Consul  at 
Odessa,  Russia,  has  notified  the  State  Department  that  ar- 
rangements are  to  be  made  to  build  a  pipe  line  to  transport 
petroleum  from  Baku  to  Batoum.  The  line  will  be  about  550 
miles  long,  and  its  greatest  elevation  about  3.000  feet.  It  is 
proposed  to  use  7-inch  pipe.  The  Consul  thinks  that  Ameri- 
can pipe  and  pump  manufacturers  will  have  an  opportunity  to 
secure  contracts. 

Liquid  Fuel  in  Russia. — Some  of  the  large  factories  in 
Odessa  are  now  using  as  fuel  in  their  boilers  petroleum  refuse, 
which  is  brought  to  Odessa  by  sailing  vessels  and  is  sold  at  a 
very  low  price.  It  is  claimed  that  with  the  furnaces  in  use,  a 
ton  of  this  petroleum  refuse  will  make  as  much  steam  as  two 
tons  of  English  coal.  Arrangements  are  being  made  to  carry 
the  oil  refuse  in  bulk  from  Novorossisk,  the  port  of  the  Black 
Sea  petroleum  fields. 

English  Iron  Production. —  T/tf  F.tighws?-  estimates  the 
pig-iron  production  of  the  United  Kingdom  for  18S6  at  6,800,- 
000  tons,  against  7,250,657  tons  in  1S85  ;  a  reduction  of  450,- 
657  tons,  or  614"  per  cent.  The  decrease  in  production  has 
been  continuous  since  1S82,  when  the  total  reached  8,498,c»o 
tons.  The  reduction  was  not  by  any  means  uniform,  the  fur- 
naces in  Scotland  and  m  the  Cleveland  district  showing  a  small 
increase  last  year  over  1885. 

Railroads  in  Persia. — It  is  given  out  from  St.  Petersburg 
that  Russian  influence,  which  is  very  strong  at  Teheran,  will 
be  brought  to  bear  to  prevent  the  building  of  any  railroads  in 
Persia  by  English  or  American  contractors.  The  Russian 
Government,  it  is  said,  is  decided  in  its  opinion  that  any  im- 
portant line  to  be  built  in  Persia  must  connect  with  the  Central 
Asian  road  which  Russia  is  now  building,  and  the  Persian  rail- 
road administration  must  be  controlled  by  Russian  influences. 

German  Rails  for  English  Colonies. — The  Government 
of  Victoria  (Australia)  has  placed  a  contract  for  50,000  tons  of 
steel  rails  with  the  Krupp  Works,  at  Essen.  The  deliveries  are 
to  extend  over  two  years,  and  the  price  is  said  to  be  about  $20 
per  ton,  delivered  on  board  ship.  The  bid  of  the  Krupp  Works 
was  from  $2.50  to  $3  below  the  prices  offered  by  English  firms. 
Naturally,  the  English  makers  are  much  exercised  in  mind  at 
so  large  an  order  from  an  English  colonv  going  to  a  German 
mill. 

American  System  of  Irrigration  in  Australia. — The  Gov- 
ernment of  the  Australian  colony  of  Victoria  lias  granted  50,- 
000  acres  of  land  to  Chaffee  Brothers,  American  capitalists, 
who  are  to  colonize  the  land  and  improveit  by  irrigation.  The 
land  is  near  Mildura,  on  the  Murray  River,  11  miles  above  the 
mouth  of  the  Darling.  The  conditions  of  the  grant  are  that 
Chaffee  Brothers  are  to  spend  $1. 500,000  on  irrigation  works, 
and  are  to  improve  at  least  47,000  acres  of  the  tract  within  20 
years. 

The  Heating  of  Cars  by  Steam  is  tried  on  several  railroads 
this  winter.  The  Connecticut  River  Railroad  has  in  use  the 
Emerson  system  ;  the  Boston  &  Albany  has  the  Martin  sys- 
tem as  prepared  by  the  Martin  Anti-fire  Car  Heater  Company, 
of  Dunkirk,  N.  y!  ;  the  Long  Island  Road  is  trying  the  Mar- 
tin system  on  one  train,  and  the  Gold  system  on  another. 
The  Gold  system  has  also  been  put  in  use  recently  on  the 
Providence,  Warren  &  Bristol  Road,  and  on  the  cable  road  at 
Hoboken,  N.  J. 

Blast  Furnaces  of  the  United  States.— Statistics  collected 
by  the  American  .^[aiiutacturer,  show  that  on  January  I,  1S87, 
there  were  333  furnaces  in  blast,  having  a  weekly  capacity  of 
127,660  tons  of  pig-iron  ;  against  273  in  blast,  with  a  capacity 
of  97,050  tons  on  January  i,  1886.  Of  the  furnaces  in  blast  this 
year,  66  use  charcoal  as  fuel;  126,  anthracite  coal,  and  140.  bitu- 
minous coal  or  coke.  The  weekly  capacity  of  the  charcoal  fur- 
naces in  blast  is  11,895  ;  of  the  anthracite,  53,633,  and  of  the 
bituminous  furnaces,  90,032  tons. 
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The  Hoosac  Tunnel.— The  Troy  &  Greenfield  Railroad,  in- 
cluding the  Hoosac  Tunnel,  has  been  sold  by  the  State  of  Mas- 
sachusetts to  the  Fitchburg  Railroad  Company.  The  State  re- 
ceives for  the  raad  and  tunnel  $5,000,000  in  bonds  bearing  3 
per  cent,  interest  for  five  years,  3,'';  for  five  more  and  then  4 
per  cent.,  and  will  also  receive  $5,000,000  in  stock  of  the  com- 
pany. The  railroad  and  tunnel  have  cost  the  State  (including 
interest  paid)  about  $24,200,000.  The  price  secured  is  proba- 
bly the  best  that  could  be  now  obtained. 

New  Blast-Furnaces.  —  On  Jan.  i,  there  were  22  new 
blast  furnaces  under  construction.  Of  these,  there  were  in  the 
South  12,  to  have  a  productive  capacity  of  7,450  tons  weekly; 
and  the  North  10,  with  a  capacity  of  7,800  tons  weekly.  Of 
the  northern  furnaces,  three  areat  Troy,  N.Y.,  the  rest  in  Penn- 
sylvania, Of  the  southern  furnaces,  one  is  in  Kentucky,  one 
in  Tennessee  and  10  in  Alabama.  The  northern  furnaces  are 
generally  larger,  having  an  average  capacity  of  7S0  tons  week- 
ly, against  621  tons  for  the  southern  furnaces. 

English  Steamer  for  the  Central  American-New  York 
Trade.— Robert  Duncan  &  Co.,  Port  Glasgow,  Scotland,  re- 
cently launched  a  steel  screw  steamer  of  1,615  tons,  intended 
for  the  fruit  trade  between  Central  .American  ports  and  New 
York.  She  is  236  ft.  long,  35  ft.  beam  and  19  ft.  depth  of  hold. 
The  engines  will  be  of  the  triple-expansion  pattern,  with  cyl- 
inders 23  in.,  35^4  in.  and  57  in.  diameter,  and  39  in.  stroke. 
Steam  will  be  supplied  from  two  boilers,  each  13  ft.  6  in.  by 
10  ft.  6  in.,  intended  to  carry  a  working  pressure  of  i6o  lbs. 

Bridges  at  Minneapolis. — Plans  have  been  prepared  for 
three  bridges  over  the  Mississippi,  at  Minneapolis,  Minn. 
One  at  Twentieth  avenue  will  have  four  spans  of  200  feet  each, 
one  at  Franklin  avenue,  five  spans  of  200  feet  each,  and 
one  at  Lake  street,  si.\  spans  of  200  feet  each.  Work  is  in  pro- 
gress on  a  steel  arch  bridge  at  Hennepin  avenue,  which  is  to 
have  two  spans  of  260  feet  each.  City  Engineer  Andrew  Rin- 
ker  is  preparing  plans  for  another  bridge  to  cross  the  river  at 
the  falls  ;  this  will  have  one  span  of  540  feet,  one  of  200  feet  and 
and  three  of  160  ft.  each. 

Lake  Superior  Iron  Ore. — A  good  indication  of  the  in- 
crease in  the  iron  trade  is  found  in  the  shipments  of  iron  ore 
from  the  Lake  Superior  region.  According  to  the  Marquette 
Mining  Journal  these  amounted  last  year  to  3,541,996  tons, 
against  2,456,548  in  i3S5;  an  increase  of  1,085,448  tons,  or 
44  per  cent.  Last  year's  shipments  were  the  heaviest  ever 
made,  partly  on  account  of  increased  demand,  and  partly  be- 
cause of  the  opening  of  mines  on  the  new  Gogebic  Range. 
The  total  shipments  of  ore  from  the  Lake  Superior  region  up 
to  the  close  of  1S86  have  been  29,774,099  tons. 

The  Union  Bridge  Company  has  its  shops,  both  in  Buffalo 
and  Athens,  Pa.,  fully  employed.  The  work  in  progress  in- 
cludes the  material  for  two  notable  structures,  the  bridge  over 
the  Hudson  River,  at  Poughkeepsie,  and  the  Hawkesbury  River 
for  New  South  Wales.  .\  number  of  bridges  for  western  and 
southwestern  roads  are  also  in  progress,  including  one  of 
400  feet  span  over  John  Day's  River,  in  Oregon,  for  the  Ore- 
gon Railway  iS:  Navigation  Company.  This  company  is  nego- 
tiating for  the  purchase  of  the  rolling-mill  property  at  Elmira, 
N.  Y.,  and  will,  it  is  said,  move  its  Athens  shop  to  that  place'. 

Ship  Railroad  at  the  Dalles  of  the  Columbia  River.— 
The  project  for  a  canal  around  the  Dalles  of  the  Columbia 
River,  in  Oregon,  has  been  abandoned  for  the  present,  on  ac- 
count of  the  great  expense  involved.  It  is  now  proposed  to 
build  at  the  Dalles  a  ship  railroad  on  the  plan  of  Capt.  Eads, 
by  which  steamboats  can  be  taken  from  the  water  and  trans- 
ferred around  the  obstructions.  It  is  thought  that  such  a  rail- 
road can  be  built  for  $1,500,000,  and  an  effort  will  be  made  to 
get  an  appropriation  from  Congress.  At  present  the  com- 
merce of  the  river  is  impeded  by  the  necessity  of  transferring 
all  freight  at  the  Dalles. 

Russian  Railroads. — The  Russian  Government  has  decided 
to  begin  no  new  railroad  work  in  1SS7,  chiefly  for  financial 
reasons.  Work  will,  however,  be  continued  on  the  lines  al- 
ready sanctioned,  of  which  some  750  miles  remain  to  be  com- 
pleted. The  most  important  lines  now  under  construction  are 
the  Siberian  Railroad,  from  Samara  to  Ufer,  440  miles-  the 
Pskoff-Rjeff  line,  255  miles  ;  theGomel-Briansk  line,  about  175 
miles,  and  the  Novorossisk-Tikhorelsk  line,  170  miles.  Sev- 
eral other  lines  have  been  urged  to  serve  wheat-growing  dis- 
tricts, but  all  are  postponed  for  the  present,  the  military  lines 
receiving  the  preference. 

Ohio  Engines  for  Massachusetts.— The  Prospect  Engine 
and  Machine  Company  in  Cleveland,  O.,  recently  completed 
a  pair  of  automatic  engines,  for  the  Lowell  Carpet  Company, 
jn  Lowell,  Mass.     These  engines  have  cylinders  39  inches  di- 


ameter and  40  inches  stroke.  The  cranks  are  disks  72  inches 
diameter  ;  the  crank  shaft  is  20  inches^  diameter  and  22 
feet  10  inches  long.  The  crank  pins  are  lofg  inches  diame- 
ter. The  connecting  rods  are  of  the  solid  end  type.  The 
fly-wheel  is  20  feet  diameter  and  its  face  is  6  feet  ;  it  will  car- 
ry three  belts,  two  of  40  inches  wide  and  one  36  inch.  The 
engines  will  make  80  revolutions  a  minute. 

Elevators  for  the  New  York  Elevated  Roads.— An  as- 
sociation of  property  owners,  known  as  the  North  Central 
Park  Improvement  Company,  is  making  arrangements  to  put 
up  a  substantial  building  containing  four  passenger  elevators 
in  connection  with  the  Il6th  street  station  of  the  Sixth  ave- 
nue elevated  road  in  New  York.  This  building,  when  com- 
pleted, will  be  leased  to  the  Manhattan  Railway  Company  at 
a  nominal  rental,  that  company  to  maintain  and  operate  the 
elevators.  The  Ii6th  street  station  is  at  the  highest  point  on 
the  road,  and  the  great  height  of  the  stairways  has  been  a 
serious  drawback  to  property  in  the  neighborhood. 

East  River  Bridge. — The  proposed  bridge  over  the  East 
River,  at  6oth  street.  New  York,  is  to  be  pushed,  and  a  bill,  which 
has  been  prepared  to  authorize  its  construction,  will  soon 
be  introduced  in  Congress.  It  is  now  proposed  to  start  the 
eastern  approach  near  Calvary  Cemetery,  west  of  Long  Island 
City.  The  western  approach  is  to  form  a  Y,  one  arm  extend- 
ing to  Fourth  avenue  and  42d  street,  the  other  to  the  Harlem 
Railroad  track  at  8oth  street.  The  bridge  proper  will  be  155 
feet  above  mean  high  tide,  and  is  to  have  double  railroad 
tracks,  a  carriage-way  and  foot-way.  The  total  length  of  the 
proposed  bridge  and  the  approaches  will  be  nearly  yi  miles. 
The  design  is  for  a  cantilever  bridge,  the  plans  having  been 
prepared  by  Mr.  C.  C.  Schneider. 

A  Three-cylinder  Locomotive. — The  Dunraore  Iron  & 
Steel  Company,  at  Dunmore,  Pa.,  has  a  small  locomotive  in 
use  switching  in  its  yards  which  is  of  a  novel  pattern.  It  is 
thus  described  by  the  Superintendent  of  the  works:  "This 
little  engine  has  three  8X12  in.  steam  cylinders,  four  33-in. 
driving-wheels,  two  outside  connecting  and  parallel  rods,  and 
one  inside  connecttrtgrod.  No  balancing  is  needed  in  driving- 
wheels.  The  engine  has  six  exhausts  to  a  revolution,  and  the 
effect  on  the  fire  is  good.  It  is  claimed  that  by  setting  the 
cranks  at  an  angle  of  120  degrees  the  slip  is  reduced  to  a  mini- 
mum. This  engine  makes  30  miles  an  hour  on  a  40  ft.  grade 
easily,  with  a  light  load,  and  is  considered  a  good  machine  by 
those  who  have  run  her.      Its  weight  is  about   12  tons." 

Broken  Axles  and  Rails  in  England. —  The  Engineer  says: 
"Of  the  238  axles  which  failed  during  the  first  nine  months  of 
18S6,  on  our  lines,  147  were  engine  axles,  viz.:  130  crank  or 
driving,  and  17  leading  or  trailing  ;  20  were  tender  axles,  2 
were  carriage  axles,  63  were  wagon  axles,  and  6  were  salt-van 
axles  ;  29  wagons,  including  the  salt-vans,  belonged  to  owners 
other  than  the  railway  companies.  Of  the  130  crank  or  driving 
axles,  qr  were  made  of  iron  and  39  of  steel.  The  average  mile- 
age of  85  crank  or  driving  a.xles  made  of  iron  was  233,057 
miles,  and  of  39  crank  or  driving  axles  made  of  steel  223,933 
miles.  Of  the  164  rails  which  broke,  79  were  double-headed, 
83  were  single-headed,  i  was  of  the  bridge  pattern,  and  in  one 
case  the  pattern  was  not  stated  ;  of  the  double-headed  rails, 
49  had  been  turned;  31  rails  were  made  of  iron  and  133  of  steel." 

"Strong"  Locomotive.  —  A  second  locomotive  of  the 
"Strong"  pattern  has  been  turned  out  of  the  Lehigh  Valley 
shops  at  Wilkes-Barre,  Pa.  This  locomotive  has  two  fire-cham- 
bers, each  consisting  of  a  corrugated  steel  flue,  both  being  joined 
at  the  forward  end  to  single  combustion  chamber.  From  this 
chamber  309  flues,  1 3^"  inches  diameter  and  11  feet  5  inches 
long,  extend  to  the  smoke-box.  The  fire-chambers  are  each  42 
inches  diameter  and  9  feet  long.  The  total  grate  area  is  62 
square  feet,  and  the  heating  surface  is  1,848  square  feet  in  all. 
The  fuel  is  anthracite  coal.  The  engine  is  intended  for  pas- 
senger service  ;  has  20X24  inch  cylinders,  and  six  62-inch  driv- 
ing-wheels coupled,  5  feet  7  inches  from  center  to  center,  mak- 
ing the  rigid  wheel-base  11  feet  2  inches.  There  is  a  four-wheel 
truck  under  the  cylinders,  and  a  two-wheel  truck  back  of  the 
drivers  and  under  the  fire-chambers.  This  trailing  truck  is 
equalized  with  the  drivers.  The  valve-gear  is  of  the  ' '  Strong  " 
pattern. 

Car  Coupling  in  England.— In  England,  as  well  as  here, 
railroad  men  are  struggling  with  the  car-coupling  problem. 
There,  as  in  this  country,  attention  was  called  to  the  subject 
by  the  many  accidents  to  employes  in  coupling  cars,  but  the 
railroad  companies  do  not  seem  to  have  taken  it  up  with  as 
much  earnestness  as  they  have  on  this  side  of  the  water.  Very 
little  has  been  done  by' the  roads  or  their  officers,  and  the 
most  important  work  so  far  has  been  done  by  the  employes 
themselves.  The  Amalgamated  Society  of  Railway  Servants, 
an  organization  to  which  we  have   nothing   to   correspond  in 
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this  country,  some  time  ago  made  from  its  fiincJs  an  appro- 
priation of  i,'50O  10  be  distributed  as  prizes  for  the  best  auto- 
matic couplers,  and'to  cover  the  expenses  of  trials.  These  trials 
were  made  at  Nine  Elms,  on  the  London  &  Souihwestern 
road,  last  March,  when  a  number  of  couplers  were  tried  and 
prizes  awarded.  No  practical  results,  however,  have  yet 
followed  the  trial,  the  average  English  mechanical  superin- 
tendent being,  apparently,  much  more  reluctant  to  act  on  this 
question  than  his  American  brother. 

Hennepin  Canal.— The  Secretary  of  War  has  transmitted 
to  Congress  a  report  of  the  Board  of  Engineers  appointed  to 
examine  the  line  of  the  proposed  Illinois  &  Michigan  Canal, 
better  known  as  the  Hennepin  Canal.  The  report  is  generally 
favorable,  and  the  Secretary  says  that  the  construction  of  the 
canal  will  be  a  commercial  benefit  to  the  country  ;  whether 
that  benefit  will  be  so  great  as  to  justify  its  construction,  is 
left  for  Congress  to  decide. 

The  report  says  that  the  construction  of  the  canal  is  feasible 
and  discusses  the  routes  proposed,  which  are  three  in  number, 
the  line  to  Rock  Island,  the  Walertown  line  and  the  route  by 
the  Marais  d'Osier,  reaching  the  Mississippi  at  Albany,  111. 
The  board  believes  that  while  the  Marais  d'Osier  route  is  pre- 
ferable from  an  engineering  point  of  view,  as  the  shortest  and 
cheapest  and  involving  the  least  lockage,  yet,  in  view  of  the 
relations  of  the  Canal  to  existing  transportation  lines,  it  is  in- 
clined to  recommend  the  southern,  or  Rock  Island  route. 

These  conclusions  of  the  board  are  approved  by  Gen.  Duane, 
Chief  of  Engineers. 

New  Bridge  at  St.  Louis. — A  bill  has  passed  both  Houses 
of  Congress,  providing  that  the  St.  Louis  Merchants'  Bridge 
Company,  of  St.  Louis,  may  build  a  bridge  across  the  Missis- 
sippi at  some  suitable  point  between  the  present  bridge  and  the 
mouth  of  the  Missouri.  It  is  also  provided  that  no  bridge 
shall  be  constructed  across  the  Mississippi  River  within  two 
miles  above  or  two  miles  below  the  bridge  heretofore  con- 
structed, known  as  Ead's  bridge.  Said  bridge  shall  be  con- 
structed to  provide  for  the  passage  of  railroadtrains,  and,  at 
the  option  of  the  persons  by  whom  it  may  be  built,  may  be  used 
for  the  passage  of  wagons  and  vehicles,  for  the  transit  of  ani- 
mals and  for  foot  passengers  ;  the  bridge  shall  be  made  with 
unbroken  and  continuous  spans,  and  it  shall  have  at  least  two 
channel  spans  of  not  less  than  500  feet  clear  width  each,  and 
one  span  of  300  feet  clear  width  of  channel  way  ;  provided, 
said  bridge  may  have  not  less  than  two  spans  of  not  less  than 
750  feet  each,  clear  width  of  channel  way,  if  thought  best,  in- 
stead of  three  spans  as  aforesaid.  The  channel  ways  are  to 
be  measured  at  right  angles  to  the  current  at  any  and  all  stages 
of  water  ;  and  said  span  or  spans  shall  not  be  0/  less  elevation 
in  any  case  than  50  feet  above  high-water  mart,  as  understood 
at  the  point  of  location,  to  the  bottom  chords  of  the  bridge, 
and  the  piers  of  the  said  bridge  shall  be  parallel  with  the  cur- 
rent of  the  river. 

The  projectors  intend  to  build  the  bridge  north  of  the  pres- 
ent bridge,  and  to  establish,  in  connection  with  it,  a  new  union 
station  for  such  railroads  as  may  use  the  bridge. 

New  Jersey  Junction  Railroad. — This  new  road,  which  is 
now  nearly  completed,  is  a  work  of  some  importance,  forming 
a  sort  of  belt  line  around  Jersey  City  and  Hoboken,  and  connect- 
ing the  lines  running  to  the  Hudson  River.  It  begins  at  Wee- 
hawken  Ferry  at  the  east  end  of  the  West  Shore  tunnel,  passes 
straight  along  the  shore,  around  King's  BlufT.  and  through  the 
stock-yard,  coal  and  oil  docks  of  the  Erie  road.  Thence  it 
runs  at  the  foot  of  the  hill  on  the  western  edge  of  Hoboken, 
ani  passes  under  the  Delaware,  Lackawanna  &  Western,  a 
little  east  of  the  east  end  of  the  tunnel  under  Bergen  Hill. 
It  then  rises  along  the  bluff,  crosses  the  Erie  road  on  an  iron 
viaduct  300  feet  in  length.  This  is  about  200  ft.  east  of  the 
east  end  of  the  Erie  Co.  tunnel  under  Bergen  Hill.  The  road 
then  descends,  and  passes  under  the  Harsimus  freight  line  of 
the  Pennsylvania  road  to  a  connection  with  the  new  main  pas- 
senger line  of  the  Pennsylvania  road,  now  in  course  of  con- 
struction. A  branch  road  connects  with  the  freight  line  near 
Sixth  and  Division  streets.  Jersey  City.  To  the  connection 
with  the  Pennsylvania  Passenger  line  the  road  is  4'/i  miles 
long.  The  Harsimus  branch  connection  is  )4  mile  long.  From 
Weehawken  to  connection  with  the  Erie  it  is  constructed  with 
three  tracks,  two  of  which  are  used  as  the  main  track,  and  the 
third  one  for  the  Erie  road's  connection  with  its  oil,  stock  and 
coal  business  of  their  Weehawken  terminal.  The  road  is  now 
completed  to  the  viaduct  over  the  Erie.  The  work  of  con- 
struction is  being  done  by  the  New  York  Central  &  Hudson 
River  Company.  From  the  Pennsylvania  tracks  to  Coni- 
munipaw  it  is  continued  by  the  National  Docks  branch  of 
the    Pennsylvania  Railroad. 

Meigs  Elevated  Railroad. — Mr.  George  Stark,  Civil  Engi- 
neer, has  made  a  report  to  the   Massachusetts   Railroad  Com- 


missioners, on  the  experimental  section  of  elevated  railroad, 
on  the  Meigs  pattern,  which  has  been  built  in  East  Cambridge., 
This  section  has  a  grade  of  120  feet  and  one  curve  of  50  feet  ra- 
dius.  It  is  equipped  with  an  engine  weighing  30  tons  and  a  pas- 
senger-car weighing  17  tons.  Mr.  Stark's  report  gives  the 
following  conclusions ; 

"The  experimental  section  of  the  Meigs  elevated  railway 
now  in  use  at  East  Cambridge  is,  in  my  opinion,  abundantly 
strong  for  its  intended  use  as  an  elevated  railway  track,  and  is 
safe  for  the  passage  of  its  equipment. 

•■  The  rolling  stock  and  motive  power  used  thereon  is  also 
strong  and  safe  for  its  intended  use,  no  breakage  having  oc- 
curred, or  being  likely  to  occur,  that  could  imperil  personal 
safety,  either  in  or  out  of  the  cars. 

"  A  line  of  railway,  properly  constructed  on  this  principle, 
for  passenger  or  freight  traffic,  and  equipped  with  such  roll- 
ing stock  and  motive  power,  on  this  principle,  as  the  Meigs 
company  is  now  prepared  to  perfect  and  build,  would,  in  my 
opinion  be,  at  least,  as  strong  and  safe  for  any  kind  of  traffic 
as  the  ordinary  surface  or  elevated  steam  railways  now  in 
common  use. 

■■  In  view,  however,  of  the  imperative  nece-sity  for  the  best 
class  of  design  and  construction  in  everything  appertaining  lo 
an  elevated  railway,  I  think  it  would  be  wise  for  the  State  of 
Massachusetts,  through  its  Board  of  Railroad  Commissioners. 
or  otherwise,  to  regulate  the  strength  and  design  of  all  mate- 
rials used  in  construction,  and  the  weight  and  design  of  equip- 
ment to  be  run.  etc." 

Logging  Railroads  in  the    United  States. — The  North- 
■uesli:rn  Luiiiberiiiuii  has  been  colleciingstatislics  as  to  railroads  t 
used  exclusively  for  logging  or  lumbering  purposes,  and  gives 
the  following  statements  : 

Number  of  Railroads 38^ 

Total  lenBth,  miles ..2,288 

Number  of  locomotives  in  use 428 

Number  of  cars  in  use 5,182 

The  total  mileage  includes  1,011  miles  of  standard  gauge 
and  1,001  miles  of  narrow  gauge.  Of  these  roads  291,  with 
1,351  miles  of  track,  are  laid  with  iron  or  steel  rails  and  use 
locomotives  ;  92  roads,  with  399  miles  of  wooden  and  38  miles 
of  iron  track,  use  animals  as  motive  power.  Most  of  the 
wooden  roads  are  temporary  affairs  only.  The  more  perma- 
nent lines  with  iron  rails  represent  a  considerable  investment 
for  construction  and  equipment. 

The  average  length  of  these  logging  roads  is  about  6  miles 
only,  but  there  are  some  of  considerable  length,  one  in  Arkan- 
sas claiming  45  miles  ;  one  in  Virginia  45  ;  onein  North  Caro- 
lina 30,  and  one  in  Michigan  36  miles. 

The  variety  of  gauges  is  great,  the  narrow-gauge  lines  in- 
cluding roads  of  24,  30,  36,  39,  42  and  45  in.  The  Lumbertnan 
counts  up  37  different  gauges  in  all.  Not  all  are  narrower 
than  standard  gauge,  however.  Washington  Territory  report- 
ing roads  1  f  7  ft.  6  in.,  8  ft.,  S  ft.  4  in.  and  9  ft.  gauge.  These 
very  wide  gauge  lines  are  all  short,  and  all,  except  one,  have 
wooden  rails,  and  are  operated  by  ox  or  mule  power. 

Michigan,  as  might  be  expected,  leads  the  list,  having  54 
roads,  with  283  miles  of  track,  60  locomotives,  and  1,370  cars. 
Georgia  is  second,  having  32  roads  with  225  miles  of  track. 
61  locomotives,  and  244  cars.  Other  States  having  a  consid- 
erable mileage,  are  :  Florida,  176  ;  South  Carolina,  170:  Penn- 
sylvania, 168  ;  Texas,  153  :  Alabama.  146  ;  Virginia,  126,  and 
California,  114  miles. 

It  must  be  remembered  that  many  of  these  logging  roads 
are  not  permanent  in  their  nature.  They  are  used  until  the 
adjoining  section  is  stripped  of  its  lumber,  then  taken  up  and 
laid  elsewhere.  Some,  ho%vever,  gradually  develop  into  per- 
manent lines,  and  are  used  for  general  business  after  their 
original  purpose  has  been  served.  This  has  been  the  case  with 
several  lines  in  North  Carolina  and  Georgia,  where  local  rail- 
roads have  grown  out  of  logging  tramways. 

Ordnance  for  the  Navy. — Commodore  Montgomery  Sic- 
ard.  Chief  of  the  Bureau  of  Ordnance,  in  his  annual  report  to 
the  Secretarv  of  the  Navy,  says  that  during  the  year  a  number 
of  the  6  in.  high-power  steel  guns  have  been  finished  and  fired 
at  the  naval  ordnance  proving  ground.  They  have  all  endured 
proof  in  a  very  satisfactory  manner,  and  over  2.000  ft.  muzzle 
velocity  was  readily  obtained  with  standard  powder  and  pro- 
jectiles and  moderate  chamber  pressures.  The  two  5-in.  guns 
for  the  Chicago  have  been  finished  since  the  last  report. 
One  has  been  fired  with  very  satisfactory  results.  The  first  8-in. 
gun  finished,  has  also  been  proved  with  the  same  results.  Chase 
and  muzzle  hoops  for  heavy  guns  have  been  made  in  the  United 
States,  and.  as  far  as  fitted,  are  satisfactory  in  quality.  The 
2-in.  guns  are  well  advanced.  Under  the  head  of  projectiles 
Commodore  Sicard  comments  upon  the  unsuitable  character 
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of  cast-iron  as  a  material  for  projectiles  intended  to  be  used 
in  high-power  guns,  and  the  failure  of  steel-makers  to  supply 
unhammered  cast-steel  shells  of  good  quality.  The  report  also 
states  that  unsatisfactory  results  have  attended  the  efforts  of 
the  Bureau  to  use  unhammered  cast-steel  for  gun-carriages, 
but  samples  have  recently  been  submitted  and  severely  tested 
with  lesults  that  encourage  persistence  in  the  effort.  Under 
the  head  of  machine  guns  and  cannon  the  report  notes  ihe  ten- 
dency abroad  to  increase  the  caliber  of  such  cannon,  and  the 
opinion  is  expressed  that  pieces  throwing  projectiles  of  20  and 
30  pounds  will  soon  be  perfected.  Cartridges  for  Hotchkiss 
guns  have  been  produced  in  this  country  which  perform  better 
than  those  made  abroad. 

Touching  the  armament  of  the  new  vessels.  Commodore 
Sicard  says  :  "  For  the  new  ships  approaching  completion  we 
have  eighteen  6-in,  and  two  5-in.  guns  finished,  and  three  6-in. 
and  five  S-in.  well  advanced,  together  with  all  the  carriages  for 
the  Athinta  and  Koston  and  all  for  the  Chicago  except  the 
8-in.  All  the  guns  of  the  secondary  batteries  and  nearly  all 
the  small  arms  have  been  provided,  and  all  the  electric  search 
lights  and  appendages.  The  mounts  for  the  secondary  bat- 
teries are  being  pressed  ;  most  of  the  powder  of  the  Atlanta 
and  Boston  is  delivered,  and  that  for  the  Chicago  will  be 
ordered  speedily.  The  equipments  of  the  unfinished  ships  are 
now  in  a  forward  state.  The  South  Boston  Iron  Works  have 
virtually  completed  the  6-in.  guns,  which  are  to  be  assembled 
and  finished  there,  and  the  two  8-in.  guns  are  being  pushed. 
The  West  Point  Foundry  has  made  good  progress  on  the  guns 
that  are  to  be  finished  there.  The  contract  of  the  Midvale 
Steel  Works  for  6-in.  forgings  is  nearly  filled,  only  a  few  re- 
maining to  be  furnished." 

As  the  third-rate  wooden  ships  last  built  are  good  examples 
of  the  best  class  of  wooden  vessels,  and  must  be  depended 
upon  to  do  most  of  the  work  of  the  navy  until  replaced  by  new 
ships,  the  report  says  it  is  desirable  that  they  should  receive  a 
modern  armament,  as  the  impression  they  produce  without  it 
is  but  slight  When  they  are  replaced,  the  armament  will 
answer  for  the  newer  vessels.  A  new  site  for  the  naval  ord- 
nance proving  ground  is  recommended  in  view  of  the  unsuit- 
able character  of  the  ground  now  in  use,  -A  class  of  21  com- 
missioned officers  and  four  gunners  received  instruction  dur- 
ing the  summer  months  on  torpedo  warfare.  The  estimates 
submitted  for  the  next  year  aggregated  $8,741,494,  including 
Si, 500,000  toward  the  armament  of  vessels  authorized,  and 
§1,086,750  for  fuel,  labor,  general  armament,  and  a  new  prov- 
ing ground. 

Arthur  Kill  Bridg-e. — The  report  of  the  Board  of  Engi- 
neers to  the  Secretary  of  War  on  the  prrposeu  bridge  over  the 
Arthur  Kill  on  the  Baltimore  &  Ohio  line  to  Staten  Island, 
is  accompanied  by  documents,  giving  in  detail  the  data  on 
which  the  report  is  based.  It  savs  that  the  amount  of  freight 
which  annually  passes  the  site  of  the  proposed  bridge  across 
the  Arthur  Kiil  will  approach  5,750,000  or  6,000,000  tons  of 
actual  freight,  an  amount  in  excess  of  the  tonnage  of  foreign 
commerce  cleared  from  New  York  for  1885.  It  is  thus  seen, 
says  the  report,  that  so  far  as  tonnage  is  concerned,  this  is  one 
of  the  great  waterways  of  this  country,  and  indeed  of  the 
world.  Of  this  vast  amount  of  freight  probably  nine-tenths  is 
in  tows,  sometimes  reaching  70  vessels  to  one  tow.  The  tows 
are  usually  made  up  of  five  vessels  abreast  and  are  eight  ves- 
sels long,  and  their  dimensions  are  100  to  125  ft.  in  width  by 
about  Sooft.  long.  Under  the  plan  submitted  by  the  Staten  I  si  and 
Rapid  Transit  Company  such  masses  of  vessels  are  to  pass 
through  a  clear  opening  between  piers  of  about  200  ft.  The 
report  says  that  the  experience  at  the  draw  at  the  mouth  of  the 
Raiitan  River,  through  which  only  about  one-third  as  much 
freight  passes  as  through  the  .Arthur  Kill,  and  which  has  207 
ft.  draw  openings,  shows  that  the  draw  at  that  place  is  a  seri- 
ous obstruction  to  navigation  and  has  caused  considerable 
losses  from  delays  and  collisions.  The  tows  to  go  north 
through  the  Arthur  Kill  pass  the  proposed  site  of  the  bridge 
while  thf  tide  is  running  flood,  and  when  any  collision  would 
produce  great  damage.  They  are  much  larger  than  those  pass- 
ing through  the  Raritan  draw,  and  it  is  impracticable  for 
these  large  tows  to  anchor  as  the  smaller  ones  do  at  the  Rari- 
tan draw.  The  board  is  therefore  of  opinion  that  if  a  bridge 
were  constructed  as  proposed,  with  a  pier  in  the  middle  of  the 
Kill,  it  would  make  necessary  a  large  reduction  in  the  size  of 
the  tows  and  the  consequent  increase  in  the  cost  of  transpor- 
tation, and  it  is  of  opinion  that  if  there  were  a  natural  obstruc- 
tion so  serious  as  a  pier  in  the  middle  of  the  stream  its  remov- 
al would  be  urgently  and  rightfully  demanded,  even  at  great 
cost.  The  obstruction  is  not  there  now,  and  should  not  be 
placed  there  to  the  injury  of  navigation  in  order  to  save  a  few 
hundred  thousand  dollars  to  the  railroad  company. 

The  proposed  bridge,  the  report  says,  is  also  of  insufficient 


height, the  lowest  part  of  the  superstructure  being  only  34  ft.  8  in. 
above  mean  low  water.  For  these  reasons  the  board  recommends 
to  the  Secretary  of  War  a  bridge  at  the  site  proposed,  the  chan- 
nel face  of  whose  east  pier  shall  be  on  the  Staten  Island  bulk- 
head or  shore  line,  and  whose  channel  span  shall  give  a  clear 
opening  of  450  ft. ;  whose  span  next  west  shall  be  a  draw  span, 
giving  125  ft.  clear  opening,  the  lowest  pans  of  these  spans 
being  50  ft.  above  mean  high  water.  The  foundations  of  the 
pier  should  be  so  arranged  as  to  admit  future  deepening  of  the 
Kill  to  20  ft.  "  Such  a  bridge  will  be  an  obstruction  and  an  in- 
convenience," the  report  says,  "  but  will  not  in  any  serious  de- 
gree increase  the  cost  of  transportation.  It  involves  some  in- 
crease of  cost  to  the  railroad  company,  but  no  more  than  it 
should  bear  rather  than  infringe  on  the  pre-existing  rights  of 
navigation." 

A  draw  on  the  proposed  Buckwheat  Island  site,  the  report 
says,  would  be  Impracticable  for  the  reason  that  ihe  channel 
has  only  6  ft.  of  water  on  one  side  and  on  the  other  side  the 
channel  is  narrower  than  at  the  site  recommended. 

No  action  has  yet  been  taken  on  this  report  by  the  Secretary. 
A  bill  has  been  introduced  in  Congress  toamend  the  act  passed 
last  year  in  accordance  withsthe  engineers'  suggestions.* 

Park  Electric  Brake.— This  brake,  which  is'to  take  part 
in  the  Burlington  trials  next  April,  was  recently  tried  on  the 
Chicago,  Burlington  &  Quincy  road.      It  is  thus  described  : 

"  A  dynamo  is  placed  on  the  locomotive,  and  is  driven  by  a 
small  independent  engine.  The  whole  affair  is  easily  detached 
from  the  locomotive  and  weighs  about  400  lbs.  Three 
wires  run  the  length  of  the  train,  and  at  each  end  of  each  car 
are  coupled  together  by  a  very  simple  device,  one  coupling 
serving  for  the  three  %vires.  The  brake  is  non-automatic,  or 
in  other  words,  does  not  apply  in  case  of  a  break-away,  but  it 
is  proposed  to  add  a  storage  reservoir  at  the  rear  end  of  the 
train,  whereby  the  conductor  could  apply  the  brake  in  case  of 
the  train  parting.  As,  however,  applied  to  the  trial  train,  the 
brake  is  non-automatic,  and  the  current  only  runs  through 
the  wires  when  the  brakes  are  being  applied  or  released  from 
the  engine.  Normally,  when  the  train  is  running,  or  standing 
with  the  brakes  off,  there  is  no  current  in  the  wires. 

"The  engineer  applies  and  releases  the  brakes  by  moving  a 
lever  on  an  electric  switch-board  on  the  engine.  The  current 
applying  the  brakes  runs  to  the  end  of  the  train  through  one 
wire  and  returns  through  the  center  wire  of  the  three  used. 
When  the  lever  on  the  switch-board  is  moved  to  the  release 
position  the  current  runs  through  the  third  wire,  releasing  the 
brakes,  and  returns  through  the  center  wire  as  before.  When- 
ever the  coupling  at  the  end  of  the  train  is  pulled  apart,  the 
wires  automatically  make  the  proper  connection  in  the  coupling, 
so  that  the  current  when  applied  will  make  a  circuit  the  length 
of  the  train  and  through  the  center  wire.  It  will  thus  be  seen 
that  the  couplings  require  little  attention.  They  are  very 
easily  coupled  by  a  single  operation,  and  the  coupling  at  the 
end  of  the  train  is  simply  allowed  to  hang  loose,  and  does  not 
require  to  be  placed  in  a  rest  or  closed  with  a  plug  or  a  stop- 
cock or  any  similar  contrivance. 

"  To  apply  the  brake  shoes,  an  eccentric  is  mounted  on  one 
axle  of  each  car.  The  end  of  the  eccentric  rod  can,  by  means 
of  pawls,  be  made  to  engage  in  ratchet  teeth  on  the  periphery 
of  a  cast-iron  drum,  carried  on  the  under-side  of  the  middle 
sills  of  the  car.  This  drum  also  carries  a  chain  which  is  attached 
to  the  brake  and  levers  in  the  usual  manner.  The  passage  of 
an  electric  current  along  the  train  causes  the  pawls  worked 
by  the  eccentric  current  rod  to  engage  the  drum,  which  con- 
sequently rotates  and  winds  up  the  chain  applying  the  brake 
shoes.  A  second  pawl  prevents  the  drum  running  back  when 
the  pawl  driven  by  the  eccentric  rod  is  moving  back  to  take  a 
fresh  stroke.  When  the  current  applying  the  brake  is  stopped 
(by  the  lever  or  the  switch-board  being  thrown  into  the  middle 
or  neutral  position),  the  applying  pawl  ceases  to  act,  but  the 
second  pawl  retains  the  brake  on.  When  the  releasing  current 
is  passed  through  the  other  wire,  this  second  pawl  is  thrown 
out  of  gear,  and  the  brakes  come  off.  It  is  probable  thatthese 
details  will  be  somewhat  modified, 

"  As  the  brake  is  applied  by  a  few  revolutions  of  the  wheel, 
the  shoes  are  full  on  in  a  very  short  space  of  time,  and  must 
be  applied  simultaneously  throughout  the  length  of  a  train, 
however  long.  The  brake  can  be  adjusted  so  as  not  to  slide 
the  wheels.  When  the  brake  is  applied  with  what  is  deemed 
sufl5cient  force,  a  small  set-screw  forms  a  contact,  and  shunts 
the  current  that  holds  the  pawl  applying  the  brakes.  This 
pawl  then  drops,  and  the  brake-chain  drum  is  no  longer  re- 
volved. The  brake  therefore  continues  to  be  applied  with  the 
proper  maximum  amount  of  force  and  is  not  released,  the 
drum  being  prevented  from  running  back  by  the  second  or  re- 
taining pawl  already  described.  This  pawl  can  only  be  lifted 
by  the  releasing  current  or  by  hand," 
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NEW  YORK,  MARCH.   1887. 

The  bills  before  Congress  appropriating  money  for  new 
cruisers  for  the  Navy,  and  those  providing  for  new  heavy 
guns  for  both  the  Navy  and  the  Army  and  for  additional 
defenses  on  the  sea  coast,  have  not  passed  nor  even  as- 
sumed final  shape  as  the  month  closes.  There  is  a  con- 
siderable difference  between  the  measures  before  the  Sen- 
ate and  the  House,  and  it  is  quite  impossible  to  predict 
what  shape  these  bills  may  receive  at  the  hands  of  con- 
ference committees,  or  what  action  may  be  taken  on  them 
in  the  hurry  of  the  last  few  days  of  the  session. 

That  some  action  may  betaken  which  will  make  it  pos- 
sible to  begin  work  on  the  new  guns  which  all  parties 
seem  to  agree  are  needed  by  the  country,  is  to  be  hoped 
for.  If  the  guns  must  be  had,  the  sooner  work  is  begun 
the  better. 

The  discussions  at  the  various  railroad  club  meetings 
■which  are  reported  elsewhere,  like  those  at  the  January 
meetings,  failed  to  bring  out  much  beyond  expressions 
of  individual  opinion.  Three  or  four  roads  were  reported 
as  additions  to  the  list  of  those  which  are  e.xperi- 
menting  with  systems  of  steam  heating,  but  nothing  new 
was  given  as  to  the  results  on  those  roads  which  have 
already  tried  such  systems.  Large  attendances  showed 
the  general  interest  felt  in  the  subject. 


The  terrible  accident  at  West  Hartford,  on  the  Central 
Vermont  Railroad,  in  which  over  40  people  were  killed, 
most  of  them  being  burned  to  death,  has  increased  the 
public  interest  in  methods  of  car  heating  which  was 
aroused  by  the  accidents  at  Republic  and  West  Spring- 
field early  in  January.  There  is  a  general  demand  for 
legislative  action  on  this  question,  and  in  several  States 
such  action  seems  to  be  imminent.  In  New  York,  reso- 
lutions have  been  passed  requiring  the  Railroad  Commis- 
sion to  investigate  the  question  and  report  to  the  Legis- 
lature. 


In  the  case  of  the  Republic  accident  the  Coroner's 

jury  has  brought  a  very  severe  verdict  against  the  railroad 
company,  charging  it  with  using  defective  machinery,  cars 
in  poor  condition  and  defective  and  dangerous  heating 
apparatus.  The  West  Hartford  disaster,  according  to  the 
Vermont  Railroad  Commissioners,  who  have  investigated 
the  accident,  was  primarily  due  to  a  broken  rail ;  the  loss 
of  life,  they  find,  was  due  chiefly,  if  not  entirely,  to  the 
burning  of  the  cars,  which  were  set  on  fire  from  the 
heaters.  The  Commissioners  recommend  the  disuse  of 
the  old  stoves  and  heaters  entirely,  and  the  substitution 
of  some  of  the  steam  heating  or  other  safety  systems. 

In  nearly  all  the  discussions  in  the  daily  newspapers 
and  elsewhere,  it  seems  to  be  assumed  that  the  only  pos- 
sible method  of  heating  cars  safely  is  by  steam  taken  from 
the  locomotive,  or  at  least  from  some  source  outside  of  the 
passenger  cars.  With  this  view,  as  has  been  heretofore 
noted,  many  railroad  men  of  experience  are  not  ready  to 
concur,  and  it  cannot  be  denied  that  their  objections  de- 
serve careful  consideration,  even  if  they  do  show  a  some- 
what too  conservative  disposition  to  condemn  new 
methods  and  to  keep  to  the  old  lines. 

That  some  action  must  be  taken  on  the  safe-heating 
question  is  evident,  and  if  the  railroad  companies  do  not 
take  it  voluntarily  the  chances  are  that  they  will  be  com- 
pelled to  do  it  by  law.  The  present  danger  is  that,  in  one 
or  several  States,  crude  measures  will  be  passed  which  will 
make  endless  trouble  for  the  railroads  and  probably  fail 
to  accomplish  their  object.  A  general  disposition  on 
the  part  of  managers  to  institute  a  reform  without  com- 
pulsion will  be  the  best  preventive  of  bad  legislation. 

The  usual  line  of  promotion  to  the  higher  offices  on 
railroads  in  this  country  has  been  either  through  the  traf- 
fic department  or  the  chief  engineer's  office;  in  the  latter 
case  an  apprenticeship  being  generally  served  in  the  trans- 
portation department,  either  as  division  or  general  super- 
intendent. There  are  very  few  cases  in  which  the  mo- 
tive power  department  has  been  called  upon,  and  the 
general  managers  or  presidents  who  have  been  through 
that  branch  of  the  railroad  service  can  be  counted  upon 
the  fingers.  The  New  York,  Lake  Erie  &  Western  Com- 
pany has  just  made  a  new  precedent  by  promoting  Mr. 
R.  H.  Soule,  its  Superintendent  of  Motive  Power,  directly 
to  the  office  of  General  Manager.  In  this  case,  however, 
the  promotion  may  be  taken,  not  so  much  as  a  concession 
to  the  importance  of  the  department,  as  to  a  recognition 
of  work  well  done,  and  thorough  equipment  for  future  ser- 
vice in  a  high  position. 

The  Brake  Committee  of  the  Master  Car-Builders'  As- 
sociation has  decided  to  hold  the  second  series  of  tests  of 
freight-train  brakes  at  Burlington,  la.,  in  May  next,  in- 
stead of  April  as  originally  intended.  The  rules  for  these 
tests  (which  will  be  found  in  another  column)  provide 
for  twelve  runs  over  the  course  with  each  train.  There 
are  ten  brakes  entered  for  the  trials,  and  if  all  of  these 
should  appear,  the  tests  will  take  between  three  and  four 
weeks,  judging  from  experience  with  last  summer's  trials. 
This  will  leave  the  Committee  but  scant  time  to  prepare 
its  report  to  be  submitted  to  the  Convention  in  June. 
May  seemed  to  be  the  more  acceptable  time  to  all  parties 
concerned,  howe\er,  and  so  it  was  fixed. 
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More  llian  lialf  ihc  work  at  the  tests  will  be  in  the  trial 
of  the  now  brakes,  which  will  then  make  their  appear- 
ance as  competitors  for  the  first  time. 

The  brakes  now  entered  for  the  test  are  the  Westing- 
house,  the  American,  the  Eames,  the  Rote,  the  Widdi- 
field  &  Button,  the  Ward,  the  Hanscom,  the  Carpenter 
Electric,  the  Waldumer  Electric  and  the  Park  Electric 
brakes. 

An  interesting  feature  in  the  brake  trials,  if  all  the 
competitors  appear,  will  be  the  presence  of  several  elec- 
tric brakes,  which  will  now,  for  the  first  time,  make  their 
appearance  at  a  public  competitive  trial  in  this  country. 
The  Park  brake  has  been  tried,  we  believe,  but  has  not 
been  shown  in  competition  with  the  older  forms  of  brake. 
The  use  of  electricity  for  this  purpose  has  many  promising 
features,  but  its  practicability  in  daily  service,  under  the 
hard  conditions  of  ordinary  freight  traffic,  has  still  to  be 
demonstrated. 

The  Brake  Committee  deserves  thanks  for  the  time  and 
work  which  its  members  have  given  and  are  still  giving  to 
these  tests,  the  most  thorough  which  have  ever  been 
made  or  even  attempted  in  this  country. 

AN    ENGINEERING    LIBRARY. 


117  VERY  American  engineer  who  is  interested  in  the 
-*— '  literature  of  his  profession,  and  especially  those 
who,  in  making  investigations,  have  had  occasion  to  make 
use  of  such  literature,  must  have  felt  the  need  of  a  good 
engineering  library.  At  present,  there  is  no  collection  of 
engineering  books  which  approaches,  even  in  a  remote 
degree,  to  being  as  complete  as  it  could  be  made  by  the 
expenditure  of  a  comparatively  small  amount  of  money. 
Quite  anuniber  of  libraries  of  engineering  books  have  been 
started,  but  all  of  them  are  still  very  fragmentary  and  in- 
complete. The  Aslor  Libraiy  has,  perhaps,  the  largest 
assortment  of  such  books  in  the  country,  but  to  supply 
the  needs  of  any  profession  a  library  should  be  controlled 
by  persons  who  know  what  those  needs  are  ;  or,  in  other 
words,  by  those  who  belong  to  the  profession  whose  mem- 
bers are  to  use  the  books. 

The  American  Society  of  Civil  Engineers  has  a  collec- 
tion of  books,  received  by  donation  and  otherwise,  which 
has  now  considerably  outgrown  the  quarters  provided  for 
it.  It  IS  constantly  increasing,  whereas  the  building  of 
the  Society,  like  the  raiment  of  a  boy,  does  not  grow.  The 
consequence  is  that  the  library  is  in  a  state  of  more  or  less 
congestion,  which  promises  to  continue  until  money  is 
forthcoming  to  extend  the  quarters  now  occupied  by  its 
owner. 

The  American  Society  of  Mechanical  Engineers  has 
also  the  nucleus  about  which  it  is  hoped  there  will  ulti- 
mately be  an  accretion  of  books  sutlicient  to  form  some 
kind  of  a  library,  and  the  Society  has  for  some  time  past 
had  under  consideration  measures  looking  to  the  founda- 
tion of  a  collection  of  books  for  the  use  of  its  members. 

Some  time  ago,  a  move  was  made  simultaneously  in  the 
two  Societies  in  the  American  Institute  of  Mining  Engi- 
neers and  in  the  Society  of  Electrical  Engineers  to  create 
a  '■joint  library"  for  the  use  of  those  and  other  kindred 
organizations.  Committees  were  appointed  and  several 
meetings  were  held,  and  the  matter  was  discussed  at 
considerable  length.  It  was  also  proposed  at  these 
meetings    that    there    should    be   a    building    provided 


in  which  some,  if  not  all,  the  Societies  interested  in 
the  library  could  each  have  rooms  suitable  for  their 
uses.  The  members  of  the  joint  committee  were  unani- 
mous that  a  library  and  a  building  for  the  accommo- 
dation of  the  Societies  were  very  much  needed,  and  the 
proceedings  of  the  committee  meetings  consisted  chiefly 
of  remarks  in  which  the  desirability  of  the  end  proposed 
was  emphasized.  But,  alas,  saying  and  feeling  how  much 
a  thing  is  needed  does  very  little  to  create  what  is  wanted. 
No  delinite  plan  of  cooperation  among  the  Societies  was 
proposed.  If  a  building  is  erected,  the  title  and  owner- 
ship must  be  vested  in  some  person  or  persons  authorized' 
and  qualified  to  act  in  that  capacity.  If  four  Societies 
combine  to  own  property,  how  shall  the  title  be  held  .' 
If  they  undertake  to  establish  a  library,  how  shall  it  be 
managed  ?  No  very  definite  scheme  was  suggested  to 
meet  these  difficulties,  and  it  now  seems  very  doubtful 
whether  any  other  action  will  be  taken  by  the  joint  com- 
mittee to  accomplish  the  ends  for  which  it  was  created. 

The  need  of  a  good  engineering  library  is  as  great  or 
greater  than  ever.  All  the  impressive  remarks  which 
were  made  at  the  committee  meetings  on  the  importance 
and  value  of  a  good  library  are  as  true  now  as  they  were 
when  they  were  made.  The  problem  is  to  devise  some 
practicable  scheme  of  organization  for  the  creation  of  such 
a  collection  of  books  as  is  wanted.  A  general,  vague  and 
indefinite  scheme  will  not  do — it  must  be  a  plan  which 
will  indicate  the  next  step  which  should  be  taken,  and 
that  and  successive  steps  must  lead  i^  the  desired  end. 
Now,  who  can  devise  such  a  scheme  .' 

It  does  not  seem  probable  that  there  would  be  difficulty 
in  getting  money  or  books  for  such  a  library.  There  are 
so  many  men  in  engineering  occupations  who  are,  and 
others  who  will  be,  rich  that  there  will  be  no  lack  of 
means  in  the  hands  of  those  interested  in  a  such  a  scheme. 
There  can  be  very  little  doubt,  too,  that  a  considerable 
number  of  such  persons  would  be  inclined  to  contribute, 
either  by  bequest  or  otherwise,  for  the  creation  of  an 
engineering  library,  if  one  was  organized  on  a  basis,  and 
its  management  entrusted  to  hands  which  would  ensure 
that  money  contributed  would  be  wisely  expended  for  the 
furtherance  of  the  objects  for  which  it  was  intended. 
One  difficulty  is,  that  a  library  must  have  a  building  to 
hold  it.  If  this  is  ever  provided,  one-half  the  work  is 
accomplished.  It  has  not  yet  been  announced  what  plans 
the  trustees  of  the  magnificent  bequest  of  Mr.  Tilden,  for 
a  public  library,  have  made  for  carrying  out  the  purpose 
for  which  the  money  was  left.  It  would  seem,  though,  as 
it  would  be  a  proper  use  of  a  part  of  it,  if  the  trustees 
should,  in  erecting  a  building,  arrange  it  so  that  a  portion 
could  be  devoted  to  the  reception  and  care  of  a  technical 
library  of  books  relating  to  the  useful  arts,  which  would, 
of  course,  include  engineering.  If  this  were  done  and  the 
trustees  would  agree  to  assume  the  care  of  books  con- 
tributed to  this  section,  the  engineering  societies  could 
then  solicit  contributions  for  the  purchase  of  books  re- 
lating to  their  own  specialties,  with  an  understanding 
that  the  money  thus  contributed  should  be  expended 
under  the  direction  of  a  permanent  library  committee 
consisting  of  members  appointed  from  each  Society. 

The  coinmiitee  could  be  instrumental  in  soliciting  con- 
tributions for  engineering  books,  either  by  bequest  or 
donation,  and  could  indicate  the  deficiencies  of  the  library 
and  the  needs  of  the  profession.  With  such  an  arrange- 
ment  more  could   be  accomplished  with   the   Tilden  be- 
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•  liicst  and  with  the  LOiitrihiitions  for  an  cnjiinetTiiifj 
library,  than  fither  would  alone.  The  Tildcn  trustees 
would,  in  ellect,  say  to  engineers  and  others,  "we  will 
furnish  a  suitable  place  and  assume  the  care  of  books  re- 
lating to  your  occupations,  if  you  will  supply  the  books  ;  " 
and  the  joint-library  committee  would  announce  that  con- 
tributions were  needed  for  books  in  any  given  department 
or  for  special  purposes  which  they  might  indicate,  and 
that  the  committee  would  direct  the  expenditure  either 
as  its  own  members  might  think  best  or  in  accordance 
with  the  instructions  of  the  donors.  The  committee 
could  solicit  and  receive  contributions,  suggest  bequests 
to  the  living,  and  take  care  of  what  might  be  bequeathed 
by  the  dead.  It  seems  quite  certain  that  a  plan  of  this 
kind  would  insure  a  continuous  and  rapid  growth  to  a 
technical  library,  without  any  e.xpenditure  on  the  part  of 
the  Tilden  trustees,  excepting  that  required  for  the  hous- 
ing and  care  of  the  books. 


STEEL  FOR  HEAVY  GUNS. 

'  I  '  HE  discussion  on  this  subject,  which  was  elicited  by 
•^  the  paper  of  Mr.  Dorsey,  read  at  the  meeting  of  the 
United  States  Naval  Institution  held  in  Annapolis  in 
January,  has  attracted  much  attention,  owing  in  part  to 
the  proposed  large  appropriations  by  Congress  for  the 
manufacture  of  ordnance.  Mr.  Dorsey  is  a  civilian 
engineer  and  showed  courage,  perhaps  temerity,  in  sub- 
mitting his  views  for  criticism  by  naval  and  military 
experts.  His  paper  may  be  briefly  summarized  as  follows  : 
"  The  treacherous  and  capricious  qualities  of  steel  increase 
with  its  tensile  strength  and  the  size  of  the  piece.  -Steel 
of  a  small  size  will  have  greater  tensile  strength  than 
that  of  a  large  size  if  the  work  on  each  is  the  same. 
Hard  steel  is  too  unreliable  to  be  used  in  its  natural  state, 
in  large  pieces,  for  any  kind  of  structural  work,  and  the 
great  improvement  reported  in  the  working  qualities  of 
hard  steel,  caused  by  the  oil  bath  on  large  pieces,  have  not 
been  conclusively  demonstrated,  therefore,  hard  steel 
should  not  be  used  for  the  large  guns.  By  the  use  of 
many  and  thin  hoops  or  cylinders  of  mild  steel,  properly 
built  up  and  proportioned,  a  gun  can  be  made  that  will  l>e 
at  all  times  safe,  reliable  and  unfailing.  If  hard  steel,  or 
steel  of  high  tensile  strength,  in  thick  hoops,  is  used, 
the  gun  will  be  more  costly  and  of  greater  theoretical 
strength,  but  practically  much  weaker,  and  will  fail  when 
least  expected  and  without  any  apparent  cause  or  reason." 
Copies  of  the  paper  were  sent  to  the  friends  and  sup- 
porters of  the  author,  as  well  as  to  other  steel  manufac- 
turers and  ordnance  experts  who  were  invited  to  be  pres- 
ent or  to  communicate  their  views.  The  result  is  a 
discussion  of  much  interest  which  has  been  published  in 
the  "Proceedings  '  of  the  Institute  and  occupies  125 
pages  of  the  volume. 

A  number  of  eminent  civilians  concur  in  the  views  of 
Mr.  Dorsey.  but  evidences  of  dissent  begin  to  manifest 
themselves  as  soon  as  we  reach  the  discussion  of  the 
paper  by  expert  manufacturers  of  steel  and  ordnance. 
Thus,  Mr.  Wellman  of  the  Otis  Iron  &  Steel  Company 
says  Mr.  Dorsey 's  argument  is  "  that  because  mild  steel 
has  been  proved  to  be  the  best  material  for  structural  pur- 
poses and  for  steam  boilers,  therefore  it  is  the  best  for 
heavy  guns.  The  kind  of  strain  put  upon  steel  boiler- 
plates and  structural  material  is  of  an   entirely  different 


kind  frotn  that  to  which  gun  steel  is  subjected,  the  former 
having  to  withstand  nothing  but  steady  loads,  while  the 
latter  is  continually  subjected  to  shocks,  and  these  of  the 
most  severe  kind.  *  *  *  It  has  been  repeatedly  proved 
by  many  experiments  with  both  kinds  of  steel  that  pis- 
ton rods  of  steam  hammfers  made  of  hard  steel,  and  that 
above  o  ;o  per  cent,  in  carbon,  stand  many  times  longer 
than  soft  steel,  and  that  the  softer  the  steel  the  shorter 
the  life  of  the  rod." 

Lieut.  Ingersoll,  Head  of  Department  of  (Jrdnance  and 
Gunnery,  U.  S.  N.  A.,  called  attention  to  the  fact  that  "  in 
bridge  and  boiler  construction  the  tensile  strength,  com- 
bined with  an  assumed  factor  of  safety,  limits  the  load  the 
structure  is  calculated  to  stand,  and  this  one  quality  is 
always  kept  in  view.  With  gun-makers,  however,  the 
tensile  strength  is  not  considered  at  all  in  the  design  of  a 
gun,  but  the  elastic  strength  and  the  ductility — or  elas- 
ticity if  you  please — of  the  metal  within  its  elastic  limit. 
Therefore,  the  elastic  strength  or  the  ability  of  a  gun  to 
resist  permanent  deformation,  and  not  its  tensile  strength 
or  its  ability  to  resist  fracture,  is  the  quantity  which  limits 
the  safe  load  with  an  assumed  factor  of  safety.  *  *  * 
Simply  giving  the  tensile  strength  of  a  metal  really  tells 
very  little  about  its  fitness  for  gun  construction.  *  *  * 
We  seek  a  metal  which  has  a  large  percentage  of  elastic 
elongation,  or  elongation  within  the  elastic  limit,  which 
characteristic  aids  the  metal  to  lesist  the  vibrating  strain 
to  which  it  is  subjected." 

Lieut.  Ingersoll  also  called  attention  to  experiments 
with  oil  tempering,  showing  that  such  experiments  as 
have  been  made  go  to  show  that  its  effect  is  undoubtedly 
felt  throughout  the  mass 

Mr.  Jas.  Morgan,  Jr.,  Chief  Engineer  of  the  Cambria 
Iron  and  Steel  Works,  said  that  the  author's  remarks  as 
to  oil  tempering  may  be  taken  as  an  expression  of  opin- 
ion from  one  somewhat  uninformed  on  the  subject,  and 
that  the  ordnance  tests  show  the  cooling  effect  will  pene- 
trate to  the  center  of  the  largest  gun  hoops,  with  very 
trifling  differences  in  hardness  between  the  interior  and 
outside  corner.  He  also  said  the  carbon  or  hardness  of 
locomotive  and  car-tire  steel,  is  not  less  than  approved 
gun  steel.  Rails  0.30  to  0.40  carbon,  axles  0.30  carbon,  and, 
many  other  things,  are  by  no  means  mild  steel. 

Lieut.  Austen  M.  Knight.  U.  S.  N.,  in  charge  of  the 
Naval  Proving  Grounds,  Annapolis,  said  that  the  author 
of  the  paper  believes  that  steel  of  this  tensile  strength 
cannot  be  made  reliable  and  uniform  ;  that  it  is  and  must 
be  treacherous.  In  this,  he  differs  from  nearly  every  firm 
in  the  world  which  has  had  experience  in  the  manufacture 
of  steel  in  large  massi  s. 

Generally,  it  may  be  said  that  the  experts  in  the  con- 
struction of  ordnance  dissented  from  the  views  set  forth 
in  Mr.  Dorsey 's  paper,  while  those  who  agreed  with  him 
had  no  special  knowledge  of  the  subject.  The  discussion 
IS  of  very  great  interest  at  the  present  time,  but  it  shows 
how  dangerous  it  usually  is  for  one  who  is  not  an  expert 
on  a  subject  of  this  kind  to  undertake  to  impart  instruc- 
tion to  those  who  are. 

A  CORRECTION. 

/^^NE  of  our  cotem|)oraries  has  good-naturedly  called 
^-^^  attention  to  an  error  in  our  article  on  Heating  Rail- 
road Cars,  in  the  February  number  of  the  Journal.  On  the 
assumption  that  a  Baker  hea.ter  has  56  square  feet  of  heat- 
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ing  surface,  it  was  calculated  that  twelve  cars  would  have 
a  total  of  67.2  square  feet,  from  which  it  was  erroneously 
deduced  i\\a.t  firohably  less  than  a  half  of  one  per  cent,  of 
the  capacity  of  the  locomotive  boiler  is  required  to  heat 
a  train  of  twelve  cars.  The  error  consisted  in  inadvert- 
ently taking  the  heating  surface  of  the  boiler  at  12,000 
instead  of  1,200  square  feet,  and  the  percentage  should 
have  been  "  probably  less  than  5  per  cent."  instead  of  a 
half  of  I  per  cent.  It  is  not  asserted  that  these  figures 
represent,  even  appro .ximately.  the  actual  proportion  of 
the  boiler  capacity  required  to  heat  a  train  of  cars.  They 
indicate,  though — and  that  is  all  that  was  intended — that 
only  a  small  fraction  of  the  boiler  capacity  is  required  to 
heat  cars.  Our  cotemporarj'  tries  to  prove,  and  it  is  not 
disputed,  that  "  from  2^  to  y/i  per  cent,  of  the  total  sup- 
ply of  steam  is  needed  for  heating."  But  what  does  it 
mean  by  the  following  sentence :  "  The  same  result,  in 
substance,  is  reached  by  remembering  that  more  square 
feet  of  grate  surface  an  engine  can  comfortably  burn  80 
to  100  pounds  of  coal  per  hour,  or  1,360  to  1,700  pounds, 
and  computing  the  horse-power  from  that  at  3  to  4  pounds 
per  hour." 

NEW   PUBLICATIONS. 

"Treatise  on  the  Theory  of  the  Construction  of 
Helicoidal  Oblique  A^ch^s."— By  John  L.  Ctdley, 
C.  E.     Van  Nostrand's  Science  Series,  No.  87, 

The  volume  before  us  treats  of  a  subject  which  is  gen- 
erally regarded  as  a  kind  of  bugbear  by  the  constructing 
engineer.  Skew  arches,  which  came  into  existence,  or, 
at  least,  into  frequent  use,  with  the  introduction  of  rail- 
roads, have  been  and  still  are  avoided  in  every  way 
possible ;  but  cases  occur  when  no  contrivance  nor  in- 
genuity can  excuse  the  necessity  of  an  oblique  crossing, 
and  a  skew  bridge  then  becomes  inevitable.  The  intro- 
duction of  girders  has  overcome,  in  great  measure,  the 
difficulties  of  such  cases,  and  it  is  safe  to  say  that,  in 
the  future,  very  few  oblique  crossings  will  be  made  on 
masonry  arches.  But,  here  again,  occasions  will,  from 
time  to  time,  present  themselves  when,  for  one  reason  or 
another,  it  is  considered  preferable  to  use  stone  or 
brick  rather  than  iron  or  steel,  and  the  engineer  or 
architect  should  certainly  be  prepared  to  meet  such  emer- 
gencies. 

In  Mr.  Culley's  little  volume,  one  system— the  helicoi- 
dal— of  designing  and  constructing  such  arches  is  mainly 
dwelt  upon,  although  some  space  is  allotted  to  the  con- 
sideration of  the  logarithmic  method  also.  The  latter  we 
take  to  be  the  same  as  the  orthogonal  method  of  the  French 
constructors.  Which  preceded  the  other  in  point  of  date 
of  invention,  we  confess  we  do  not  know,  but  one  would 
imagine  that  the  helicoidal  grew  out  of  the  effort  to  sim- 
plify the  logarithmic  by  substituting  straight  lines  for 
curves  in  the  development  of  the  soffit.  Naturally,  the 
latter  is  the  more  perfect  and  scientific  method  ;  there 
are  limitations  to  the  use  of  the  former  in  the  case  of  full- 
centered  arches,  which  can,  however,  be  overcome,  Mr. 
Culley  tells  us,  by  means  of  special  construction  of  the 
wing  walls.  It  would  have  been  useful  to  explain  and  illus- 
trate such  special  construction.  He  enunciates  a  perfectly 
sound  principle  when  he  states  that,  for  a  considerable  de- 
gree of  obliquity,  segmental  arches  are  far  preferable  to  full- 
centered  ones.  Indeed,  the  flatter  the  segment,  the  more 
nearly  the    helicoidal    system   approaches   mathematical 


correctness,  the  limit  being  reached  in  the  plate  bandt, 
where  the  soffit  of  the  natural  arch  is  the  same  as  its 
development. 

In  his  remarks  upon  centering  for  skew  arches,  Mr. 
Culley  does  not  enforce  the  importance  of  its  being  par- 
ticularly solid  and  well  braced.  This  is  absolutely  neces- 
sary, in  order  that  it  may  stand  the  various  false  strains 
to  which  it  will  be  exposed.  This  adds  considerably  to 
the  cost,  and  we  may  here  observe  that  we  cannot  con- 
sider the  comparison  which  Mr.  Culley  makes  between 
the  cost  of  skew  and  right  arches  as  complete.  The 
extra  waste  in  getting  out  the  voussoirs  is  a  comparatively 
small  item.  We  think  a  more  serious  source  of  increased 
expense  will  be  found  in  the  fact  that  the  cutting  and 
laying  of  stones  with  warped  surfaces  is  a  specialty,  and  not 
only  requires  the  employment  of  men  drawn  from  a  rela- 
tively small  class,  but  demands  also  more  time  and  care 
than  is  called  for  in  straight  work. 

Mr.  Culley  appears  to  us  to  be  somewhat  hasty  in  his 
sweeping  condemnation  of  echeloned  ribs  as  a  means  of 
effecting  a  skew  crossing.  Some  admirable  specimens  of 
bridges  constructed  upon  this  principle  exist  in  France, 
built  by  engineers  of  high  standing.  If  securing  great 
strength  with  the  minimum  of  expenditure  be  a  test  of 
good  engineering,  then  certainly  the  bridge  carrying  the 
Chemin  de  Fer  de  I'Ouest  over  the  Chartres  highway,  built 
in  this  way,  must  be  considered  as  reflecting  great  credit 
upon  its  designer.  Monsieur  Boucher.  We  believe  this 
method  owes  its  origin  to  the  recognition  of  the  com- 
parative weakness  of  skew  arches  with  high  rise  and  great 
obliquity.  In  the  bridge  just  mentioned,  the  span  on  the 
square  is  9  meters,  and  the  rise  5— a  semi-ellipse,  in  fact, 
with  the  minor  axis  for  span.  The  angle  of  skew  is  36°. 
How  should  we  design  and  builu  a  helicoidal  arch  with 
these  data.' 

So  much  for  what  may  be  termed  "adverse  criticism." 
It  is  pleasanter  to  be  able  to  say  that  Mr.  Culley's  clever 
little  volume  is  likely  to  prove  very  useful  to  those  who 
have  occasion  to  qualify  themselves  in  the  matter  of  skew 
arches.  It  would  be  too  much  to  say  of  it  that  it  clears 
away  all  the  difficulties  of  the  subject ;  the  fact  that  the 
art  of  properly  laying  down  the  lines  of  such  structures 
cannot  be  reduced  to  a  general  routine,  but  must  vary 
with  almost  every  particular  case,  precludes  the  possibility 
of  doing  this  by  book.  But  the  present  volume  will  be 
found  of  great  help,  and  contains  much  which  we  do  not 
think  can  be  readily,  if  at  all,  found  elsewhere.  For  the 
rest,  we  quite  agree  with  Mr.  Dobson  ("  Masonry,"  Weale's 
Series,  No.  25)  that  the  best  way  to  get  a  full  realization 
of  the  principles  of  the  oblique  arch  is  by  constructing  a 
model. 

It  is  a  pity  that  the  otherwise  neat  pages  of  this  book 
should  be  marreJ  by  a  number  of  misprints. 


"  The  Theory  and  Practice  ok  Surveying."— /Jw^'wrf 

for  the  use  of  Surveyors  and  Engineers  generally,  and 

especially  for  the  use  of  students  in  engineering.     By  J. 

B.  fohnson,  C.  E.,  Professor  of  Civil  Engineering  in 

Washington   University,  St.  Louis,  Mo.     New  York  ; 

John  Wiley  &  Sons,  1886. 

This  octavo  volume  of  683  pages  endeavors  to  cover 

the  entire  field  of  the  science  and  art  of  surveying,  first, 

by  describing  the  construction,  use  and  adjustment  of  all 
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kinds  of  instruments:  and,  secondly,  by  presenting  the 
methods  for  the  execution  of  land,  topographical,  railroad, 
hydrographical,  mining,  city  and  geodetic  surveys.  Each 
of  these  departments,  indeed,  is  a  science  by  itself,  to  the 
detailed  development  of  which  a  volume  miglit  be 
devoted,  and  the  author,  in  endeavoring  to  compass  them 
all  in  a  single  book,  has  undertaken  a  heavy  task.  In 
general,  however,  it  may  be  said  that  the  task  has  been 
well  performed,  and  that  the  book  is  likely  to  be  a  ser- 
viceable one  to  engineers,  although  much  might  have 
been  gained  by  excluding  a  few  of  the  special  topics  and 
devoting  the  space  thus  saved  to  the  elaboration  of  others. 
This  is  particularly  true  in  regard  to  railroad  surv  eying. 
the  chapter  on  which  covers  but  twelve  pages,  and  which 
gives  but  a  very  general  and  imperfect  description  of  the 
methods  of  railroad  location.  The  same  may  be  said  in 
regard  to  the  subjects  of  the  mean  velocity  of  rivers  and 
the  gauging  of  streams  by  means  of  weirs,  to  which  the 
author  devotes  part  of  a  chapter.  What  is  presented  on 
the>e  matters  is,  of  course,  valuable  to  those  who  have  no 
other  source  of  information,  but  it  is  possible  that  a  de- 
pendence upon  this  alone  might  exemplify  the  maxim  that 
a  little  knowledge  is  a  dangerous  thing. 

The  first  part  of  the  book,  171  pages,  is  devoted  to  sur- 
veying instruments.  The  methods  for  the  adjustment  of 
instruments  are  stated  very  clearly  and  satisfactorily,  and 
the  explanations  given  of  the  reasons  for  the  operations 
will  prove  valuable  to  students,  who  are  too  often  apt,  as  the 
author  remarks,  to  memorize  the  methods  without  under- 
standing the  rationale  of  the  process.  We  have  not  been 
able  to  find  any  delmition  of  the  term  "  line  of  collima- 
tion,"  which  should,  of  course,  be  clearly  understood  by 
the  student  before  attempting  the  adjustments  which 
relate  to  it. 

The  chapters  on  land  and  topographical  surveying  are 
excellent  and  thorough.  The  remarks  in  regard  to  the 
precautions  to  be  taken  to  ensure  precision  and  in  regard 
to  allowable  limits  of  error  are  suggestive  and  valuable, 
and  form  a  distinctive  feature  of  the  book.  Surveys  are 
not  merely  to  be  made  and  plotted,  but  they  are  to  be 
made  so  as  to  satisfy  certain  conditions  of  precision  and 
economy.  The  old  text-books  gave  us  merely  the  mathe- 
matical methods,  leaving  the  student  to  learn  in  the 
school  of  experience  the  degrees  of  accuracy  which  should 
be  required  in  different  classes  of  work,  but  the  modern 
method,  as  exemplified  by  Professor  [ohnson,  is  in  all  re- 
spects more  advantageous.  The  use  of  the  steel  tape,  for 
instance,  is  scarcely  alluded  to  by  most  text-books, 
although  it  has  long  been  extensively  employed  in  all 
classes  of  work  :  but  the  volume  before  us  makes  it  the 
main  instrument  for  the  measurement  of  lines,  and  gives 
a  thorough  explanation  of  the  manner  in  which  it  may  be 
used  to  measure  a  base  line  with  a  high  degree  of  pre- 
cision. 

One  of  the  longest  chapters  in  the  book  is  that  on 
geodetic  surveying,  which  attempts  to  cover  not  merely 
the  general  theory  and  field  work,  but  also  the  astronomi- 
cal operations  for  the  determination  of  time,  azimuth. 
latitude  and  longitude.  Probably  the  author  has  not' 
given  sufficient  space  to  these  topics  to  meet  the  demands 
of  geodetic  observers,  as  large  volumes  have  been  written 
entirely  devoted  to  field  astronomy.  The  adjustment  of 
angles,  quadrilaterals  and  triangulation  systems  can  also 
be  scarcely  presented  with  satisfaction  without  previous 
explanation  of  the  method  of  least  squares.     For  the  use 


of  students  in  engineering  schools,  however,  the  chapter 
seems  well  adapted  as  an  introduction  to  the  subject. 
The  author's  suggestion  that  the  helioscope  may  be  im- 
proved hy  the  omission  of  one  of  the  disks,  would  prob- 
ably not  stand  the  test  Qtf  actual  trial  unless  the  operator 
were  an  expert  of  high  attainments. 

In  the  computation  of  earthwork  the  prismoidal 
formula  is  closely  followed  as  should  lie  the  case,  and  a 
table  is  given  for  the  deduction  of  solidities  directly  from 
the  field  notes  of  cross-sections.  The  chapter  on  city 
surveys,  by  Mr.  William  Bounton,  City  Surveyor  of  St. 
Louis,  emphasizes  the  fact  that  the  common  methods  of 
land  surveying  are  entirely  inedequate  in  cities,  and  gives 
much  valuable  information  in  regard  to  monuments, 
standards  of  measure  and  discrepancies  in  records.  The 
subject  of  mine  surveying  is  well  treated  in  the  space  of 
23  pages.  On  the  whole,  this  volume  gives  more  of  the 
practice  of  surveying  than  any  other  with  which  we  are 
acquainted,  while  the  theory  is  also  well  presented. 
The  arrangement  of  the  work  seems  better  adapted  for 
the  use  of  engineers  than  for  a  students'  text  book,  al- 
though it  will  doubtless  prove  more  advantageous  for  the 
latter  purpose  than  any  other  book  which  attempts  to 
cover  all  departments  of  surveying. 


■'Safe  Railway  Working." — A  Trfatisc  on  Railway 
Accidents,  their  Causes  and  Preventions,  wit/i  a  De- 
scription 0/  Modern  Appliances  and  Systems. — By  Clem- 
ent E.  Stretton,  C.  E.  London  :  Crosby.  Lockw<jod  & 
Co. 

The  author  of  this  book  is  the  Vice-President  and  Con- 
sulting Engineer  of  the  Amalgamated  Society  of  Railway 
Servants  of  England,  an  association  corresponding  some- 
what with  the  Brotiierhood  of  Locomotive  Engineers 
in  this  country,  although  the  two  organizations  differ  a 
good  deal  in  the  classes  of  persons  included  in  their  mem- 
bership and  in  the  objects  aimed  at  by  them.  The  author 
alsosa)S  that  "  it  is  his  duty  to  examine,  consider,  and 
report  upon  the  circumstances  attending  every  accident, 
and  the  new  (jr  improved  safety  appliances  necessary  to 
prevent  such  occurrences  in  future."  How  many  of  the 
railro.id  manrigers  and  master  mechanics  would  open  their 
e.es  if  the  Brotherhood  of  Locomotive  Engineers  should 
appoint  some  competent  person  to  represent  their  organ- 
ization in  a  similar  way. 

In  tlie  first  chapter  Mr.  Strett'in  gives  suggestions  lor 
safe  railway  working,  some  of  which  would  be  quite  im- 
practicable in  this  country,  and  the  wisdom  of  some 
others  would  be  disputed  by  managers  here. 

-As  an  example,  his  second  suggestion  is  that  "all  rail- 
ways ought  to  be  worked  on  the  absolute  block  system 
strictly  carried  out,  so  that  no  two  trams  of  any  kind  shall 
ever  be  in  one  section  at  one  time."  It  will  be  a  long 
time  before  this  suggestion  is  adopted  on  all  American 
roads. 

The  first  chapter  is  succeeded  by  the  inevitable  histori- 
cal one  that  most  writers  seem  to  think  is  essential  in 
every  technical  book.  In  this  case  it  is  a  history  of  per- 
manent way.     Its  omission  would  improve  the  book. 

The  third  chapter  is  on  Railway  Signaling  and  con- 
tains a  description  of  the  block  and  interlocking  systems. 
It  is  very  doubtful,  though,  whether  any  oncunacquainted 
with  these  systems,  would  be  able  to  understand  either  of 
them  from  the  descriptions  in  Mr.  Stretton's  book.     He 
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has,  for  years  past,  been  an  indefatigable  writer  lor  the 
newspapers.and  it  seems  as  though  he  had  taken  a  col- 
lection of  desultory  articles  relatins;;  to  accidents,  and 
made  a  book  of  them. 

A  chapter  is  devoted  to  Brakes,  another  to  the  Report 
and  Awards  of  the  Jurors  of  the  Coupling  Trials  held  at 
the  Nine  Elms  Goods  Yard  of  the  London  &  South- 
western Railway  last  March. 

The  last  chapter  is  devoted  to  Railway  Servants  and 
ihi-  Law.  Mr.  Stretton  has  done  some  good  work  in 
defense  of  the  members  of  the  Amalgamated  So  iety 
against  the  improper  or  unjust  administration  of  the  law 
in  cases  of  accident.  He  cites  numerous  cases  in  which 
injustice  either  had  been  done  or  was  threatened  to  mem- 
bers of  the  Society,  who  were  protected  bv  its  interven- 
tion in  their  behalf.  That  railroad  employes  sometimes 
need  to  be  defended  in  this  country  in  similar  cases  is 
probably  true,  although  recent  events  have  shown  that 
corporations  as  often  req.;ire  to  be  defended  from  their 
employes. 

Persons  interested  in  railroad  operation  will  tind  Mr. 
Stretton's  book  very  interesting  and.  to  some  extent,  in- 
structive reading,  but  it  belongs  to  a  class  of  books  which 
leads  a  reviewer  to  wonder  why  the  author  took  so  much 
trouble  to  make  it  as  good  as  it  is,  and  then  did  not  make 
it  much  better. 

BOOKS  RECEIVED. 

■■Indian  Enginkering  ;  "  Volume  \.  Nos.  1,  2  and  3 
Published  in  Calcutta.  India;  Pat.  Doyle,  C.  E.,  editor. 

"  Report  of  Proceedings  of  the  Nineteenth  Annual 
Convention  of  the  American  Railway  Master  Mechanics' 
Association." 

"  Report  of  the  Proceedings  of  the  Twentieth  Annual 
Convention  of  the  Master  Car-Builders'  Association." 


was  successful  at  the  b;u".  iind  when  still  a  \oung  man  wa- 
appointed  Judge  of  the  superior  Court.  Alter  his  retires 
ment  from  the  Court  he  entered  actively  into  politics  and 
held  se\  eral  otrices,  including  those  of  Collector  of  the 
Port  of  Bo.stnn  and  United  States  Mmister  to  Venezuela. 
In  June,  iHyg.  Judge  Ru.ssell  was  appointed  Railroad 
Commissioner  by  Governor  Talbot,  to  succeed  Mr.  Charles 
I'Vancis  Adams.  Jr.  He  was  the  lawyer  member  of  the 
Commission  and  as  such  did  his  full  share  of  its  work, 
although  his  previous  training  and  experience  did  not 
enable  him  to  fully  replace  his  predecessor,  under  whose 
leadership  the  Massachusetts  Commission  attained  so  high 
a  reputation.  Judge  Russell  was,  however,  a  faithful 
member  of  the  Board  and  performed  his  duties  carefully 
and  intelligently.     His  death  was  caused  by  pneumonia. 


Contributions. 

The  Faiight  Car  Chill. 
To    THE    EDI'IOR   of   THE    RAILROAD   &    EnGI  .N  EF.RING 

Journal:  On  page  89  of  the  February  number  of  your 
journal  the  statement  is  made  that,  when  many  years 
ago  1  invented  an  improvement  in  car-wheel  chills,  I 
had  mainly  in  view  the  prevention  of  the  "disintegration 
of  the  inner  surface  of  the  chill  by  -.awing  its  face  into 
many  sections."  This  statement  is  incorrect;  the  chill 
invented  by  me  in  1S76  was  intended  not  so  much  to  im- 
prove the  chill,  as  to  improve  the  chilling  effect  on  the 
wheel  itself.  The  chill  was  called  by  me  at  that  time  "a 
coniractirg  chill  "  and  acted  substantially  as  such.  The 
product  from  that  chill,  exhibited  at  the  Centennial  Ex- 
hibition was  noted  for  its  uniform  and  superior  chill. 
Luther  R.  Faught. 
Phiiaukli'HIa.  Februarv  16.  1887. 


Tractive  Po'wer  of  Locomotive 


OBITUARY. 

William  VVillakd  Wilson,  Engineer  and  Superin- 
tendent of  the  Yonkers  (N,  Y.)  Water  Works  and  City 
Surveyor,  died  on  February  7,  in  the  47th  year  of  his 
age.  He  was  born  in  New  York  City,  but  his  parents 
moving  to  Havana  he  was  there  educated  as  a  civil  engi- 
neer. Mr.  Wilson  was  appointed  City  Engineer  of  Yon- 
kers in  1874.  and  prepared  plans  of  the  water  works,  on 
which,  after  some  opposition,  the  works  were  .finally  built. 
Mr.  Wilson  was  a  member  of  the  American  Society  of 
Civil  Engineers,  having  joined  the  Society  January  5, 
1870. 

M.  Blaviek,  whose  death  in  Paris  recently  is  announced, 
was  one  of  the  most  distinguished  French  electricians, 
Chief  Inspector  of  the  French  telegraph  lines.  Director  at 
the  School  of  Telegraphy  and  Vice-President  of  the 
International  Society  of  Electricians.  M.  Blavier  was 
one  of  the  promoters  of  the  Paris  Congress,  in  1881, 
where  the  absolute  system  of  measurement  for  electrical 
and  magnetic  magnitudes  was  adopted.  His  books  on 
Telegraphy  and  on  the  Absolute  System  of  Measurement 
are  justly  considered  standard  contributions  to  science. 
His  experimental  researches  have  also  been  fruitful  of 
important  results,  and  one  of  the  last  series  of  experi- 
ments undertaken  was  in  connection  with  earth  currents 
and  was  carried  out  with  the  assistance  of  Prof.  Mascart. 


Judge  Thoma.s  Russell,  Chairman  of  the  Massachu- 
setts Railroad  Commission,  died  at  his  residence  in  Boston, 
February  9.  He  was  born  in  Plymojth,  Mass.,  in  1825, 
graduated  from   Harvard  College  and  studied  law.     He 


Editor  oi-  ihe  Railroad  and  Engineering  Jour- 
nal :  There  has  been  considerable  interest  taken  in  the 
fact  that  locomotives  can  pull  more  than  the  Pambour 
formula  shows  is  possible.  I  believe  the  following  is  an 
incident  going  to  show  this  to  be  the  case.  In  1885,  I 
was  connected  as  master  mechanic  with  the  Locomotive 
Trust  &  Improvement  Company.  They  had  an  engine 
built  at  the  Rhode  Island  Locomotive  Works,  having  18 
X  24  in.  cylinders  and  57  in.  driving-wheels — the  engine 
being  of  the  ordinary  eight-wheel  or  American  t)  pe.  This 
engine  was  fitted  with  a  traction  device  for  throwing  a 
portion  of  the  tender's  weight  on  to  the  engine.  The  "  pop  " 
valve  was  set  at  160  lbs.  In  a  test  on  the  Union  Pacific 
Railroad,  this  engine  took  5So  tons — including  engine  and 
tender — from  Brookville  to  Mt.  Zion,  a  distance  of  16 
miles,  in  one  hour  and  18  minutes.  This  portion  of  the 
road  is  a  continuous  grade  of  70  feet  per  mile.  Unfortu- 
nately the  engine  was  not  indicated,  but  with  the  "  pop  " 
valve  set  at  160  lbs.,  with  the  variations  below  that  which 
would  occur,  it  does  not  seem  probable  that  the  initial 
cylinder  pressure  was  over  150  lbs.,  and  it  is  also  probable 
that  there  was  a  back  pressure  of  at  least  5  lbs.  This 
would  make  a  card  as  follows,  giving  an  average  effective 
pressure  of  130  lbs.  per  square  inch,  then 


i8-    X  i3o_ 


17,734  lbs. 


The  resistance  due  to  gravity  on  a   70-foot  hill  would 
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be  26';  lbs.  per  ton  and  6S0  x  26'.  =  18,020  lbs.,  which 
would  make  it  seem  that  the  Hanibour  formula  is 
wrong  because  the  resistance  of  gravity  alone  is  greater 
than  the  pull  the  engine  exerted  on  the  tender  draw-bar. 


c 

t 

t 

5 

° 

If  it  be  assumed  the  average  effective  pressure  was  140, 
which  is  possible,  we  have 


=  19,098  lbs. 


-Gravity  would  use  18,020  lbs.  of  this,  leaving  but  1,078  lbs. 
for  friction  of  the  train  or  but  VsV=  1.58  lb.  per  ton,  which 
is  much  less  than  has  ever  been  recorded.  If,  as  is  usual, 
5  lbs.  per  ton  of  train  for  resistance  on  a  level  be  added  to 
26)4  lbs.  for  gravity,  making  31^2  lbs.  total  for  each  ton, 
we  have  680  x  31  u  =  21,420  lbs.  total  resistance  for  the 
train,  which  is  more  than  the  engine  would  exert  if  the 
mean  effective  pressure  was  1  50  lbs.  per  square  inch. 

Frank  C.  Smith. 

[The  formula  quoted  above,  does  not  make  its  own 
-correctness  as  obvious  as  the  rule  for  calculating  the 
tractive  power  eiven  in  Clark's  Railway  Machinery  does. 
That  rule  is,  "  multiply  the  effective  mean  pressure  per 
square  inch  in  the  cylinder  by  the  area  of  the  piston  and 
by  four  times  its  stroke  to  represent  the  duplicate  action 
of  two  cylinders,  and  divide  by  the  circumference  of  the 
<lriving-wheel.  The  result  is  the  tractive  power  at  the 
rails." 

There  can  be  no  room  for  questioning  the  correctness 
of  this  rule,  which  s  practically  the  same  as  Pambour's. 
But  we  agree  with  our  correspondent  that  locomotives 
will  often  pull  more  than  with  assumed  piston  pressures, 
and  the  supposed  resistance  of  train  calculations  will  show 
that  they  should  pull.  This  is  probably  due  to  the  fact 
that  the  m^iximum  pressure  in  the  cylinders,  when  an  en- 
gine is  working  up  to  its  utmost  capacity,  is  greater  than 
that  shown  by  indicator  diagrams  which  are  no/  taken  at 
such  times  ;  next,  the  true  rale  of  gradients  and  weight 
of  trains  is  not  always  known  ;  and  third,  when  rolling 
stock  and  track  are  both  in  good  condition  there  is  rea- 
son for  believing  that  the  resistance  is  considerably  less 
than  that  given  in  the  books.  It  is  to  these  reasons  that 
the  discrepancies  between  the  actual  practice  and  the  cal- 
culation of  our  correspondent  may,  it  is  thought,  be  at- 
tributed, and  not  to  any  error  in  the  rule  quoted. — Edi- 
tor Railroad  and  Engineering  Journal.] 


Heating  Cars. 

Editor  Railroad  and  Engineering  Journal:  I 
have  read  an  article  on  heating  railroad  cars  in  the  Jour- 
nal of  February,  1887,  with  a  great  deal  of  interest.  It 
appears  to  me  that  this  article  is  in  the  wrong  in  advoca- 
ting stoves.  In  my  opinion,  stoves  are  a  relic  of  barbarism 
when  used  for  heating  cars.  If  placed  under  the  cars  a 
very  slight  accident  will  break  them  to  pieces  and  prob- 
.ablyset  fire  to  the  cars.  What  would  become  of  the  stoves 


for  instance,  slioultl  an  accident  produce  the  position 
shown  in  Fig.  1  of  the  article  referred  to  ?  And  what 
could  prevent  the  cars  from  being  set  fire  to  ? 

Steam  from  the  locomotive  seems  to  be  the  ofify  safe 
method.  Answering  Mr.  Depew's  objection.  I  will  say 
that  with  the  Gold  system  cars  will  remain  comfortable 
for  two  hours  after  the  locomotive  is  detached,  and  for  an 
hour  with  the  Martin  or  Sewell  systems.  Where  cars  have 
to  stand  at  the  stations  as  Mr.  Depew  instances,  what  is  to 
prevent  heating  the  station  building  by  the  same  system, 
deriving  heat  from  stationary  boilers  which  could  supply 
heat  to  the  waiting  cars.  The  coupling  question  has  al- 
ready been  solved  by  Mr.  Martin,  who  uses  no  hose. 

Waterman  Stone. 


THE    GEODETIC    WORK   IN   THE    UNITED 
STATES. 

MASON    AND    DIXON,   I764-1768. 

The  names  of  Mason  and  Dixon  suggest  to  two  classes 
of  persons  as  many  distinct  ideas,  together,  in  many  cases, 
with  a  commingling  that  strangely  represents  tradition 
tinged  with  truth.  The  clearly  defined  notions  are:  (1) 
Mason  and  Dixon  determined  the  length  of  a  degree  in 
America  by  measurement ;  12)  they  located  the  boundary 
between  Maryland  on  the  one  part  and  Delaware  and  Penn- 
sylvania on  the  other.  These  are  facts,  but  popular  be- 
lief adds  one  or  both  of  the  following  fancies:  (a)  they 
measured  the  arc  from  which  they  ascertained  the  de- 
gree's length  while  fixing  the  boundary  ;  (/>)  the  bound- 
ary they  established  between  Maryland  and  Pennsylvania 
was  the  northern  limit  of  slavery  established  by  the  Mis- 
souri Compromise  of  1820.  The  first  misconception  will 
be  rectified  in  what  follows,  in  which  it  will  be  shown  that 
Mason  and  Dixon  did  not  mark  that  portion  of  the  bound- 
ary which  they  measured  with  sufficient  care  to  use  its 
length  for  geodetic  data  ;  and  the  latter  will  be  refuted 
when  it  is  stated  that  the  line  agreed  to  in  the  Com- 
promise was  latitude  36'  30',  while  the  Maryland-Penn- 
sylvania boundary  is  latitude  39  43'  18",  or  39"  43'  26.3", 
as  found  by  Col.  Graham  in  1850. 

According  to  the  agreement  made  in  1732,  regarding 
the  boundary  between  Delaware  and  Maryland,  aline  was 
to  be  run  across  the  peninsula  from  Cape  Henlopen  due 
east  and  west,  then  from  the  middle  point  of  this  line  an- 
other should  be  run  northward  in  such  a  manner  that  it 
would  be  tangent  to  a  circle  drawn  around  New  Castle 
with  a  radius  of  12  miles.  From  this  tangent  point  the 
line  was  to  be  continued  due  north  to  a  point  whose  lati- 
tude was  that  of  an  imaginary  point  just  1 5  miles  south  of 
the  most  southern  part  of  Philadelphia.  Law  suits  and 
other  sources  of  delay  followed,  so  that  it  was  not  until 
1760  that  commissioners  were  appointed,  who  ran  the  line 
across  the  peninsula,  determined  the  middle,  computed 
the  point  of  tangency  and  ran  the  tangent.  As  the  entire 
line  was  through  dense  forests,  it  was  necessary  to  cut  out 
sight-lines  or  vistas,  making  the  work  so  tedious  that 
three  years  were  consumed  in  accomplishing  the  part  just 
mentioned.  The  proprietors,  who  resided  in  London, 
became  so  impatient  that  they  decided  to  send  surveyors 
from  England  to  complete  the  undertaking,  and  to  verify 
what  had  been  done.  The  persons  selected  were  Charles 
Mason  and  Jeremiah  Dixon.     They  arrived  in   Philadel- 
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phia.  Nov.  15,  1763,  and  began  work  by  erecting  a  small    |   found  that  the  alignment  was  practically  perfect,  leaving 


wooden  observatory  at  the  most  southern  point  in  that 
city.  Here  they  observed  for  latitude,  using  a  sector  of 
6  feet  radius  constructed  by  Bird,  which  Maskelyne  said 
was  the  first  to  have  the  plumb-line  passing  over  and 
bisecting  a  point  at  the  center  of  the  instrument.  Dur- 
ing the  following  spring,  while  testing  the  lines  run  by 
their  predecessors,  they  noticed  that  the  tangent  line  was 
almost  due  north,  and  the  character  of  the  ground  such  as 
to  make  it  quite  easy  to  measure  the  line  with  the  accu- 
racy that  would  allow  the  results  to  be  used  in  ascertain- 
ing the  length  of  a  degree.  Also,  that  the  amplitude 
could  be  found  by  simply  observing  for  latitude  at  one 
additional  point,  having  already  determined  the  latitude 
of  the  northern  end  of  the  arc  in  fixing  the  point  from 
which  the  west  line  between  Pennsylvania  and  Maryland 
was  to  start. 

It  is  probable  that  Mason  and  Dixon  received  their  in- 
spiration to  perform  this  geodetic  work  from  Boscovich, 
whom  they  may  have  known  in  London  during  his  stay 
there  in  1760.  Boscovich  had  been  elected  a  Fellow  of 
the  Royal  Society,  in  consideration  of  his  degree  measure- 
ments in  Italy  from  1751  to  1753,  and  Mason  and  Dixon, 
while  in  the  swamps  of  the  peninsula,  might  have  seen 
along  the  vista  in  which  they  were  working  the  coveted 
way  to  become,  as  De  Morgan  said,  a  Fellow  Really  Scien- 
tific ;  at  all  events,  each  became  an  F.  R.  S..  in  consequence 
of  this  very  undertaking. 

They  represented  to  Maskelyne,  who  was  then  .\slron- 
omer  Royal,  the  advantages  this  line  olTered  for  accurate 
measurement,  and  indicated  their  willingness  to  take 
charge  of  the  work  at  the  Society's  expense.  On  Oct.  24, 
1764,  the  Council  of  the  Royal  Society  resolved  that  the 
precise  measure  of  a  degree  of  latitude  in  America,  in  the 
neighborhood  of  Pennsylvania,  appears  to  the  Council 
and  to  the  Astronomer  Royal,  who  was  pleased  to  assist 
on  this  occasion,  to  be  a  work  of  great  importance,  and 
that  the  known  abilities  of  Messrs.  Mason  and  Dixon,  the 
excellence  of  the  instruments  with  which  they  are  fur- 
nished, the  favorable  level  of  the  country  and  their  assist- 
ants well  practiced  in  measuring,  do  all  concur  in  giving 
good  ground  for  hope  that  the  business  may  now  be  exe- 
cuted with  greater  precision  than  has  ever  yet  been  done, 
and  at  a  much  less  charge  than  the  Society  can  reasonably 
expect  an  opportunity  of  doing  hereafter. 

■  Resolved,  to  employ  Messrs.  Mason  and  Dixon  in  the 
said  admeasurement  of  a  degree  of  latitude,  and  to  allow 
them  the  while  of  their  demand,  being  the  sum  of  two 
hundred  piunJ,  sterhnaf  forth';  saiil  work  ;  and  also,  in 
case  the  proprietors  of  Maryland  and  Pennsylvania  should 
refuse  their  stipulated  allowance  for  their  passage  home, 
but  not  otherwisi-.  the  further  sum  of  forty  pounds,  for 
the  said  passage."  A  resolution  was  adopted  requesting 
Maskelyne  to  draw  up  the  instructions  for  their  guidance. 
These  were  sent  together  with  a  brass  standard  of  5  feet, 
with  which  the  measuring  rods  were  frequently  to  be  com- 
pared, and  the  dirti  rence  noted,  and  also  the  height  of  the 
thermometer  at  the  time. 

Work  on  the  Pennsylvania-Maryhmd  boundary  was 
stopped.  15  miles  before  the  terminus  was  reached,  in  1767, 
by  the  Indians,  who  said  it  was  not  the  wish  of  the  chiefs 
that  a  certain  war-path  should  be  crossed,  so  Mason  and 
Dixon  returned  to  Philadelphia,  and  at  once  prepared  to 
make  the  measurement  so  encouragingly  endorsed. 

While  testing  the  line  thev  intended  to  measure  it  was 


nothingto  be  done  but  to  determine  its  length  and  ampli 
tude.  The  apparatus  they  devised  for  measuring  they 
called  levels,  because  they  were  placed  in  a  level  position 
when  in  use.  As  the  ground  was  not  perfectly  horizontal, 
the  apparatus  was  so  constructed  as  to  make  contact  on 
different  planes.  The  levels  were  each  20  feet  in  length 
and  4  feet  in  height,  made  in  a  rectangular  form  of 
inch  pine.  The  breadth  of  the  bottom  board  was  7^ 
inches,  that  of  the  top,  3  inches,  and  the  end  pieces,  4)1^ 
inches,  while  the  bottoms  and  tops  were  firmly  strength- 
ened by  means  of  boards  fixed  to  them  at  right  angles. 
The  joints  were  secured  with  plates  of  iron,  and  the  ends 
plated  with  brass.  They  were  set  level  by  means  of  a 
plumb-line,  3  feet  2  inches  long,  suspended  in  the  middle, 
the  point  of  the  plumb-bob  bisecting  a  given  mark  in  the 
bottom  ;  the  plumb-line  was  hung  within  a  tube,  so  as  to 
be  free  Irom  the  action  of  the  wind.  If  the  frames  were 
true  rectangles  every  point  in  the  ends  would  be  in  the 
same  vertical  when  the  top  and  bottom  were  horizontal. 
In  case  the  ground  was  irregular  one  end  of  the  level  was 
raised  by  a  "  winch  and  pulley."  Just  how  this  was  done 
is  not  stated.  When  a  level  was  put  in  position,  a  short 
stake  was  driven  in  the  ground  very  near  and  opposite  the 
plumb-line,  in  the  top  of  which  moved  a  thin  iron  plate. 
about  12  inches  long.  In  both  ends  of  this  plate  there 
were  points  that  could  be  directed  toward  the  intersec- 
tion of  cross  lines  on  the  frame. 

By  bringing  these  points  into  line  with  the  intersection, 
the  level  could  be  placed  in  its  former  position  if  moved 
while  making  contact.  One  level  was  set  and  marked, 
the  alignment  being  effected  by  sightii  g  along  the  top  to 
the  point  made  by  the  apparent  convergence  of  the  sides 
of  the  vista,  then  another  level  was  placed  in  front,  ad- 
justed and  marked,  when  the  rear  one  would  be  brought 
forward,  and  so  on.  Record  was  kept  by  stretching,  in  a 
line  parallel  to  and  quite  near  the  levels,  a  rope  equal  to 
12  times  the  length  of  one  of  them,  and  the  number  of 
rope  lengths  recorded.  The  mile-stones  placed  by  the 
first  surveyors  also  served  as  checks  upon  the  count. 

The  levels  were  frequently  compared  with  the  Lrass 
standard,  provided  by  the  Royal  Society,  and  the  differ- 
ence between  the  lengths  of  the  two  levels  and  8  times 
the  standard  was  noted,  together  with  the  temperature  at 
the  time  of  comparing.  .At  the  ends  of  the  bottom  boards 
of  each  level  there  was  attached,  in  the  direction  of  their 
length,  a  piece  of  br.iss  on  which  a  fine  line  was  drawn  a 
tenth  of  an  inch  of  the  eud.  The  last  tenth  of  an  inch  of  the 
standard  was  divided  into  hundredths  so  that,  by  means 
of  a  magnifier,  the  difference  between  S  times  the  length 
of  the  standard  and  the  two  levels  could  be  quite  easily 
ascertained.  The  standard  temperature  was  62'  F,  that 
being  the  temperature  previously  adopted  in  comparing, 
and  the  coefficient  of  expansion  for  brass.  .ooooioS  was 
taken  from  Graham's  determinations. 

Streams  were  crossed  by  measuring  a  short  base  and 
putting  the  distance  from  a  point  on  one  bank  to  another 
on  the  bank  opposite,  from  angles  observed  with  a  Had- 
ley  quadrant. 

The  azimuth  of  the  tangent  line  was  found  by  observ- 
ing Ursa  Major  on  three  evenings  to  be  3"  43'  30". 

A  B  =  434,011.64  ft.,  referred  to  brass  standard  at  62° 
F.  Supposing  that  /  is  the  point  in  which  the  great  cir- 
cle passing  through  B  cuts  the  meridian  A  M,  then  re- 
garding A  B  /  as  a  right  angle,  they  computed   A  /.     In 
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doing  Ihis  they  regarded  the  triangle  as  plane,  thinking 
tliat  the  smallncss  of  the  angle  at  A  and  tlie  shortness  of 
the  sides  as  compared  with  the  radius  of  the  sphere  would 
not  change  it  greatly  Irom  a  plane  triangle.  This  gave 
.\  /,  433,094  ft.,  and  they  then  subtracted  R  /,  the  distance 
of  the  great  circle  from  the  circle  of  parallel  which  they 
found  to  be  15.8  ft. 

The  corrected  value  for  A  K  =  433,078.8  ft.;  N  P,  by 
measurement,  at  62  F.  76,290.7  ft.;  C  D.  by  measure- 
ment, at  62    V  —  26,608  ft.;  D  G,  by  computation  (C  D  M 

.  86"  32!',  nearly),  =  89.7  ft.,  giving  as  the  distance  be- 
tween the  parallels  of  A  and  N  =  538,067.2  ft. 

The  amplitude  of  the  arc  from  difference  of  zenith  dis- 
tances as  measured  with  the  sector  referred  to  was  1°  28' 
45".  The  latitude  of  N  was  ascertained  previously 
to  be  39  56'  1S.9",  which  gives  39'  11'  56"  as  the  average 
latitude,  at  which  point  from  linear  measurement  and  am- 
plitude 1    =  363,763  ft. 

It  was  assumed  that  the  French  fool  was  to  the  English 
foot  as  114  to  107,  which  gave  for  a  degree  56,904.5 
toises.  The  accuracy  of  this  equivalent  depends  upon  the 
temperature  of  the  standards  during  comparisons;  the 
toise  being  iron  and  the  five-foot  bar  brass,  their  diflferent 
rates  of  e.xpansion  would  give  them  different  lengths  at 
varying  temperatures.  The  temperature  to  which  all  the 
measurements  were  reduced  was  62  F.,  but  it  is  not 
known  that  this  was  the  temperature  of  the  French  and 
English  standards  while  being  compared. 

After  the  completion  of  the  measurement  the  five-foot 
bar  was  again  adjusted  to  the  Royal  Society  standard, 
when  it  appeared  that  the  length  of  the  arc  was  too  long 
by  13  feet.  "  It  is  probable  that  the  length  of  a  degree  has 
been  taken  10  or  20  feet  too  short  by  placing  the  point  C 
too  far  to  the  southward,  which  would  about  balance  the 
small  correction  in  question."  Just  what  reasons  they  had 
for  supposing  this  is  not  mentioned.  Likewise  a  new 
comparison  was  made,  using  the  /oisi;  dt'  perou,  which  gave 
for  a  degree,  56,888  toises.  There  seem  to  have  been  two 
copies  of  this  toise  of  slightly  different  lengths,  and  it 
may  be  that  the  same  one  was  not  used  for  the  two  com- 
parisons. The  latter  value  is  the  one  most  frequently 
quoted. 

The  actual  value  of  this  work  has  received  various  es- 
timates;  Maskelyne  considered  itavaluableaddition  to  the 
measures  of  degrees,  especially  as  the  level  character  of 
the  country  to  the  north  and  south  of  the  line  rendered  a 
deflection  of  the  plumb  line  improbable.  Cavendish,  on 
the  other  hand,  suggests  that  the  Allegheny  Moun- 
tains may  have  shortened  the  degree  by  60  or  100  toises. 
Airy  thought  it  accurate  enough  to  be  used  in  determin- 
ing the  figure  of  the  earth,  as  did  also  Schubert,  Listing 
and  Laplace.  Bessel  did  not  embody  this  arc  in  his  dis- 
cussion, so  its  influence  is  not  felt  in  his  resulting  con- 
stants. A  degree  in  the  latitude  in  which  this  measure- 
ment was  prosecuted,  according  to  Bessel's  formula,  is 
56,956  toises,  being  51.5  toises  longer  than  Mason  and 
Dixon's  first  value,  and  67  longer  than  their  second — a  dis- 
crepancy greater  than  exists  between  any  other  northern 
measured  and  computed  degree  according  to  Bessel. 
Clarke  also  omitted  this  arc  in  his  investigation,  his  for- 
mula gives  this  degree  467  feet  or  73  toises  longer  than 
they  found  it. 

If  the  measurement  and  amplitude  of  this  arc  be  trust- 
worthy, it  shows  that,  on  the  hypothesis  that  the  earth  is 
a  solid  of  revolution,  that  Bessel's  spheroid  is  more  nearly 


correct  than  Clarke's,  since  it  gives  a  smaller  discrepancy. 
But  in  the  work  of  the  U,  S.  Geodetic  Survey  it  has 
been  found  that  the  use  of  Clarke's  spheroid  makes  the 
station  error  a  minimum,  from  which  we  can  infer  that 
the  work  of  Mason  and  Di.xon  had  but  little  merit.  Their 
measurement  may  have  been  accurate,  throwing  the  error 
upon  the  deflection  of  the  plumb-line. 

However,  we  must  wait  until  we  have  arcs  in  the  West- 
ern Hemisphere  good  enough  to  have  a  voice  in  deter- 
mining the  figure  of  the  earth  before  we  can  definitely 
decide  regarding  the  character  of  this,  the  first  geodetic 
operation  in  .America. 


The  Speed  of  War  Vessels. 

The  New  York  Hrratd  says  "The  most  noticeable 
feature  of  the  Senate  bill  for  the  construction  of  steel 
cruisers  is  the  high  speed  which  these  vessels  are  e.xpccted 
to  develop.  Less  than  four  years  since  15  knots  were 
gladly  accepted  as  a  maximum  beyond  which  profitable 
naval  design  could  not  be  urged.  Greater  speed,  it  is 
true,  had  been  attained  by  our  first  type  of  commerce  de- 
stroyers, but  there  was  a  general  appreciation  that  the 
Wamp<xnoag's  performance  could  not  be  accepted  as  a 
usetui  standard,  because  she  was  in  essentials  not  a  man- 
of-war,  but  a  mere  racing  machine, 

"  To-day,  without  any  undue  public  astonishment  being 
excited,  effective  fighting  ships  are  called  for  wherein 
every  quarter  of  a  knot  below  20  miles  pays  a  penalty 
which,  at  our  former  summit  of  t  xpectation,  would  have 
been  prohibitive  to  ship  construction.  And,  what  is  more 
startling  yet.  the  bonus  which  equally  goes  to  any  in- 
crease upon  this  speed  proves  how  great  is  the  correlation 
between  scientific  attainment  and  popular  appreciation, 
and  how  readily  the  impossibilities  of  yesterday  become 
the  axioms  of  the  morrow. 

■•Wherever specialists  may  differ  upon  other  questions 
of  naval  construction,  there  is  a  universal  agreement  as 
to  the  value  of  high  speed,  this  element  being  deemed 
equivalent  to  that  vaunted  weather-gage  of  the  old  days 
which  enabled  the  swifter  ship  to  choose  its  range  and 
relative  position,  and  to  force  or  avoid  an  action. 

"  The  growth  of  this  speed  development  is,  therefore, 
not  without  interest.  Briefly  generalized,  it  may  be  said 
that  between  i859and  1875 — that  tentative  period  which 
led  to  such  wonderful  realizations — the  highest  speed 
under  the  most  favorable  circumstances  of  large  vessels 
was  14  knots.  In  the  smaller  classes  of  unarmored  ships 
it  ranged  between  8  and  13,  while  that  attained  by  fast 
cruisers  was  from  1510  16J2'  knots. 

"  In  the  last  year  Italian  armored  vessels  of  over  13,000 
tons  aisplacement  accomplished  over  18  knots,  and  crui- 
sers, like  the  Japanese  Naii/wa  Kan  and  the  Italian 
Angela  Etna,  have  reached  20. 

"  Torpedo  boats,  which  in  1S73  began  with  14  knots, 
have  now  steamed  25,  and  at  the  same  time  this  type  has 
increased  so  materially  in  size  and  importance  as  to  have 
become,  not  an  accessory,  but  an  essential  in  naval  war- 
fare. 

'■  What  has  been  done  abroad  the  Herald  believes  can 
be  more  than  attained  here,  and  should  the  present  bill 
become  a  law  it  does  not  doubt  that  American  inventive 
genius,  profiting  by  the  failures  and  successes  of  foreign 
constructors,  will  produce  a  type  which  will  revolutionize 
naval  ship  construction  everywhere." 


The  Strong  Locomotive  "  Duplex," 

The  large  illustration  given  in  this  number  is  from 
a  photograph  of  the  locomotive  "  Duplex,"  No.  444, 
recently  completed  at  the  Wilkesbarre  shops  of  the  Lehigh 
Valley  Railroad.  This  locomotive  is  of  the  Strong  pat- 
tern, to  which  some  reference  has  heretofore  been  made; 
it  has  20  X  24  inch  cylinders  and  six  62-inch  drivers.     The 
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boiler  has  two  fire-chamber.s.  each  consisting  of  a  corru- 
gated steel  flue,  both  being  joined  at  the  forward  ends  in 
a  single  combustive  chamber. 

This  engine  is  now  at  work  running  passenger  trains 
over  the  heavy  grades  of  the  Mountain  [division  of  the 
road.  Some  account  of  its  working,  with  a  detailed  de- 
scription of  the  engine,  will  be  given  hereafter. 

M.  N.  FORNEY'S  CAR  SEAT. 

The  engravings  herewith  represent  the  latest  form  of 
an  improved  c.ir  seat  designed  by  Mr.  M.  N.  Forney.  Fig. 
I  is  a  perspective  view.  Fig.  2  a  front  elevation  with  a 
section  through  the  side  of  the  car  and  window,  and  Fig. 
3  an  end  view  with  the  seat  end  removed. 


5.  The  backs  can  be  reversed  in  less  space  than  those 
ordinarily  used.  The  motion  is  much  easier,  and  there  is 
no  tendency  to  come  down  with  a  "  bang"  when  they  are 
tnrned  over  carelessly. 

The  mechanism  employed  to  clfect  these  ends  is  shown 
clearly  in  Fig.  3,  in  which  the  seat-arm  or  "end  "  is  re- 
moved. The  back  B'  and  seat  S'  are  represented  by  full 
lines  in  the  position  they  occupy  when  the  back  is  turned 
half-way  over.  These  parts  are  also  shown  by  dotted 
lines  in  their  two  reversed  positions.  The  back  has 
projections  D'  and  E,  E'  and  D  which,  when  the  back  is 
turned  over,  alternately  support  the  lumbar  region  or 
"  small  of  the  back  "  and  the  head  and  neck  of  the  occu- 
pant of  the  seat. 

The  seal-back  is  reversed  from  the  one  position   repre- 


Fig.  2. 


The  following  are  the  advantages  which  result  from  the 
method  of  construction  shown  by  the  engravings: 

1.  The  backs  can  be  made  of  any  desired  height,  so  as 
to  give  ample  support  for  the  heads  of  passengers. 

2.  While  the  backs  can  be  as  high  as  required,  their 
lower  edges  do  not  come  below  the  tops  of  the  seats,  so 
that  there  is  more  room  between  the  front  edge  of  each 
seat  and  the  back  than  there  is  with  ordinary  seats. 

3.  The  seat-backs  have  projections  which  support  the 
lumbar  regions  of  the  spine  or  the  "small  of  the  back," 
where  support  is  most  needed  to  prevent  fatigue  while  in 
a  sitting  posture. 

4.  The  seats  are  made  to  incline  backward,  so  that  the 
jolting  of  the  car  has  no  tendency  to  cause  their  occu- 
pants to  slide  off  of  them  and  away  from  the  backs.  Very 
little  muscular  effort  is  therefore  required  to  maintain  a 
sitting  posture,  so  that  persons  can  rest  or  sleep  in  these 
seats  almost  as  comfortably  as  they  can  lying  down.  The 
inclination  of  the  seats  is  reversed  when  the  backs  are 
turned  over. 


sented  by  the  dotted  Hues  to  the  other  by  means  of  tAfO 
pairs  of  crossed  links,  or  arms.  L  Z'— one  pair  at  each  end 
of  the  seat.  These  are  connected  to  the  seat-end  and 
side  of  car  by  fixed  pivots  P  P',  and  to  the  seat-back  by 
other  pivots,  /  /'.  The  links  project  below  the  fixed 
pivots  P  P' ,  and  each  of  them  has  a  projecting  pin  or 
stud  .s-  jf'  (shown  by  dotted  lines  in  Fig.  2.)  which  support 
the  seat.  The  seat  or  cushion-frame  has  slots  n  n'  in  each 
end  which  receive  the  pins  .r  s'.  These  slots  allow  for 
the  variation  in  the  distance  apart  of  the  pins  which 
occurs  when  the  back  is  reversed.  The  action  of  these 
links  will  be  readily  understood  if  we  follow  the  move- 
ment of  the  back  from  the  position  shown  by  dotted  lines 
at  B,  Fig.  3,  to  the  position  when  it  is  turned  half  way 
over,  represented  in  full  lines,  and  finally  to  that  indi- 
cated by  dotted  hues  at  B" ,  when  the  back  is  completely 
reversed.  The  dotted  lines  op  q  and  0'  p' i/'  represent  the 
paths  in  which  the  pivots//'  move  when  the  back  is 
reversed,  and  /■  s  i,  /■'  s'  t'  are  the  paths  which  the  louer 
pins  or  studs   .f .»' describe  during  the   same    period.      It 
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will  be  seen  that  when  the  back  is  reversed  from  the 
position  shown  at  B  to  />'"  that  the  pin  ,»■  moves  in  the  arc 
/  s  r,  and  s'  moves  from  /'  to  r'.  When  the  back  is  in  the 
position^  the  seat  is  in  that  shown  by  the  dotted  lines 
at  5",  and  it  is  then  supported  on  the  pinsat  1 1'\  with  the 
reversal  of  the  back  these  pins  are  moved  from  /  to  r  and 
from  /'  to  /•■.  The  seat  then  occupies  the  position  shown 
by  the  dotted  lines  5.  It  will  be  seen  that,  by  reversing  the 
back,  the  seat  is  moved  horizontally;  and  its  inclination  is 
also  reversed,  so  that  in  both  positions  of  the  back  it  in- 
clines backward,  which  adds  materially  to  its  comfort.  If 
the  seat  is  not  moved  horizontally  when  the  back  is  re- 
versed, more  room  lengthwise  of  the  car  will  be  required 
for  each  seat  of  a  given  width  and  a  back  of  any  desired 
form  or  inclination.  With  this  mechanism  for  reversing 
the  backs  they  can  be  made  of  any  required  height,  and, 
as  appears  from  the  illustrations,  their  lower  edges  come 
above  the  tops  of  the  seats.  This  leaves  the  space  be- 
hind the  seat  entirely  clear,  so  that  with  seats  of  this 
kind  there  is  more  room  than  with  those  ordinarily  used. 
It  will  also  be  seen  that  the  fi.\ed  pivots  P  and  P'  are 
located  on  a  line  with  the   top  of  the    seat.     With   the 


Fig-  3- 

ordinary  method  of  reversing  backs,  the  pivot  about  which 
it  turns  must  be  placed  so  far  above  the  seat  that  it 
elevates  the  arm-rest  at  an  uncomfortable  height,  so  that 
the  shoulders  of  passengers  are  raised  up  into  an  uneasy 
position.  The  location  of  the  pivots  P  /",  shown  in  the 
engravings,  permits  the  arm-rests  and  window  sills  to  be 
lowered  to  any  position  that  will  be  most  conducive  to 
comfort.  The  fact  that  the  arms  of  drawing-room  car 
chairs  are  always  made  much  lower  than  those  of  ordin- 
ary car  seats  is  evidence  that  the  latter  are  too  liigh.  But 
if  the  window  sills  are  lowered  so  as  to  be  of  the  most 
comfortable  height  for  arm-rests,  there  is  danger  when 
they  are  open  that  persons  will  put  their  arms  or  feet 
outside  and  be  hurt,  and  children  standing  up  in  the 
seats  may  fall  out.  For  these  and  other  reasons,  the 
method  of  construction  shown  in  Figs,  i  and  2  has  been 
devised.  The  window  ledge  M,  Fig.  2,  has  been  placed 
24  in.  above  the  top  of  the  floor.     This  is  just  about  the 


height  of  ;i  drawing-room  car  chair  arm.  Under  the 
window  VV.  a  recess  or  pocket  R  is  constructed,  which  is 
flush  with  the  outside  of  the  car.  This  makes  the  ledge 
AT  wide  enough  for  a  comfortable  arm-rest,  or  it  can  be 
used  as  a  shelf  to  hold  books  or  packages.  As  shown  in 
Fig.  I,  the  crossed  arms  come  so  low  down  that  they  are 
not  in  the  way  of  a  person  occupying  the  seat,  and  as  the 
recess  or  pocket  R  gives  sufficient  room  for  the  arm  of  a 
passenger,  he  or  she  can  sit  close  up  to  the  side  of  the 
car  without  discomfort.  The  result  is  that  in  elTect,  the 
seat,  crosswise  of  the  car,  is,  with  this  arrangement,  prac- 
tically lengthened  three  or  four  inches.  When  the  windows 
are  up,  there  is  little  liability  of  passengers  putting  their 
arms  outside  of  the  car,  because  the  recess  gives  them  a 
more  comfortable  rest  than  the  window  sill  above  it  does. 
The  window  recess  and  this  form  of  seat  together,  it  is 
thought,  will  give  more  room  and  comfort  to  passengers 
than  any  other  arrangement  yet  devised.  Railroad  com- 
panies or  others  wishing  to  use  either  or  both  of  these  de- 
vices can  address  M.  N.  Forney,  23  Murray  Street,  New 
York,  for  further  information. 


King's  Compound  Engine. 

(From  Engineering.) 

The  compound  engine  which  we  illustrate  above  repre- 
sents a  new  method  of  construction  lately  introduced  by 
Mr.  H.J.  H.  King,  of  Newmarket,  near  Stroud.  Gloucester. 
In  this  arrangement  the  high-pressure  cylinder  is  placed 
immediately  above  the  low-pressure  cylinder,  and  both  of 
the  pistons  work  on  to  the  same  crank-pin  through  the 
intermediary  of  the  same  connecting-rod.  This  rod  is 
made  in  the  form  of  a  triangular  frame  ;  at  one  corner  it 
is  pivoted  to  the  cross-head  of  the  low-pressure  piston, 
while  at  the  corresponding  upper  corner  it  is  connected 
by  a  long  link  to  an  extension  of  the  high-pressure  piston- 
rod.  The  details  of  the  arrangement  are  shown  in  Fig.  2, 
where  it  will  be  seen  that  the  latter  piston-rod  is  cottered 
to  a  slotted  frame,  which  also  serves  to  transmit  the 
motion  to  the  air-pump.  Inside  the  slotted  frame  there 
works  a  link,  which  at  one  end  is  pivoted  to  the  frame, 
and  at  the  other  to  the  triangular  connecting-rod.  At  the 
apex  the  connecting-rod  works  on  the  crank-pin  in  the 
usual  way,  and  transmits  to  it  the  power  of  the  two 
\    cylinders. 

I  In  this  particular  engine  the  main  valves  of  the  high 
I  and  low-pressure  cylinders  are  worked  by  a  single  eccen- 
j  trie,  I  (see  Fig.  2),  the  rod  2  being  taken  otT  at  the  proper 
j  angle  to  give  the  right  lead  to  the  high-pressure  valve. 
I  The  rocking-arm  3  is  centered  on  the  stud  4,  and,  being 
;  of  considerable  length,  the  pin  5  moves  practically  in  a 
straight  horizontal  line,  so  that  the  rocking-arm  forms  a 
guide  for  the  high-pressure  valve  spindle  6. 

The  expansion  valve,  which  may  be  automatic  or  other- 
wise, consists  of  a  gridiron  valve  working  on  the  back  of 
the  other.  The  automatic  arrangement  is  shown  in  this 
case  in  dotted  lines.  The  end  of  the  expansion  vahc 
spindle  is  carried  by  the  rocking-arm  7,  and  the  link  8 
is  moved  by  the  governor.  The  rod  9  is  centered  on  the 
pin  10,  and  11  is  worked  by  an  eccentric,  12,  shown  in 
broken  lines. 

This  engine,  which  we  illustrate,  is  working  at  Bliss  Saw 
Mills,  Chalford,  and  was  formerly  a  high-pressure  engine. 
with  9  inches  cylinder,  20  inches  stroke.     The  fuel  pre- 
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of  the  coal,  except  tlie  small  quantity  required  to  get  up 
steam,  is  saved.  Mr.  King  is  also  making  two  more  en- 
gines of  the  same  design  for  the  same  firm,  with  cylinders 
13  inches  and  24  inches  in  diameter. 

It  must  be  conceded  that  this  is  a  most  ingenious  and 
novel  design,  and  that  it  offers  considerable  advantage, 
particularly  in  compounding  existing  engines.  The  engine 
will  start  in  any  position,  the  steam  passages  are  extremely 
short,  and  all  the  parts  are  perfectly  accessible.  The  space 
occupied  is  very  small,  and  if  the  air-pimip  be  brought 

Fig.  3. 
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Fig.  4. 

nearer  the  cylmders,  does  not  exceed  that  of  an  ordinary 
high-pressure  engine.  Figs.  3  and  4  anne.xed  show,  as 
an  illustration,  the  space  occupied  by  a  triple-e.xpansion 
marine  engine,  first  with  the  cylinders  placed  as  they  now 
usually  are:  and,  second,  as  they  would  be  if  arranged  on 
Mr.  King's  system,  and  working  on  two  cranks  instead  of 
three. 


Foot   Bridge  for  English   Railway  Stations. 

The  engraving  on  the  opposite  page  represents  a  form 
of  bridge  which  is  used  a  great  deal  at  the  smaller  stations 
in  England.  In  that  country  passengers  are  not  allowed  to 
cross  the  main  line,  to  avoid  which  a  bridge  or  subway  is 
nearly  always  provided  to  enable  passengers  to  cross  from 
one  side  of  the  line  to  the  other.  The  engraving  is  copied 
from  an  advertisement  of  Messrs.  Arrol  Brothers,  of  Glas- 
gow, and  it  is  thought  that  it  will  be  of  interest  to  many 
railroad  engineers  in  this  country,  as  an  example  of  the 
common  practice  in  Great  Britain  for  securing  greater 
safety  to  travelers.  There  are  many  stations  in  this  coun- 
try where  such  bridges  should  be  provided,  and  as  traffic 
increases,  crossing  bridges  of  this  character  will  become 
much  more  common  in  this  country  than  they  have  been 
heretofore. 


Iron  Ore  Contracts. — In  Cleveland,  which  is  the  lending 
market  for  Lake  Superior  ores,  an  active  demand  is  reported, 
especially  for  Bessemer  ores.  Good  authorities  estimate  that 
contracts  have  heen  made  for  3,000,000  tons  for  the  .season. 
Naturally,  prices  are  high,  and  freights  by  lake  are  firm  also. 
At  Cleveland,  specular  and  magnetic  Bessemer  ores  are  quoted 
at  $7  per  ton  ;  specular  (non-Bessemer)  ores,  $6  ;  Bessemer 
hematites,  $5.75  @  $6.50,  and  other  hematites  $4.50  @  §5.75 
per  ton. 


Electric  Street  Cars.* 

The  great  question  agitating  street-railroad  companies 
in  this  country  at  the  present  time  is  the  use  of  some 
motive  agency  more  economical  and  convenient  than 
horses.  It  is  no  exag.:eration  to  say  that,  after  about  half 
a  century  of  patient  trial,  they  have  become  profoundly 
dissatisfied  with  animal  power  and  are  ready  to  adopt  any 
system  that  can  establish  its  claim  to  their  preference. 

The  struggle  for  supremacy  in  this  field  of  occupation 
may  fairly  be  said  to  have  narrowed  itself  down  to  three 
competitors — the  horse,  the  cable  and  the  electric  motor. 
Steam  used  directly  seems  to  be  viewed  with  more  and 
more  disfavor  as  the  years  go  by,  and  has.  within  city 
limits,  come  to  be  considered  very  much  in  the  light  of  a 
nuisance.  The  lowest  cost  of  operation  per  steam  motor 
per  day  in  usual  service,  quoted  authoritatively,  is  $8.50 
to  $7.  But  even  if  steam  were  cheap,  there  are  grave  ob- 
jections on  the  score  of  noise,  smell  and  dirt.  The  mere 
fact  that  steam  locomotives  have  been  in  successful  use 
50  years,  but  are  still  denied  employment  on  the  streets, 
tells  its  own  story  as  to  public  opinion.  To  some  of  us 
the  banishment  of  steam  even  from  the  tracks  of  elevated 
roads  seems  a  matter  of  but  a  few  years.  As  for  gas. 
soda  and  compressed-air  motors,  the  writer  is  not  aware 
that  they  offer  any  points  of  superiority  over  steam  for  the 
specific  purpose  under  discussion. 

Coming  to  horses,  we  find  that,  in  spite  of  their  univer- 
sal use  and  their  faithful  performance  of  duty,  they  inspire 
a  discontent  anything  but  complimentary,  yet  hardly  to 
be  wondered  at.  The  statistics  of  horse-cars  are  import- 
ant and  interesting,  and  deserve  our  attention  as  covering 
the  sphere  within  which  the  electric  motor  will  operate 
There  are,  according  to  the  latest  returns  available  for 
this  year,  about  625  street  railroads  of  all  kinds  in  the 
United  States  and  Canada.  Taking  40S  horse  roads 
giving  full  and  trustworthy  figures,  it  is  found  that  they 
run  17,331  cars  and  employ  85,888  horses.  If,  at  the  same 
ratio,  we  took  all  the  horse  roads,  upward  of  500,  we 
should  arrive  at  a  result  of  not  far  short  of  25,000  cars 
and  1 20,000  horses,  a  total  that  probably  comes  very  near 
the  actuality.  Taking  the  other  figures,  tested  by  three 
sources  of  information,  it  appears  that  all  the  horse-car 
lines  are  maintaining  a  proportion  of  at  least  five  horses 
to  each  car.  But  that  is  inclusive,  and  making  a  reason- 
able allowance  for  the  use  of  different  cars  lor  winter  and 
summer,  and  for  idle  cars,  as  well  as  for  doubling  up  in 
heavy  snows,  a  result  is  shown  of  at  least  eight  to  ten 
horses  per  car.  This  is  the  proportion  usually  cited,  and 
it  is  brought  out  on  a  special  examination  of  the  statistics 
for  New  York  City. 

The  conclusion  reached  is  that  the  cost  of  horse  power 
for  a  car  is  not  less  than  $6.50  per  day  with  horses.  To 
this  cost  is  to  be  added  the  necessary  expense  of  large 
stables,  requiring  an  extensive  investment  in  real  estate 
and  buildings,  and  the  cost  of  replacing  horses,  whose 
average  life  at  this  work  is  not  over  five  years. 

The  cable  system  is  open  to  two  objections,  its  large 
first  cost  and  the  small  part  of  the  power  actually  used  in 
moving  the  cars.     Figures  produced  in  this  paper  make 
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the  cost  of  a  cable  railroad  about  $50,000  per  mile  of  single 
track,  putting  it  out  of  the  <iucstion  for  roads  of  moderate 
traffic.  Other  figures  arc  given  from  actual  experience 
with  cable  railroails.  which  would  show  that  from  68  to 
80  per  cent,  of  the  power  is  rec|uired  to  move  the  machinery 
and  cables,  leaving  from  32  to  20  percent,  actually  utilized 
for  the  movement  of  the  rolling  stock.  At  the  best,  this 
system  is  only  available  where  the  traffic  is  sufficient  to 
pay  interest  on  a  heavy  first  cost. 

This  leaves  the  field  open  to  the  advocates  of  electric 
railroads,  whose  case  is  fairly  stated  in  this  paper. 

There  are  four  leading  systems  of  electric  motors  which 
are  considered  in  order,  as  follows: 

1st.  The  third-rail  system. 

2d.  The  overhead  conductor  system. 

3d.  The  conduit  system. 

4th.  The  storage  or  secondary  battery  system. 

1.    The  third-rail  system  is  represented  by  two  roads 


height  of  18  or  20  feet.  The  Appleton  road,  which  has 
five  cars,  is  run  by  water-power,  having  a  pair  of  turbines 
which  will  develop  100  horse- power  and  are  now  running 
a  60  horse- power  dynamo.  The  Montgomery  road  is 
notable  as  being  a  complete  city  system,  having  10 
miles  of  track.  The  .Scranton  road  which  started  in 
January  has  two  features  of  special  interest.  One  is  that 
in  a  city  of  nearly  60,000  people  an  overhead  conductor  is 
allowed;  the  other  is  that  the  line  is  operated  from  the 
electric-light  station.  The  road  is  zj/z  miles  long  and  has 
1 2  grades,  most  of  them  6  per  cent.  There  are  in  use  two 
heavy  cars  running  at  a  speed  varying  from  4  to  15  miles 
an  hour.  The  current  is  conveyed  by  a  conductor  0.3  inch 
in  diameter,  the  rails  forming  the  return.  A  traveler  with 
rollers  and  a  fle.xible  cable  passes  the  current  to  the  motor, 
which  stands  on  the  front  platform  in  sight  of  the  driver. 
The  electric-light  station  recei\es  $9  per  day  for  running 
the  60  horse-power  generator,  and  an  increase  in  rolling- 
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in  actual  operation,  one  a  suburban  line,  on  the  Daft  s)"s- 
tem,  in  Baltimore,  and  the  other  the  Highland  Railroad 
in  Detroit.  The  Baltimore  hne  is  now  in  its  second  year 
of  operation  ;  it  is  a  road  with  comparatively  light  traffic 
and  has  so  far  been  very  successful.  The  cost  of  power 
is  reported  at  $4  per  car  per  day,  against  $6. 50  for  horses. 
The  road  has  been  so  successful  as  an  investment  that  an 
extension  is  now  under  construction.  The  largest  item  in 
expenses  is  fuel,  coal  costing  $3.50  per  ton. 

The  Highland  road  in  Detroit  is  also  a  line  of  light 
traffic;  it  is  a  much  easier  line  to  operate  than  the  Balti- 
more road,  being  free  from  steep  grades  and  sharp  curves. 
It  is  three  miles  long,  and  has  been  so  successful  that  plans 
are  arranged  for  an  extension. 

The  conclusion  reached  is  that  the  third- rail  system 
must  be  limited  to  a  low  electromotive  force,  and  is  best 
adapted  to  suburban  lines  of  light  traffic. 

2.  Of  the  overhead  conductor  systems  the  Van  Depoele 
systems  form  an  important  group.  These  roads  are  now 
in  operation  at  Detroit,  Mich.;  Port  Huron,  Mich.;  Wind- 
sor. Ont.;  Appleton,  Wis.;  Montgomery,  Ala.,  and  Scran- 
ton,  Pa.  In  these  systems  the  feeding  conductor  is  sus- 
pended by  side  poles,  or,  as  at  Appleton,  has  double  wires 
•corresponding  to  the  track,  but  immediately  above  it  at  a 


stock  will  mvolve  very  little  increase  in  cost  of  power. 

Under  this  head  also  should  be  included  two  new  roads 
built  by  Mr.  Daft  at  Los  Angeles,  Cal.,  one  3>2  and  one 
2jj  miles  long.  On  these  roads  the  motor  is  placed  in 
the  center  of  the  car,  taking  the  room  of  two  passengers. 

The  overhead  conductor  system  is  necessarily  limited 
to  currents  of  low  electromotive  force,  but,  like  the  third- 
rail  system,  may  be  employed  in  places  where  the  expense 
of  a  cable  system  would  be  out  of  the  question,  and  even 
horses  could  not  be  made  to  pay. 

3.  The  first  exemplification  of  a  conduit  system  in  this 
country  was  given  by  the  Bentley-Knight  Electric  Rail- 
way Company,  in  18S5,  at  Cleveland.  A  working  section 
of  their  line  can  now  be  seen  at  the  Rhode  Island  Loco- 
motive Works,  and  as  it  illustrates  in  a  striking  manner 
the  principles  involved,  a  few  of  the  leading  points,  now 
described  for  the  first  time,  are  touched  on.  The  conduit 
is  made  to  resist  the  heaviest  wear  and  strain  of  street 
trafiic.  The  surface  opening  or  slot  is  only  ^  inch  wide, 
and  the  total  width  of  metal  at  the  street  surface  is  but  3 
inches.  The  conduit  is  kept  clean  by  a  broom  of  peculiar 
shape  suspended  from  the  car.  This  broom  is  said  to 
have  swept  out  m  a  single  trip  the  accumulation  from  12 
hours'  constant  snowing.      \t  convenient  points  catch- 
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pans  with  sewer  connections  receive  the  sweepings  and 
effect  drainage.  The  two  main  conductors  consist  of 
channel  iron  connected  by  expansion  joints  and  lined 
with  a  continuous  strip  of  copper  of  sufficient  size  to  carry 
the  current  with  but  small  loss  of  energy.  These  con- 
ductors are  fastened  10  the  side  walls  of  the  conduit  on 
insulators  of  vulcanized  wood  dipped  in  white  lead.  The 
insulators  are  strongly  set  in  sockets  in  the  cast-iron  sup- 
porting yokes.  Neither  the  traffic  rails  nor  the  conduit 
structure  form  any  part  of  the  electrical  circuit.  To  pro- 
vide for  switching,  a  movable  tongue  is  pivoted  at  the 
point  of  branching,  so  as  to  rest  on  the  top  of  the  conduit 
and  to  be  readily  set  to  close  either  of  the  branch  slots 
and  direct  the  contact  plow  into  the  other.  A  corre- 
sponding conductor  tongue  within  the  conduit  is  moved 
at  the  same  time.  The  contact  plow  for  making  connec- 
tion consists  of  a  flat  frame  hung  from  the  car  by  trans- 
verse guides,  on  which  it  is  free  to  slide  the  whole  width 
of  the  car,  and  extending  thence  down  through  the  slot  of 
the, conduit.  It  is  provided  with  a  swivel  joint,  so  as  to 
adjust  itself  to  all  inequalities  of  road  or  conduit.  This 
frame  carries  two  fiat,  steel,  insulated  conductor  cores,  to 
the  lower  ends  of  which  are  attached,  by  a  spring  hinge, 
small  contact  shoes  of  chilled  cast-iron  that  slide  along  in 
contact  with  the  two  main  conductors.  At  the  upper 
ends  are  flexible  connections  leading  to  the  motor.  This 
plow  can  be  inserted  or  withdrawn  through  the  slot  at 
will,  the  spring  hinge  allowing  the  contact  shoes  to 
straighten  out  into  line  with  the  conductor  cores  when 
the  plow  is  pulled  upward  and  the  shoes  strike  the  insu- 
lating lining  with  which  the  slot  irons  are  provided.  By 
no  accident,  therefore,  can  anything  be  left  behind  in  the 
conduit  to  obstruct  succeeding  cars.  The  plow  guides  ; 
are  hung  on  transverse  axes,  and  are  held  in  a  vertical 
position  by  a  spring  catch  that  gives  way  when  the  plow 
meets  an  irresistible  obstruction,  and  hence  the  plow  is 
automatically  thro>vn  completely  out  of  the  conduit  with- 
out mjury,  being  also  immediately  replaceable.  The  con- 
tact shoes  will  stand  weeks  of  wear,  and  cost  next  to 
nothing.  The  frame  of  the  plow  has  wearing  guards  of  ' 
hardened  steel  wherever  it  can  touch  the  edge  of  the 
conduit  slot,  and  these  are  also  readily  renewed.  Two 
plows  are  used  on  each  contact  for  the  sake  of  absolute 
reliability,  and  to  prevent  flashing  at  the  contact.  The 
connection  between  the  wheels  and  motor  consists  of  a 
svstem  of  gear  wheels  and  connecting-rods,  the  gears 
being  deadened  so  as  to  be  quite  noiseless.  The  company 
makes  a  completely  equipped  steel  framed  truck,  with 
motor,  etc.,  upon  which  can  be  placed  any  car-body. 
These  have  a  wheel-base  of  6  feet,  a  standard  gauge  of  4 
feet  8}4  inches  and  can  be  used  on  curves  with  a  radius 
of  45  feet  A  motor  of  the  Gramme  type  is  used  under  i 
the  car.  For  long  distances,  the  motors  are  in  series  with 
current  constant ;  for  short  distances,  the  motors  are  put 
in  multiple  arc  and  a  new  form  of  resistance  is  used. 

An  estimate  ot  the  cost  of  this  system  for  an  existing 
road  in  New  York  City,  3J4:  miles  long,  double  track,  with 
very  heavy  traffic  (cars  to  run  i 'i  minute  headway), 
maximum  grade  3  per  cent.,  and  cars  running  night  as 
well  as  day,  was,  for  first  cost  of  plant,  $213,830;  running 
expenses  and  interest  on  cost  of  plant,  $39,320  yearly. 

The  conduit  system  of  Mr.  Wm.  Schlesinger  has  been 
in  use  for  some  months  by  the  Union  Electric  Company, 
in  Philadelphia.  It  consists  of  two  conduits,  the  upper 
of  heavy  channel  iron  for  connection,  the  lower  of  wood 


or  cement  for  drainage.  To  insulate  the  conductors,  an 
angle  iron  is  riveted  to  the  top  flange  of  the  channel  iron 
in  such  a  manner  that  one  of  its  flanges,  pointing  down- 
ward, parallel  to  the  main  side  of  the  channel  iron,  forms 
one  side  of  the  slot.  In  the  inverted  trough  thus  formed 
the  copper-bar  conductors  arc  fastened,  the  contact  being 
on  the  under  side.  Against  the  conductors,  pulling  up- 
ward, rub  or  press  springs,  making  a  firm,  close  contact 
under  control  by  n.eans  of  a  frame  holding  the  springs. 
In  this  system  the  motor  is  under  the  car  between  the 
axles  and  geared  to  them  by  chains.  The  motors  are  in- 
tended to  work  in  multiple  arc. 

It  is  claimed  that  in  the  conduit  system  the  net  return 
of  power  reaches  from  50  to  60  per  cent.,  while  the  first 
cost  is  only  about  half  that  of  a  cable  road.  A  feature  of 
the  conduit  system  is  that  it  is  the  only  one  with  which  high 
potentials  can  be  employed  on  the  streets.  With  it,  also, 
the  power  stations  can  be  placed  near  ample  water  supply 
or  where  rents  are  low,  or  can  each  be  given  a  section  of 
road  to  operate. 

4.  The  storage  or  secondary  battery  system,  though  not 
favorably  regarded  by  some. electricians,  has  been  success- 
fully tried.  It  is  stated  that  this  system  is  to  be  exten- 
sively used  at  an  early  date  by  the  North  Metropolitan 
Tramway  Company,  in  London.  At  Antwerp,  in  1885, 
after  six  months'  competition  with  four  other  cars  using 
either  steam  or  compressed  air,  the  Julien  electric  storage 
car  took  the  first  prize,  awarded  by  a  jury  of  well-known 
experts.  There  were  in  all  23  points  of  comparison.  The 
Julien  car  has  since  been  tried  in  Hamburg,  and  another 
has  been  in  operation  on  the  Eighth  Avenue  line,  in  New 
York.  It  will  be  admitted  that  there  are  advantages  in 
having  each  car  an  independent  unit,  offsetting  the  disad- 
vantage of  carrying  the  dead-weight  of  batteries ;  and 
that  single  cars  on  any  road  can  be  taken  in  hand  for 
change,  so  that  existing  rolling-stock  can  be  progressively 
adapted  to  the  new  conditions.  This  involves  a  smaller 
initial  outlay  and  gives  opportunity  to  train  the  present 
force  in  its  unfamiliar,  though  simple  duties.  Now,  re- 
garding first  cost.  :t  has  been  said  that  two  sets  for  an 
ordinary  street  car  would  cost  about  $1,500.  That  seems 
high.  The  Julien  Company  states  that  the  cost  of  the 
horses  for  a  car  more  than  covers  the  initial  outlay  of  the 
change;  the  estimate  is  also  made  by  the  company  of  a 
total  daily  running  expense  of  not  to  exceed  $5  per  car  in 
cities  on  heavy  traffic.  As  to  life  of  the  batteries,  those 
in  the  Hamburg-Julien  car  have  been  in  daily  use  since 
April,  and  they  show  by  test  a  return  of  more  than  80  per 
cent,  of  the  power  with  which  they  are  charged.  The  car 
is  running  on  regular  daily  service.  In  respect  to  Ameri- 
can storage  batteries  it  may  be  mentioned  that  the  Elec- 
trical Accumulator  Company,  whose  officers  have  a 
standing  in  electrical  circles,  guarantees  two  years'  life 
for  its  new  battery  and  an  80  per  cent,  return  of  power. 
The  criticism  has  been  made  that  ordinarily  20  per  cent, 
of  the  stored  energy  is  retained  on  each  emission,  but, 
obviously,  that  is  no  loss,  forming  simply  20  per  cent,  of 
the  succeeding  charge. 

It  is  thought  that  a  number  of  efforts  will  shortly 
be  made  in  the  direction  of  using  secondary  batteries 
for  regular  work  on  street  cars,  and  the  result  will  merit 
the  most  careful  study.  There  are,  moreover,  some  in- 
genious propositions  for  combining  the  conduit  and  stor- 
age systems,  so  as  to  enjoy  the  benefits  of  both.  Mr.  J. 
M.  Pendleton  has  described  a  plan  of  his  of  this  nature. 
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and  Mr.  Elias  Ries.  of  lialumorc,  has  also  carefully 
elaborated  .such  a  system,  in  which  stora.'.^'e  plays  an  iin- 
|)ortant  part. 

Mr.  Martin  concludes  Ins  paper  as  follows:  "Here, 
then,  illustrated  in  a  variety  of  ways  and  by  numerous 
examples,  we  have  a  comparison  of  electricity  with  other 
power  for  propelling  street  cars,  and  an  idea  is  given, 
very  imperfectly,  of  the  wide  range  of  choice  that  elec- 
tricity itself  oilers  as  to  methods  and  means.  Much  of 
what  has  been  said  has  its  direct  and  favorable  bearing 
on  elevated  railroad  traction,  as  well  as  on  that  for  under- 
ground railways,  but  the  time  will  not  permit  me  to  pur- 
sue the  subject  any  further.  Many  points  of  discussion 
arise  as  to  the  connection  of  the  car  a.xles  with  the  motor; 
the  use  of  independent  motor  cars  or  of  motors  on  the 
passenger  cars;  the  types  of  motors  and  of  conduits  or 
conductors  ;  the  potential  that  is  safe  under  certain  con- 
ditions; the  methods  of  regulating  motor  speed  ;  the  use 
of  resistances  ;  but  all  these  and  others  I  may  leave  to  you, 
many  of  whom  are  doing  practical  and  creditable  work  in 
this  field,  and  who.  by  thus  'hitching  your  wagon  to  a 
star.'  have  shown  that  street  cars,  if  run  by  electricity, 
may  yet  be  brought  up  to  the  most  advanced  notions  of 
humanity,  comfort,  convenience  and  economy. 

"  All  that  remains  is  to  press  onward  and  occupy  the 
preempted  territory  that  awaits  us.  As  Emerson  sajs: 
'Our  duty  is  plainly  not  to  throw  ourselves  across  the 
track,  not  to  block  improvement,  not  to  sit  still  till  we  are 
stone,  but  to  watch  the  uprise  of  successive  mornings 
and  to  conspire  with  the  new  works  of  new  days.'  This 
sentiment  may  surely  be  appropriated  by  modern  electri- 
cians, who  every  year  put  their  skill  to  some  severer  test, 
and  every  year  win  fresh  triumphs.  In  beginning  this 
street-railroad  work,  we  may  count  on  a  large  and  profit- 
able travel  for  some  time  to  come  through  the  mere 
novelty  of  the  thing,  but  as  the  art  improves  it  will  more 
and  more  manifest  its  right  to  street-railroad  propulsion 
on  the  strictest  business  principles,  as  well  as  on  every 
other  ground  of  merit  " 


.\fter  long  study  Mr.  Arbel  has  invented  a  form  of 
wheel  completely  satisfying  every  requirement,  the  pro- 
cess of  manufacture  being  very  simple  and  well  adapted  to 
his  plant,  so  that  he  can  fill  large  orders  promptly. 

PROCESS   (W    MANUFACrURIC. 

The  ribbed  disk-wheel  differs  from  the  common  spoke- 
wheel  merely  by  the  addition  of  a  plate  welded  to  the 


Fig.  I. 

outer  face  of  the  latter.  Hence,  it  is  evident  that  the 
manufacture  is  divided  into  two  distinct  processes,  which 
will  be  described. 

The  first  operation  is  the  forging  of  the  common  spoke- 
wheel,  and  the  second,  the  welding  of  the  plate  to  the 
aforesaid  wheel. 

First  maiiufactiirf :  Forging  the  common  spoke-wheel. — 
The  process  of  making  a  spoke-wheel  being  well  known, 
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The  disk-wheels  hitherto  used,  with  projecting  portions 
which  are  either  straight  or  rounded,  according  to  the 
form  of  a.\le,  have  the  great  disadvantage,  in  the  case 
of  fast  trains,  of  accumulating  considerable  dust  between 
the  projecting  portions  and  the  outer  face  of  the  tire, 
which  dust  falls  into  the  grease-boxes  when  the  train 
stops,  and  heals  the  axles.  Thus  it  is  not  unusual,  in 
long  runs,  for  the  heated  axles  to  be  removed  from  the 
cars  and  others  substituted  ;  which  always  disturbs  pas- 
sengers, especially  when  the  changes  are  made  at  night. 
To  avoid  this  inconvenience  and  prevent  the  accidents 
which  might  occur,  several  railroad  companies  have  tried 
the  plan  of  fastening  a  thin  sheet-iron  plate  upon  the 
outer  face  of  the  wheel,  securing  the  plate  to  the  rim  and 
hub  with  screw-bolts.  But  this  plan  was  a  total  failure, 
for  the  plates  being  insecurely  attached  to  the  wheels, 
were  shaken  ofT  by  the  action  of  centrifugal  force  and 
shocks,  and,  moreover,  the  continual  vibration  of  the  thin 
sheet-iron  plates  produced  a  disagreeable  noise. 


it  is  useless  to  detail  the  various  steps;  we  will  merely 
point  out  the  differences  between  a  common  spoke 
wheel  and  the  spoke-wheel  which  is  to  become  a  ribbed 
disk-wheel.  These  differences  consist:  first,  in  shaping 
the  wheel,  which  is  contained  entirely  in  the  lower  die. 
Fig.  I,  having  simply  a  plane  surface  with  a  depression  on 
the  edge,  of  the  depth  h,  about  y%   inch   less   than  the 


Fig.   3- 

thickness  of  the  plate  ;  second,  in  cutting  away  the  wheel, 
as  shown  by  the  hatched  outlines,  Fig.  3;  finally,  in  fin- 
ishing the  seat  for  the  plate  in  a  lathe.  Thus  the  sections 
of  the  rim,  spokes  and  hub  will  have  the  form  shown  in 
Fig.  2.  It  will  be  noticed  that  all  the  sections  are  rounded 
on  the  edges  so  as  to  form,  even  on  the  projecting  por- 
tions, depressions  which  will  increase  the  surface  of  con- 
tact with  the  plate. 
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A  second  heating  finishes  this  wheel,  and  gives  it  the 
form  represented  in  Fig.  3-  The  wheel  is  readily  cut  out. 
as  shown  by  the  hatched  outlines.  Fig.  3,  in  a  slotting- 
machine.  The  seat  for  the  plate  is  quickly  finished  in  an 
ordinary  lathe. 

Secoiuf  operation:  WMing  the  plate  or  disk  to  the 
spoke  wheel.— 1V\%  operation  is  very  simple,  and  is  per- 
formed as  follows,  the  upper  die  being  changed  for  a 
plane  surface,  Fig.  4 : 

First,  the  wheel  is  heated  to  a  temperature  of  from 
1,800°  to  2,200"  Fah.,  then  the  plate  is  placed  upon  the 
seat.  Fig.  5.  having  been  turned  down  to  a  diameter  ^ 
inch  les"s  than  that  of  the  seat,  and  having  in  the  center 
a  hole  of  less  diameter  than  the  bore  of  the  hub.    This 


operation,  which  consists  in  heating  the  wheel  before 
putting  the  plate  in  place,  will  be  readily  understood,  by 
reason  of  the  relative  thickness  of  the  plate  in  comparison 
with  the  thickness  of  the  other  parts  of  the  wheel;  con- 
sequently, all  parts  of  the  wheel  simultaneously  attam  the 
required  temperature.  The  plate  being  in  position,  the 
wheel  is  then  put  into  the  fire  and  brought  to  a  welding 
heat  after  which  a  few  blows  from  a  20-ton  ram  are  suffic- 
ient'to  weld  all  parts  of  the  plate  which  are  in  contact 
with  the  wheel. 

It  is  proper  to  state  the  projecting  portions  resulting 
from  the  first  operation  usually  have  a  thickness  of  from  \i 
to  \  inch,  and.  as  they  are  only  cut  away  on  the  edges  and 
not  entirely  removed  in  the  lathe,  the  thickness  of  the  wheel 


Fig.  5- 

is  also  increased  from  >^  to  \  inch.  This  increase  is  in- 
tended as  a  provision  for  the  losses  of  the  second  opera- 
tion, and  to  act  as  a  scarf  and  facilitate  the  welding  of  the 
plate  to  all  parts  of  the  wheel. 

This  wheel  is  readily  adapted  to  all  methods  of  connec- 
tion with  the  tire.  Figs.  6.  7.  8.  of  the  accompanying 
cuts  show  the  methods  most  generally  employed.  Ihe 
last  shows  the  standard  adopted  by  several  railway  com- 
panies, among  others  by  the  Orleans  Railway  Company, 
also  by  the  International  Sleeping-Car  Company.  It  gives 
absolute  safety  in  case  a  tire  breaks. 

The  wheel  has  the  following  advantages  : 
It  does  not  raise  dust,  and  presents  no  resistance  to 
the  air      It  is,  weight  for  weight,  stronger  than  the  disk- 
wheel  with  straight  or  rounded  projections,  and  stronger 
too  than  the  common  spoke  wheel,  since  the  eflfects  of 
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torsion  and  compression  upon  tho  spokes  are  greatly 
lessened  by  the  resistance  of  the  plate.  It  presents  a 
much  greater  resistance  and  a  much  greater  surface  of 
contact  to  the  strains  pro'iuced  by  the  tire.  It  is  very 
easily  kept  clean.  Finally,  it  is  not  liable  to  get  out  of 
shape  in  attaching  the  tire,  as  many  experiments  made  by 
the  Orleans  Railway  Company,  in  its  shops  at  Paris, 
have  proved  ;  in  brief,  it  has  all  the  ^ood  qualities  of 
disk  and  spoked-wheels,  without  any  of  the  disadvantages 
of  either. 

The  table  annexed  to  the  plate  shows  the  result  of  ex- 
periments made  by  Mr.  Cheret,  Superintendent  of  the 
Orleans  Railway  Company.     Tests  made  by  the  Eastern 


Railway  Company  and  the  International  Sleeping-Car 
Company  have  given  about  the  same  results,  and  serve  to 
confirm  the  qualities  and  superiority  of  this  invention. 

Comparing  the  results  he  obtained  with  this  type  of 
wheel,  to  the  results  obtained  with  spoked-wheels  and 
common  disk-wheels  with  straight  or  rounded  projec- 
tions, it  is  evident  that  the  ribbed  disk-wheel  invented  by 
Mr.  Arbel  is  much  superior  to  the  wheels  heretofore 
made ;  and,  on  account  of  the  success  achieved  by  the 
Arbel  wheel,  several  railway  companies  have  just  deter- 
mined to  adopt  it  as  the  standard  (or  all  their  passenger 
cars. 

Now  that  the  use  of  continuous  brakes  is  very  com- 
mon, there  is  a  demand  for  an  article  capable  of  thor- 
oughly resisting  heavy  strains  and  having  absolute  rigidity. 


In  these  respects,  the  new  wheel,  it  is  claimed,  has  all  the 
qualities  which  could  be  desired. 

C.  Ch6mienne. 
CONZON,  May  6th.  1SS5. 

(In  the  cuts  all  Hiiaensions  arc  in  millimeters.  1 

Methods  of  fastening  the  tire  to  the  wheel. 

Fig.  6,  Eastern  Railway.  Fig.  7,  Austrian-Hungarian 
State  Railway.  Fig.  8,  Orleans  Railway.  Fig.  9.  wheel 
before  test.     Fig.  10,  wheel  after  test. 

arbel's  i'atent  ribbed  disk-wheel. 

The  wheel  was  laid  in  a  horizontal  position  upon  a  disk- 
shaped  bed.  A  ram  weighing  83,776  pounds,  with  a  drop 
of  7.9  inches,  striking  upon  a  washer  placed  on  the  hub  of 
the  wheel,  gave  the  results  shown  in  the  following  table: 

Number  of  blows.        Amount  of  bending,  Remarks. 

o  o  Ram  resting  upon  washer. 


Slight  crack  on  spoke  No. 
about  1  inch  from  the  ir 
terior  of  the  rim. 


There  was  no  breaking  in  the  weld. 

The  increase  of  diameter  in  the  bore  of  the 
plate  was  attached,  was  0.47  inch,  correspondii 
per  cent,  without  cracking. 


Modern  Warships. 

Mr.  VV.  H.  White,  Director  of  Naval  Construction 
and  Assistant-Controller  of  the  British  Navy,  delivered  in 
January  at  the  Mansion-House,  London,  a  lecture  on  " 
Modern  Warships."  The  lecture,  which  was  illustrated  by 
diagrams  and  models,  was  one  of  a  series  given  by  mem- 
bers of  the  Company  of  Shipwrights. 

Mr.  White  opened  his  lecture  by  explaining  that  his  ob- 
ject was  to  place  before  the  meeting  facts  and  figures  il- 
ustratingthe  progress  of  warship  building  in  recent  years, 
and  that  he  should  confine  his  attention  almost  exclus- 
ively to  the  period  between  1S59,  when  the  iron-clad  recon- 
struction of  the  Royal  Navy  began,  and  the  present  year. 
This  period  had  witnessed  greater  changes  than  had 
taken  place  in  the  whole  preceding  history  of  warship 
building.  When  he  entered  the  admiralty  service  28  years 
ago  the  too  long-deferred  steam  reconstruction  of  the 
Navy  was  in  full  swing,  the  Admiralty,  forced  on  by  the 
action  of  Napoleon  III  and  his  able  naval  architect,  M. 
Dupuy  de  Lome,  having  at  last  faced  the  necessity  of  fit- 
ting screw  propellers  and  steam  machinery  to  the  largest 
classes  of  w'arships.  In  the  century  and  a-half  per- 
ceding  this  change  the  progress  made  in  shipbuilding  was 
slow,  and  vessels  remained  effective  for  long  periods,  the 
Victory,  for  example,  being  40  years  old  w  hen  she  fought 
at  Trafalgar.  The  lead  taken  by  the  French  in  the  steam 
reconstructions  and  in  the  constructing  of  iron-clad  fr-g- 
ates  such  as  the  Gloirf  was  undoubtedly  the  primary 
cause  of  most  subsequent  activity  in  warship  building. 
English  naval  authorities  in  1S58-59  would,  no  doubt, 
have  gladly  postponed  action  in  the  building  of  armor- 
clads  had  they  been  free  to  decide.  The  Cloire  and  her 
consorts  made  action  imperative,  and  in  May,  1859, 
the  first  English  sea-going  -irmored  ship,  the  War- 
rior, was  ordered.  In  France,  the  Gloire  and  nearly  all  her 
consorts  were  really  converted  Napoleons,  in  otherwords. 
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wood-hulled  screw  two-deckers,  converted  into  armored 
frigates.  The  IVnrn'or.  on  the  other  hand,  was  an  entire- 
ly novel  design,  of  unprecedented  length  and  size,  with 
iron  hull  and"  new  structural  arrangements  and  fittings. 
The  Gloht  and  Warrior  and  all  their  successors  owed 
their  existence  to  the  terribly  destructive  effects  of  shell- 
fire  on  unarmored  wood-built  ships.  The  primary  use 
of  armor-plating  was  to  keep  "  common  shell,"  with 
large  bursting  charges,  out  of  the  batteries  of  ships,  and 
for  a  long  period  the  struggle  between  the  "attack  "  and 
tfce  "defense  "  in  warships  was  chiefly  one  between  guns 
and  armor.  The  \)2  inch  armor  and  thick  wood-back- 
ing on  the  Warrior's  sides  were  practically  proof  against 
the  heaviest  shot,  as  well  as  the  shell,  of  the  armaments 
carried  when  she  was  designed.  In  the  first  stage  of  the 
contest,  therefore,  the  defense  scored  victory,  but  it  was 
not  a  lasting  one.  Gun  manufacture  rapidly  developed 
and  continued  to  advance,  improved  kinds  of  powder  were 
devised,  projectiles  were  produced  of  a  vastly  superior 
kind,  and  so,  step  by  step,  the  power  of  this  form  of  attack 
had  been  increased  to  an  astounding  extent.  Shortly 
stated,  guns  had  been  increased  in  weight  from  4;'+  tons 
to  no  tons,  in  powder  charge  from  16  lbs.  to  goo  lbs.,  in 
weight  of  projectiles  from  68  lbs.  to  1,800 lbs.,  in  "energy  " 
(measuring  the  force  of  the  blow  struck  on  impact)  from 
450  foot-tons  to  more  than  50,000  foot-tons  at  a  range  of 
1. 000  yards.  The  68-pounder  failed  to  penetrate  the 
Warrior  ,targec.  with  4'2  inches  of  wrought-iron  armor, 
at  close  range  ;  the  1  lo-ton  gun  could  penetrate  35  inches 
of  iron  at  i, 000  yards.  There  could  be  no  question  but  that 
the  power  of  the  heaviest  guns  now  carried  in  warships, 
as  compared  with  the  resistance  of  the  strongest  armored 
defense  in  existing  ships,  was  greater  than  it  had  been 
at  any  time  since  the  iron-clad  reconstruction  began.  Nor 
was  the  end  yet  reached,  for  new  projectiles  and  explos- 
ives were  being  produced  which  might  reasonably  be  ex- 
pected to  place  the  attack  in  an  even  superior  position  in 
relation  to  the  defense.  From  the  very  nature  of  the  case, 
the  attack  must  have  greater  flexibility  and  capability  of 
variation  of  development  than  the  defense.  On  the  other 
hand,  it  was  but  right  to  note  that  the  defense  showed  to 
least  advantage  under  the  conditions  of  peace  experiment. 
These  conditions  were  altogether  favorable  to  the  attack; 
and  in  actual  warfare,  as  was  well  known,  the  gun  did 
not  show  the  same  power  as  at  Shoeburyness,  Gavres  or 
Spezia.  Speaking  broadly,  from  1859  to  1873.  the  first 
half  of  the  period  under  review,  the  most  notable  changes 
in  warships  might  be  said  to  have  resulted  from  the  de- 
sire, on  the  one  hand,  to  carry  fewer  but  heavier  guns  un- 
der armor  protection,  giving  to  these  guns  great  hori- 
zontal command  ;  and,  on  the  other  hand,  to  increase  the 
defense  by  thickening  armor  over  the  protected  portions 
of  ships,  obtaining  this  result  by  carrying  larger  relative 
weights  of  armor  and  diminishing  the  ratio  of  armored 
surface  to  the  total  surface  of  the  ship's  sides.  After  the 
old-fashioned  broadside  system  of  mounting  guns,  as  in 
the  Warrior  and  Minotaur,  came  the  "  belt  and  battery  " 
system  of  1863-67,  exemplified  by  the  Bellerophon  and 
Hercules.  The  Devastation,  of  1869,  marked  another  step, 
the  introduction  of  the "  breastwork  monitor"  type,  in 
which  sail  power  was  frankly  abandoned  and  twin  screws 
intrusted  with  the  safety  of  the  ship  at  sea.  The  Inflex- 
ible, of  1874,  with  her  armament  of  four  heavy  guns  in  two 
turrets,  with  complete  command  of  the  horizon,  repre- 
sented in  the  highest  degree  the  principle  of  concentration 
of  armor  and  armament.  .At  this  period  our  clever  neigh- 
bars  across  the  Channel  perceived  that  while  our  sailless 
turret  ships  of  moderate  freeboard,  with  very  few  but 
heavy  guns,  had  great  fighting  power,  they  also  had  spec- 
ial weaknesses.  So  when  they  set  to  work  on  the  new 
French  fleet,  after  the  war  of  1S70,  they  designed  ships 
in  which  the  few  heavy  guns  were  mounted  en  barbette 
high  above  water ;  and  associated  with  these  a  large  num- 
ber of  lighter  guns,  in  positions  not  protected  by  armor. 
These  light  guns  could  be  fought  either  simultaneously 
with  the  heavy  guns  or  independently,  worked  and  fired 
with  great  rapidity,  and  under  many  circumstances  must 
clearly  be  of  the  greatest  value  both  in  action  between 
battle-ships  and  in  repelling  torp(;do  attacks.  The  con- 
struction of  these  new  foreign  ships   led  to  the  design  of   I 


the  first  barbette  ships  of  the  At/miral c\a.ss  in  1880,  and 
to  the  laying  down  of  five  other  similar  vessels  in  1880- 
82.  In  these  ships  each  of  the  two  barbettes  was  a  sep- 
eratc  armored  citadel,  complete  in  itself  and  far  distant 
from  the  other.  In  (act,  the  principle  of  "distribution" 
of  the  main  armament,  instead  of  concentration  and  the 
association  therewith  of  a  powerful  secondary  armament, 
i  was  the  key  of  the  design.  Coming  to  vessels  designed 
still  more  recently,  it  was  interesting  to  note  that  the 
Trafalgar,  designed  in  1885,  which  might  be  described  as 
j  a  greatly  improved  and  strengthened  Dreadnought,  a  ves- 
sel which  was  re-designed  in  1S72,  was  rather  greater  than 
the  largest  French  ironclads,  the  Amiral  Baudin  and 
Formidable.  The  7>■«/^^^<^>•  and  her  sister  ship,  the  A'/'/t-, 
j  were  surpassed  only  by  the  great  Italian  ships  of  13,500 
to  14,000  tons.  Since  displacement  or  total  weight  was 
the  naval  architect's  stock-in-trade,  it  might  be  confident- 
ly anticipated  that  the  increase  in  size  and  cost  of  our 
latest  armor-clads,  as  compared  with  the  vessels  of  9,000 
to  10,000  tons,  laid  down  in  the  years  1875-84,  would  be 
accompanied  by  a  corresponding  gain  in  some  feature  of 
their  fighting  efiiciency.  Referring  next  to  the  de- 
bate proceeding  as  to  the  desirability  or  otherwise  'of 
a  change  from  compound  armor  fsteel-faced  iron)  to 
steel  armor  for  future  English  ships,  the  lecturer  declined 
to  express  an  opinion  on  the  subject,  adding  that 
France  used  both  steel  and  compound;  while  Austria, 
Germany,  Russia  and  Denmark  used  compound  armor 
like  that  now  fitted  to  English  ships.  Speaking  of  the 
enormously  heavy  armament  of  line  of-battle  ships,  he 
mentioned  that  in  the  //(?//<!  and  Lepanto\\\^  total  weight 
of  the  barbette,  guns  and  mountings,  carried  at  a  height 
of  about  30  feet  above  water,  exceeded  2,000  tons— a  load 
closely  approaching  the  total  weight  of  the  first-class 
line-of-battle  ship  of  the  18th  century.  There  were  not 
wanting  advocates  of  the  view  that  the  risks  of  failure 
incidental  to  the  mechanical  appliances  for  loading  and 
working  our  monster  guns  were  too  serious  to  be 
accepted. and  that  the  guns  had  outgrown  the  necessities  of 
the  naval  service.  They  pointed  to  the  comparatively  long 
time  occupied  in  loadinga  very  heavy  gun,  to  the  unavoid- 
able uncertainty  of  naval  gunnery,  and  to  the  enormous 
value  of  a  single  discharge,  which  might  mean  a  "miss." 
They  considered  that  a  much  greater  number  of  lighter 
guns  would  be  preferable.  On  the  other  side,  it  was 
'  urged  that  in  active  service  so  many  circumstances  made 
against  the  effectiveness  of  gun-fire,  that  a  large  margin 
of  power  was  desirable  ;  that  a  single  successful  shot  or 
;  shell  from  the  heavierguns  would  produce  enormous  dam- 
age ;  and  that  the  association  of  a  powerful  secondary 
armament  with  the  heavier  guns  fully  met  the  case.  Hav- 
ing stated  both  siaes  of  the  question  he  would  leave  it, 
only  adding  that  in  the  latest  ships,  both  English  and 
foreign,  while  heavy  guns  were  to  be  carried,  they  were 
not  the  heaviest  available.  There  was  a  remarkable  move- 
ment, now  in  its  early  stages,  but  undoubtedly  destined 
to  great  development,  in  the  construction  of  quick-firing 
guns,  and  mountings  for  them.  A  quick-firing  gun  was 
capable  of  delivering  from  eight  to  ten  well-aimed  shots 
per  minute,  or  possibly  more.  Beginning  with  a  6-pounder, 
to  which  a  3-pounder  was  soon  added,  this  class  of 
gun  had  already  reached  a  40  pounder,  and  promised  to 
embrace  still  larger  calibers.  Such  rapidity  of  fire,  com- 
bined with  accuracy,  range,  penetrative  power  and 
shell-fire,  would  undoubtedly  prove  of  enormous  value, 
and  could  not  fail  to  have  an  effect  on  both  the  arma- 
ments and  the  protection  of  ships.  In  some  cases  at- 
tempts had  already  been  made  to  give  protection  against 
the  6-pounder.  which  could  perforate  22 '4  inch  steel 
plates  at  500  yards  ;  this  protection  was,  however,  quite 
inadequate  to  resist  the  fire  of  the  40-pounder;  and  so 
there  seemed  to  be  a  possibility  that  another  chapter 
might  be  opened  in  the  duel  between  guns  and  armor. 
Directing  attention  to  the  infiuence  exerted  upon  modern 
war-ships  by  the  introduction  of  the  locomotive  torpedo, 
he  showed  that  it  had  not  merely  influenced  the  arma- 
ments, structures  and  equipments  of  all  ships,  but  had 
led  to  the  construction  of  a  flotilla  of  swift  vessels,  fitted 
for  its  use,  ranging  from  boats  of  12  or  13  tons  displace- 
ment and  1 5    knots  speed  up  to  the  Polyphemus  of  2,640 
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uiiisand  i8  knots  spct'il.  IIil' discovery  ol  ilic  . 
size  of  swift  torpedo  vessels  or  torpedo  boat  destroyers, 
really  capable  of  independeru  sea  service  with  a  fleet,  was 
now  engaging  attention  in  all  navies,  In  France  the  first 
attempts  were  made  in  the  A'cw/v  class  of  18  l<noisand32o 
tons  designed  in  1883.  1 1  ere  the  (:/><M-.f//o//<v- class  were  de- 
signed early  in  1S85.  and  the  first  completed  vessel,  the 
/\(it//i-s>iakf,  was  now  commencing  her  speed  trials.  These 
vessels  were  of  450  tons  and  estimated  to  steam  about  19 
knots  an  hour.  Messrs.  Thomson. of  Clvdebank,  had  just 
completed  another  e-xample  of  the  class  intermediate  in  size 
between  the  Boiiihe  and  the  C>ass/n>ppt-r,a.nd  said  10  have 
attained  the  verv  high  speed  of  22  "-j  knots  on  trial  in 
smooth  w.iter.  Experience  at  sea  with  these  vessels 
would  lie  of  immense  value  to  future  designs.  Subma- 
rine attacks  by  means  of  diving  boats,  capable  of  being 
propelled  at  the  surface  or  under  water,  had  been  much 
before  the  public  of  late,  several  such  vessels  having  been 
built  and  tried.  In  the  past  very  many  experiments  had 
been  made  with  thi^  class,  and  the  conditions  of  the  de- 
signs had  been  most  carefully  studied.  To  gain  certain 
oovious  advantages  in  these  under-water  attacks  very 
considerable  risks  must  be  run  ;  and  in  the  actual  opera- 
tions with  su(  h  vessels,  ditiiculties  of  a  very  formidable 
nature  would  have  to  be  overcome  before  anything  ap- 
proaching certainty  in  delivering  an  attack  on  an  enemy 
could  be  insured.  Everyone  would  watch  with  interest 
the  further  trials  of  the  vessels  with  which  experiments 
were  now  being  made.  After  a  reference  to  the  great  de- 
velopment during  the  last  four  or  five  years  in  the  con- 
struction of  swift  ■■  protected  "  cruisers,  the  lecturer  di- 
rected attention  to  certain  important  matters  common  to 
all  types  of  warships,  and  largely  affecting  their  efficiency 
as  well  as  their  cost.  A  warship,  he  explained,  was  min- 
utely subdivided  into  a  very  great  number  of  water-tight 
compartments  in  order  to  gain  increased  safety  against 
under-water  attacks.  It  was  not  at  all  uncommon  to  find 
80  to  100  separate  compartments  in  the  hold  space  of  a 
large  ship.  All  the  internal  space  was  appropriated  to, 
and  more  or  less  elaborately  fitted  for,  specific  purposes. 
Except  the  coal  bunkers  there  was  practically  no  space 
without  special  fittings  for  particular  portions  of  arma- 
ment or  equipment.  There  were  no  spaces  correspond- 
ing to  the  cargo  holds  of  merchant  vessels, and  frequently 
it  was  very  difficult  to  find  suitable  and  available  space 
even  for  necessary  stores,  owing  to  the  great  demands 
for  accommodation  of  guns,  torpedoes,  ammunition,  etc. 
All  these  compartments  had  to  be  drained,  ventilated  and 
made  accessible.  Water-tight  doors,  sluice  valves,  drain 
pipes,  suctions,  ventilatinir  trunks  and  fans,  voice  tubes, 
telegraphs,  electrical  circuits  for  gun  and  torpedo  work 
as  well  as  for  internal  lighting  had  to  be  provided  for. 
Wherever  a  steam  or  exhaust  pipe  or  any  gearing  passed 
through  a  water-tight  bulkhead  or  platform  the  joint  had 
to  be  made  water-tight.  Valves  of  all  kinds,  automatic 
and  worked  by  gearing,  had  to  be  multiplied  in  order 
that  the  water-tight  subdivision  might  really  be  maintained. 
In  a  large  armored  ship  it  was  not  uncommon  to  find 
more  th.m  too  tons  weight  devoted  to  ventilation  only, 
although  the  ventilation  trunks  were  made  of  the  thin- 
nest sheet-iron  or  steel.  In  such  a  ship,  excluding  the 
steam  pumps,  as  much  as  80  to  90  tons  weight  might  be 
absorbed  in  fitting  up  the  drainage  and  pumping  appli- 
ances with  their  necessary  valves  and  gearing.  To  work 
in  such  weights  of  material  was  necessarily  a  cause  of 
very  great  expense  from  which  there  was  no  escape,  as 
the  fittings  could  not  be  simplified  with  due  regard  to 
their  efficiency  and  the  preservation  of  the  all-important 
subdivision.  Another  very  noticeable  feature  in  modern 
warships  was  the  extended  use  of  mechanical  appliances 
as  substitutes  for  manual  labor.  In  this  respect  merchant 
ships  doubtless  led  warships  ;  but  in  recent  years  there 
had  been  a  great  and  growing  tendency  to  use  steam  and 
hydraulic  power.  In  a  first-class  armored  ship  of  the 
most  modern  type  there  were  as  many  as  76  auxiliary 
steam  and  hydraulic  engines.  From  the  foregoing 
statements  it  would  be  obvious  that  the  task  of  design- 
ing and  building  modern  warships  would  be  one  of  great 
difficulty,  even  if  it  were  possible  to  fix  beforehand  all  the 
conditions   to   be    fulfilled    in  armament  and  equipment. 


Since  the  iron-clad  reconstruction  began,  how  ever,  no  such 
lixity  in  design,  especially  for  the  larger  classes 
of  ships,  had  been  obtained.  The  progress  m  guns,  tor- 
pedoes, equipment,  materials  of  construction,  propel- 
ling apparatus,  etc..  had  been  rapid  and  continuous;  and 
there  was  a  great  desire  to  embody  these  improvements 
in  vessels  still  incomplete  at  the  date  of  their  introduction. 
Of  course  these  additions  and  alterations  meant  greater 
cost,  and  generally  greater  weight.  In  some  ships  where 
the  construction  liad  extended  over  six  or  seven  years, 
changes  had  been  made  which,  in  the  aggregate,  involved 
additions  of  no  less  than  400  to  500  tons,  as  compared 
with  the  original  design.  The  case  of  the  IiiJIi-xihle^A-i 
taken  as  an  example.  Every  naval  architect  would  infin- 
itely prefer  to  be  able  to  complete  the  ships  for  which  he 
was  to  be  responsible  in  strict  accordance  with  the  first 
design;  and  in  vessels  of  the  smaller  classes,  occupying 
less  than  two  years  in  completing  for  sea,  this  desire 
might  be  realized.  But  with  the  larger  classes  of  war- 
ships, of  which  the  construction  spread  over  three  or 
four  years,  even  when  money  was  fully  available,  the  case 
was  different.  Improvements  were  made  in  armament  or 
equipment,  which  could  be  introduced  if  some  additional 
weight  and  cost  were  admitted.  The  gunnery  officer 
vifished  to  introduce  some  new  type  of  gun  or  some 
heavier  charge  for  a  gun,  and  this  addition  involved  weight 
and  cost.  The  torpedo  officer  and  the  electrician  saw 
their  way  to  improvements  also,  and  the  marine  engineer 
desired  some  greater  latitude  than  was  originally  allowed, 
so  that  he  might  produce  a  substantial  increase  of  power 
and  a  higher  speed.  Resistance  to  tnese  appeals  was 
possible,  of  course,  but  very  difficult,  and  he  was  scarcely 
sanguine  enough  to  anticipate  that  in  the  future  there 
would  be  no  recurrence  of  difficulties  similar  to  those 
experienced  in  the  past.  Moreover,  this  matter  did  not 
stop  with  the  first  completion  of  a  warship  at  sea. 
Changes,  additions  and  re-armament  were  the  rule  dur- 
ing the  whole  period  of  her  career  For  instance,  in  the 
building  of  the  IVarr/or.  about  200  tons  weight  of  addi- 
tions were  accepted  ;  and  in  the  14  years  1S61-75  no  less 
than  400  tons  more  weight  were  added  to  the  hull,  arma- 
ment and  equipment.  From  the  first  commission  of  the 
Bellerophon  in  1867  to  the  last  commission  in  1886,  when 
she  received  an  entirely  new  armament  of  breech-loading 
guns,  over  800  tons  additional  weight  had  gone  into  her. 
The  Invincible  class  had  also  received  on  board  large 
additions  of  weight,  involving  an  increase  in  draught  of 
water  of  more  than  a  foot.  Cases  such  as  these  might 
be  multiplied  in  foreign  as  well  as  in  English  ships.  Ad- 
verting to  the  question  of  speed,  which,  he  said,  was  ad- 
mitted to  be  ot  primary  importance  for  all  classes  of 
ships,  he  showed  how  great  had  been  the  improvement  in 
this  respect  in  recent  years.  Fourteen  knots  an  hour  on 
the  measured  mile  was  almost  a  standard  speed  for  large 
ships  from  1859  to  1875,  In  the  smaller  classes  of  un- 
armored  vessels  speeds  commonly  ranged  from  eight  to 
13  knots;  and  the  swiftest  cruisers,  designed  to  meet  the 
American  Waiiipaiunig  class,  had  speeds  of  15  to  l6>4 
knots.  At  the  present  time  the  Italian  iron-clads  of  o\  er 
13,800  tons  displacement  had  attained  speeds  of  18  knots 
per  hour;  and  in  the  Royal  Navy  armored  vessels  of 
8,000  to  10.000  tons  had  speeds  of  16',  to  17  knots. 
Cruisers  had  speeds  of  18  to  20  knots,  and  small  torpedo 
craft  of  19  to  25  knots.  But  still  higher  speeds  were  de- 
manded, and  would  no  doubt  be  attained.  It  was  the 
fashion  to  deny  the  performances  of  warships,  and  to 
speak  of  their  measured-mile  trials  as  mere  tours  deforie, 
never  more  to  be  repeated.  To  this  he  would  reply  that, 
as  between  all  classes  of  warships,  British  or  foreign,  the 
measured-mile  trial  in  smooth  water  was  a  perfectly  fair 
a. id  complete  test  of  performance.  It  was  confessedly 
not  representative  of  ordinary  practice.  The  best  of  coals 
and  stoking  were  secured,  calm  weather  was  selected,  the 
trials  were  not  long  continued  and  everything  was  in  first- 
rate  order.  But  all  these  precautions  were  necessary  to 
secure  that  uniformity  of  practice  which  could  alone 
make  the  trials  absolutely  fair  and  comparable  between 
ship  and  ship.  No  one  imagined  that  these  measured- 
mile  conditions  would  be  reproduced  on  service,  and  the 
"sea   speeds  "of  all   warships  were  always  estimated  on 
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different  assumptions.  Experience  had  shown  that  about 
two-thirds  of  the  maximum  power  realized  with  natural 
draught  on  the  measured  mile  might  be  continuously 
developed  under  service  conditions,  and  for  as  long  a 
period  as  the  coal  would  last ;  and  it  had  been  ascertained 
by  actual  trial  that  tlie  average  speed  maintained  in  long- 
distance steaming  in  fair  weather  approximated  fairly  to 
that  obtained  on  tlie  smooth-water  trials  with  two-thirds 
the  maximum  power.  The  ditTerence  between  the  maxi- 
mum measured  mile  and  maximum  sea  speed  of  warships 
of  course  varied  in  different  classes  of  ships  and  for  dif- 
ferent maximum  speeds.  Roughly  speaking,  a  l<not  to 
two  knots  would  be  an  outside  allowance  off  the  meas- 
ured-mile speed  of  most  of  the  warships  afloat.  F'amil- 
iarity  with  steamship  performance  was  apt  to  blunt  the 
perception  of  the  really  marvelous  results  attained.  For 
his  part  he  often  felt  with  Agur — that  •■  tlie  way  of  a  ship 
in  the  midst  of  the  sea  "  was  beyond  full  comprehension. 
When  it  was  realized  that  a  vessel  weighing  10,000  tons 
could  be  propelled  over  a  distance  of  nine  knots  in  an 
hour  by  the  combustion  of  less  than  one  ton  of  coal — :he 
ten-thousandth  part  of  her  own  weight — it  must  be  ad- 
mitted that  that  result  was  marvelous.  Examining  next 
the  question  of  cost,  he  pointed  out  that  ihe  first  cost  of 
a  loo-gun  line-of-battle  ship  at  the  beginning  o(  the  cen- 
tury was  about /[65, 000  to  _^7o,ooo,  armament  and  ordi- 
nance stores  being  excluded,  while  now  the  Trafalgar 
and  AV/(?,  designed  in'iS85.  were  estimated  at  ^860,000 
each.  Adding  the  value  of  guns,  ammunition  and  stores, 
it  might  be  said  that  the  captain  of  the  Trafalgar  had 
the  responsibility  of  navigating  and  fighting  a  machine 
representing  a  million  sterling.  The  estimated  value  of 
the  largest  French  iron-clad  was  from  /6oo,ooo  to  ^650,000, 
and  of  the  Russian  from  ^700.000  to  ^750,000.  In  tlie  In- 
flexible the  armor-platingalone  cost  /^lyo.ooo.  the  propel- 
ling machinerv  / 126.000,  the  hydraulic  gun  mountings 
and  auxiliary  engines  of  various  kinds  i,'33.o:o.  These 
three  items  alone  would  have  produced  five  first-rates  of 
Nelson'stime.  Tlie  cost  of  the  completed  ship  represents 
13  first-rates  of  iSoo,  seven  of  1840,  and  three  and  a-half 
of  1859,  For  the  same  sum  of  money  there  could  now  be 
produced  four  powerful  protected  cruisers,  steaming  20 
knots  an  hour— six  knots  faster  than  the  Inflexible— and 
carrying  gu  s  capable  of  piercing  20  inches  of  wrought 
iron  at  1,000  yards;  or  a  fleet  of  30  to  40  swift  torpedo 
craft  of  various  sizes,  steaming  20  to  25  knots  an  hour. 
Who  was  to  decide  what  was  the  best  investment  of  a 
million  sterling,  when  such  different  appropriations  were 
possible }  The  growth  of  cost  ran  through  the  various 
classes  of  modern  fleets.  To  obtain  a  sloop-of-war  of 
modern  type,  carrying  six  or  eight  guns,  costs  little  less 
than  did  the  loo-gun  three-decker  of  iSoo.  To  build  and 
equip  a  torpedo  boat  of  the  first  class  costs  nearly  as  much 
as  a  sailing  frigate  of  50  guns  in  Nelson's  time.  Lanje  as 
had  been  the  svims  annually  spent  on  shipbuilding  du>ing 
the  last  quarter  of  a  century,  they  had  not  been  large 
enough  in  proportion  to  the  number  and  cost  o(  the  new 
ships  in  hand  to  permit  of  rapid  construction.  This 
financial  limitation,  or  want  of  funds  in  relation  to  work 
incomplete,  had  sadly  hampered  and  hindered  progress 
and  completion.  Lengthening  out  the  time  over  which  a 
ship  had  been  on  hand,  it  had  indirectly  added  to  the  cost, 
and  had  given  time  for  the  numerous  alterations  and 
additions  to  which  he  had  referred.  The  Royal  Navy  \vas 
now  very  strong  in  armored  ships,  as  was  testified  in  no 
measured  terms  Dy  the  recent  French  official  reports,  and 
in  the  financial  year  about  to  begin  this  portion  of  the  fleet 
available  for  service  would  be  immensely  strengthened  by 
the  completion  of  a  large  number  of  new  swift  ships. 
But  foreign  navies  without  exception  were  making 
strenuous  efforts  to  strengthen  the  classes  of  swift  pro- 
tected cruisers  and  torpedo  craft,  and,  with  our  world-wide 
Empire  and  enormous  commercial  and  shipping  interests, 
this  movement  aliroad  compelled  action  here.  For  many 
reasons  this  development  of  the  swift  cruiser  classes  was 
to  be  welcomed.  Such  vessels  were  admirably  adapted  to 
the  characteristics  of  the  British  sailor,  and  would  give 
scope  for  fresh  displays  of  that  mingled  audacity  and  skill 
which  had  become  a  tradition  in  the  ser'/ice  since  the  time 
when   the   small    bjt  swift-sailing,    handy   vessels  of  the 


English  lieet  made  havoc  with  the  huge  but  unwieldy 
vessels  of  the  Spanish  Armada.  (Cheers.)  With  reference 
to  the  possible  use  of  mercantile  au.\iliaries  in  time  of  war, 
he  said  that  he  heartily  sympathized  with  all  that  had  been 
done  in  the  last  ten  years  to  encourage  methods  of  con- 
struction and  subdivision  which  would  better  fit  these 
vessels  to  receive  an  armament  of  guns  and  to  be  capable 
of  fighting.  He  believed  that  in  many  ways  these  armed 
vessels  would  be  of  immense  value  to  the  country  in  time 
of  war;  but  he  did  not  concur  in  the  opinion  that  they 
could  be  treated  as  substitutes  for  regular  warships,  and 
that  the  Navy  could  be  reduced  in  numbers  because  these 
auxiliaries  might  be  available,  for  there  were  radical  and 
unavoidable  difterenccs  in  structure,  protection,  machinery 
and  steering  gear,  as  well  as  handiness  and  capability  of 
using  their  armaments,  between  such  vessels  and  regular- 
built  fighting  ships.  Merchant  ships,  in  point  of  handi- 
ness, did  not  and  need  not  approach  warships;  but  for 
fighting  purposes  handiness  was  a  quality  scarcely  less 
essential  than  speed.  In  this  connection,  he  might  be 
allowed  to  point  out  how  great  were  the  demands  made 
upon  the  intelligence,  skill  and  courage  of  the  officers  and 
men  who  had  to  navigate  and  fight  the  warships  of  these 
days.  How  great  was  the  difference  between  the  acquire- 
ments necessary  for  naval  officers  of  the  present  time  and 
those  which  sufficed  in  Nelson's  time  !  Every  additional 
appliance  and  precaution  introduced  by  the  designer. 
every  auxiliary  machine,  every  new  weapon  added  to  the 
responsibility  of  those  who  had  to  care  for  and  use  them. 
Modern  naval  officers  required  an  acquaintance  with 
scientific  and  practical  gunnery,  hydraulic  machinery, 
electric  apparatus  and  torpedo  management  in  addition 
tothe  masteryoftheirprimary  duliesassailors.  Of  course 
there  was  a  necessity  for  specialization  in  this  knowledge  ; 
no  one  man  could  be  expected  to  have  an  exhaustive 
knowledge  of  every  branch.  The  gunnery  officer  was  a 
specialist  for  guns  and  gun  mountings ;  the  torpedo  officer 
for  torpedoes  and  electric  appliances  ;  the  engineer  officer 
for  machinery  of  all  kinds,  and  all  the  multifarious 
mechanical  appliances  fitted  in  a  modern  ship.  Working 
together  under  a  common  head,  these  officers  had  never 
failed,  and  would  never  fail,  to  perform  successfully  their 
onerous  and  increasingly  difficult  duties.  Nor  had  they, 
while  adding  to  the  range  of  their  knowledge  and  profes- 
sional culture,  lost  the  resource,  dash  and  daring  for  which 
the  service  had  always  been  famed.  On  all  occasions, 
and  under  the  most  varied  circumstances,  they  had  proved 
in  recent  years  that  this  was  the  simple  truth.  Every  one 
there  would  have  in  mind  the  never-to-be-forgotten  story 
of  the  rescue  of  Sir  Charles  Wilson  and  his  comrades  by 
the  gallant  chairman  and  his  sailors,  who  proved  them- 
selves equally  at  home  on  the  march  and  in  the  battles  of 
the  desert  as  thev  did  when  running  the  gauntlet  of  the 
batteries  on  the  Nile  or  "mending  the  boiler"  under  fire. 
(Cheers.)  In  conclusion,  he  desired  to  say  tliat  he  had 
purposely  avoided  anything  of  a  controversial  nature,  and 
refrained  from  attempts  to  assign  individual  credit  for 
the  many  and  great  improvements  which  liad  marked 
the  iron-clad  period.  His  wish  had  been  to  indicate  in 
general  terms  the  character  and  scope  of  recent  changes, 
and  to  illustrate  the  difficulties  that  had  been  overcome 
as  well  as  the  results  attained. 

The  Thornycroft  Torpedo  Boats. 
(Krom   The  London   Times.'i 

Last  week  No.  60  first-class  torpedo  boat  arrived  at 
Portsmouth  from  Chiswick,  and,  as  this  vessel  is  the  last 
of  the  25  which  Messrs.  Thornycroft  have  had  in  hand 
for  the  Admiralty,  it  may  not  be  out  of  place  to  give  a 
short  description  of  these  vessels  and  of  the  results  which 
were  obtained  from  them  on  their  official  trials.  The 
vessels  in  question  form  a  moiety  of  50  boats  ordered  by 
their  Lordships,  20  out  of  the  remaining  25  being  ordered 
from  Messrs,  Yarrow  it  Co.,  and  five  from  Messrs,  White, 
of  Cowes.  The  dimensions  of  the  Thornycroft  boats  are : 
length  over  all,  127  ft.  6  in. ;  beam  1 2  ft.  6  in, ;  draught  of 
water  with  the  specified  load  of  11.56  tons  on  board,  i  ft. 
9  in.  forward  and  6  ft.  aft ;  stipulated  speed  on  measured 
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mile,  ig  knots.  The  design  was  the  outcome  of  the  joint 
labors  of  a  committee  of  naval  officers  and  the  builders, 
the  much-abused  snout,  of  which,  with  its  attendant 
cascade,  so  much  has  been  heard,  being  adopted  partly  to 
reduce  the  weight  forward,  and  partly  to  secure  the 
breakwater  advantages  which  were  found  so  valuable  on 
d  similar  vessel,  the  Chitders.  on  her  voyage  to  Australia. 

With  a  view  to  securing  great  manocuvering  power  the 
system  of  double  rudders  patented  by  Mr.  Thornycroft 
was  introduced.  These  rudders  are  placed  one  on  either 
side  of  the  propeller  and  arc  curved  to  a  radius  a  little 
larger  than  that  of  the  propeller,  so  that  the  propeller 
practically  works  in  a  tube  with  the  bottom  half  cut  away, 
the  result  being  that  when  the  rudders  are  put  over  the 
whole  of  the  stream  from  the  propeller  is  diverted  side- 
ways; and  as  there  is  no  dead  wood  to  resist  side  motion 
the  vessel  is  turned  with  great  rapidity,  and  this  whether 
the  vessel  is  going  ahead  or  astern.  Curiously  enough, 
in  some  instances  the  time  of  turning  the  circle  is  less 
when  going  astern  than  when  going  ahead.  The  hull, 
which  is  built  of  Siemens-Martin  steel,  is  divided  into  a 
large  number  of  compartments  by  means  of  bulkheads 
and  half-bulkheads,  so  that  if  the  skin  should  be  perfor- 
ated the  qii.iiuiiy  of  vva'.cr  CMtering  at  any  one  place  is 
limited  to  the  volume  of  the  injured  compartment,  and 
these  volumes  are  kept  sufficiently  small  not  only  to  pre- 
vent the  boat  sinking,  but  to  allow  of  her  being  navigated 
while  in  this  disabled  condition.  Steam  ejectors  are 
provided,  so  that  if  the  hole  is  small  or  temporarily 
stopped  the  compartment  maybe  rapidlv  cleared  of  water 
and  the  vessel  restored  to  her  former  efficiency.  The  ac- 
commodation for  the  crew,  as  is  usual  in  torpedo  boats, 
is  forward  in  the  torpedo  room,  and  that  for  the  officers 
isaft,  the  intermediate  space  being  occupied  by  the  ma- 
chinery. Steam  stearing  gear  capable  of  being  used  by 
hand  is  fitted  in  all  the  boats,  so  that  not  only  are  the 
rudders  put  over  with  great  rapidity,  but,  as  very  little 
manual  labor  is  required,  the  steersman  is  enabled  to  de- 
vote the  whole  of  his  attention  to  the  actual  navigation 
of  the  vessel.  The  machinery  is  of  the  type  used  in  tor- 
pedo boats,  and  consists  of  a  pair  of  compound  engines, 
capable  of  developing  from  700  to  750  indicated  horse 
power,  and  a  locomotive  boiler.  All  the  pumps,  with 
the  exception  of  the  circulating  pump,  arc  worked  off  the 
main  engines,  an  arrangement  which  reduces  very  con- 
siderably the  work  of  the  engineers  in  looking  after  the 
engines. 

The  first  five  of  these  vessels  were  intended  to  be 
armed  as  torpedo  vessels,  but  the  remaining  20  were  to  be 
armed  with  qjick-firing  machine  guns  and  to  be  used  as 
torpe  io  boat  destroyers.  This  intention,  however,  was  so 
far  nndified  that  all  the  vessels  were  fitted  with  torpedo 
-gear  as  the  normal  armament,  but  arrangements  were 
made  so  that,  if  desired,  the  torpedo  tubes  could  be  re- 
moved and  the  quick-firing  guns  substituted.  Stated 
briefly,  a  torpedo  tube  is  simply  a  gun  for  ejecting  loco- 
motive torpedoes,  the  ejecting  medium  hitherto  being 
usually  compressed  air.  but  now,  and  in  the  case  of  the 
boats  under  notice,  gunpowder.  The  modus  operandi  of 
loading  one  of  these  tubes  and  discharging  the  torpedo  is 
as  follows  : — First,  the  torpedo,  with  its  "  business  end  " 
duly  filled  with  gun  cotton  and  its  air  reservoir  charged 
with  compressed  air,  is  placed  in  the  tube  with  the  end 
of  the  horizontal  rudder  frame  pressing  against  the  re- 
taining catch  ;  then  the  small  silken  bag  containing  peb- 
ble powder  is  placed  in  a  pocket  inside  the  door  of  the 
tube  and  the  door  closed  and  secured.  A  second  cart- 
ridge, brass-cased,  containing  finer  powder  and  capable 
of  being  discharged  by  electricity,  is  then  inserted  in  a 
piece  of  mechanism  on  the  outside  of  the  door,  which 
serves  the  double  purpose  of  retaining  the  brass  cartridge 
while  being  fired  and  of  serving  as  an  ejector  subse- 
quently. A  heavy  weight  on  the  end  of  a  lever  at  the 
side  of  the  tube  is  then  raised  and  retained  in  the  raised 
position  by  means  of  a  catch  which  may  be  released  by 
an  electro-magnet,  and  a  forked  appliance,  to  which  the 
wires  from  the  battery  are  attached,  is  inserted  in  the  fir- 
ing cartridge.  The  tube  is  now  ready  for  firing,  and  all 
that  is  necessary  to  discharge  the  torpedo  is  to  press  a 
button  so  as  to  make  contact  between  the  two  wires.    The 


first  result  of  this  operation  is  to  release  the  catch  hold- 
ing the  weight,  which,  falling,  pulls  back  the  retaining ' 
catch,  then  makes  contact  with  the  wires  leading  to  the 
firing  cartridge  and  so  explodes  the  powder.  The  tor- 
pedo is  then  blown  out  of  the  tube,  the  air  valve  in  the 
torpedo  being  opened  as  it  passes  along  the  tube  by 
means  of  a  tripper  in  the  top  of  the  tube.  The  noise  of 
the  discharge  is  no  louder  than  would  be  made  by  clap- 
ping the  hands  sharply  together  with  the  palms  a  little 
hollow.  Each  of  the  boats  under  notice  is  fitted  with  five 
of  these  tubes,  one  being  fixed  in  the  bow  and  four  revolv- 
ing in  pairs  round  each  of  the  two  conning  towers.  Each 
pair  of  revolving  tubes  is  so  arranged  that  when  making 
a  passage  the  tubes  may  be  stowed  on  stands  parallel  to 
the  center  line  of  the  vessel.  When  cleared  for  action 
they  are  fixed  so  as  to  have  an  angle  of  40  deg.  between 
them,  and  in  this  condition  may  be  revolved  freely  round 
the  conning  towers.  If,  then,  the  tubes  on  the  forward 
tower  were  fixed  with  the  after  one  abeam,  and  those  on 
the  after  tower  with  the  center  line  between  the  two  tubes 
abeam,  it  would  be  possible  to  fire  one  torpedo  ahead,  one 
4.0  deg.  before  the  beam,  one  20  deg.  before  the  beam,  one 
abeam  and  one  20  deg.  abift  the  beam.  The  whole  of 
the  five  torpedoes  could  thus  be  discharged  at  an  enemy's 
vessel  one  after  the  other,  the  torpedo  boat  making  a  curve 
and  discharging  each  tube  as  it  came  to  bear  u.i  the  enemy. 
Or,  if  running  between  two  ships  of  the  enemy,  she  could 
divide  her  favors  by  fixing  the  tubes  so  as  to  bear  on 
either  beam.  In  addition  to  the  torpedo  armament,  each 
vessel  was  fitted  for  carrying  three  Nordenfelt  guns  and 
a  powerful  electric  search  light.  The  first  vessel.  No.  25, 
was  ordered  as  a  trial  vessel  and  was  fitted  out  complete 
by  the  contractors,  the  torpedo  gear  for  the  other  vessels 
no:  being  ordered  till  that  on  her  had  been  subjected  to 
an  exhaustive  trial.  With  a  view  to  expjditing  delivery, 
the  orders  for  the  torpedo  gear  of  the  remaining  vessels 
were  divided,  Messrs.  Thornycroft  supplying  ten  sets  in  ad- 
dition to  the  first,  Messrs.  Maudslay,  Sons  &  Field  ten 
sets  and  Messrs.  Penn  four  sets. 

The  speed  trials  were  conducted  partly  on  the  Thames 
at  the  measured  mile  in  the  Lower  Hope,  partly  at  Stokes 
Bay,  and  although,  owing  to  structural  additions  and 
other  causes,  a  much  greater  load  was  carried  than  was 
specified  in  the  contract,  in  some  cases  over  16  tons  being 
carried  instead  of  the  specified  load  of  11.56  tons,  the 
speed  was  always  considerably  above  the  contract  speed, 
in  one  case  21.66  knots  being  obtained  with  a  load  of  nearly 
14  tons  on  board.  The  average  speed  of  the  whole  of  the 
25  boats  on  the  measured  mile  was  20.39  knots,  or  1.39 
knots  above  the  contract  speed.  As  might  have  been  ex- 
pected, the  results  of  the  circle  trials  were  also  satisfac- 
tory, the  average  time  of  turning  being  85  sec.  when  going 
ahead  and  87  sec.  when  going  astern.  Further  improve- 
ments, however,  may  be  expected  in  this  direction  in  sub- 
sequent boats,  as,  owing  to  the  heavy  deck  load,  it  was 
not  considered  advisable  to  use  the  full  power  of  the 
steering  apparatus. 


A  Locomotive  Floating  Dock. 

(,By  a  Correspondent  of  The  Lontion   Tinu-s.) 

Nearly  sixteen  years  ago  the  late  Lord  Hampton,  then 
Sir  John  Packington.  said,  "  Nobody  could  contribute  a 
more  valuable  addition  to  naval  contrivances  than  to  in- 
vent a  really  efficient  floating  dock,  and  not  only  a  float- 
ing dock,  but  a  dock  which  when  afloat  may  go  to  any 
part  of  the  world."  This  idea  lay  dormant  for  a  long 
time,  but  has  within  the  last  year  or  so  been  revived,  seri- 
ously considered,  and  is  now  in  a  fair  way  of  being  carried 
into  effect.  Messrs.  Rennie.  the  well-known  marine  en- 
gineers, have  devised  a  navigable  floating  dock,  on  an 
entirely  new  principle,  the  designs  for  which  have  been 
most  favorably  received  by  the  Admiralty.  The  swift 
cruisers  that  naval  men  are  so  continuously  crying  out 
for  would  soon  cease  to  be  swift  if  some  means  for  fre- 
quently cleaning  their  copperless  bottoms  were  not  pro- 
vided, and  no  contrivance  appears  likely  to  be  so  effica- 
cious for  this  purpose  as  a  dock  which  could  be  at  the 
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disposal  of  a  fleet,  or  division  of  a  fleet,  on  almost  any 
given  part  of  a  station,  supposing  always  that  the  dock  is 
capable  of  rendering  the  services  expected  of  it.  livery- 
body  knows  that  all  docks,  whether  fixed  or  floating,  re- 
quire considerable  pumping  power  as  a  matter  of  course. 
The  one  striking  original  feature  in  Kennies  design  is 
that  this  vcrv  pumping  power  is  used  to  propel  the  dock 
from  place  to  place  when  achanj:e  of  quarters  is  neces- 
sary, and  also  to  rarccn  the  dock  for  purposes  of  examin- 
ation, cleansing  or  repairs.  The  method  of  propulsion 
to  be  employed  is  the  hydraulic  arrangement  which,  pace 
Sir  George  Elliot,  was  not  a  brilliant  success  in  the 
Wiltcrwitth.  but  which  will  be  quite  sufficient  to  give  the 
locomotive  dock  a  speed  of  about  six  knots,  while  the  ad- 
vantage of  making  one  set  of  machinery  do  the  work  both 
of  propelling  and  pumping  is  obvious.  The  plans  and 
estimates  that  have  been  got  out  are,  in  the  first  instance, 
for  a  dock  capable  of  taking  in  a  ship  of  the  Arcthusa  or 
Phaton  type,  say  300  ft.  long,  46  ft.  beam,  20  ft.  draught 
and  4,000  tons  displacement.  Such  a  dock  will  have  to 
be  350  ft.  long,  96  ft  outside  and  60  ft.  inside  width  with 
a  total  height  of  35  ft.,  and  would  be  available  for  use  in 
any  harbor  of  six  fathoms  depth.  Its  cost  is  put  down 
for  hull  (Steel),  m.achinery.  capstans,  cranes,  etc..  as 
;^io5,ooo.  This  does  not  include  anchors  and  chain 
cables,  as  these  are  always  supplied  by  the  Admiralty. 
The  time  required  for  construction  would  not  exceed 
twelve  months.  A  word  as  to  the  careening  of  the  dock. 
This  is  effected  by  utilizing  the  pumping  machinery  for 
filling  the  water-ballast  chambers  on  either  side.  The 
engines  would  then  be  stopped  and  all  made  secure  for 
careening,  when  the  sluice  \alves  on  the  side  to  be  raised 
out  of  water  would  be  opened,  and  the  dock  would  gradu- 
ally heel  over  so  as  to  expose  the  under-water  part  up  to 
the  keel.  When  one  side  is  done  the  same  operation  can 
be  performed  for  the  other  side.  Of  course  it  goes  with- 
out saying  that  all  the  necessary  calculations  as  to  stabil- 
ity, strength  of  materials  and  horse-power  have  been 
most  carefully  made.  It  would  certainly  seem,  should 
this  dock  fulfil  the  expectations  of  those  competent  to 
judge,  that  a  great  want  is  in  a  fair  way  of  being  supplied, 
and  it  is  to  be  hoped  no  time  will  be  lost  in  making  the 
experiment.  Such  a  dock  would  be  most  suitably  and 
conveniently  berthed  at  a  coaling  station,  whence  at  need 
it  could  proceed  wherever  there  was  sufiicienr  water  and 
shelter. 


A  New  Steamer  for  the  Australian  "  Orient  "  Line. 

A  NKW  steamer,  the  Oriiiiiz,\\zs,  just  been  completed, 
and  is  described  as  follows  in  the  London  Times :  "  She  is 
the  latest  addition  to  the  Orient  Line  and  the  largest  ves- 
sel that  has  ever  entered  the  port  of  London.  One  natur- 
ally examines  the  arrangements  of  the  Or /I  I  u::  under  the 
branch  of  safety  in  relation  to  the  catastrophe  which  be- 
fell the  Oregon.  The  Ormu:  hasten  compartments  which 
can  be  made  water-tight  by  the  closing  of  iron  doors,  and 
it  will  be  remembered  that  the  Oregon  could  have  been 
steamed  into  shallow  water  and  perhaps  saved  if  those  on 
board  had  succeeded  in  closing  a  single  door  between  the 
furnaces  and  the  injured  coal  bunker.  Every  one  of  the 
doors  on  the  Ormuz  can  be  closed  by  powerful  screws 
worked  from  the  main  deck,  and  at  the  spot  where  they 
are  worked  is  an  index  showing  exactly  in  what  position 
the  door  is.  Not  only  so,  but  in  the  case  of  the  doors  in 
the  neighborhood  of  the  engine-room,  where  instantane- 
ous action  may  be  necessary,  the  removal  of  a  small  iron 
peg  is  all  that  is  needed  to  permit  the  door  to  fall  of  its 
own  weight.  The  door  being  sharpened  at  the  bottom 
it  will  sever  any  obstacle,  such  as  coal,  that  may  be  in  its 
way,  and  it  is  not  probable  that  anything  less  easily  cut 
will  be  there.  The  means  by  which  the  doors  are  closed 
from  the  main  deck  consists  of  a  worm-wheel  on  the  end 
1  if  a  rod  working  on  a  rack  the  whole  length  of  the  door. 
This  worm-wheel  is  pressed  into  the  teeth  of  the 
rack  by  a  bar  which  is  held  across  the  top  of  the  doorway 
by  a  staple  and  pin.  As  soon  as  the  pin  is  removed  the 
bar  ceases  to  press  the  worm-wheel  into  the  rack,  and  the 
door  falls  with  irresistible  force.  This  is  the  plan  adopted 
in  the  case  of  all  the  doors  connected  with  the  engine  and 


boiler  compartments.  In  cases  where  it  is  necessary  the 
door  should  slide  from  left  to  right  the  closing  is  done  on 
the  main  deck  onlv.  F^assengers  on  the  Ormuz  will  be 
able  themselves  to  see  where  these  doors  can  be  closed. 
In  each  case  the  apparatus  is  covered  by  a  brass  disc, 
about  the  size  of  a  dinner-plate  let  into  the  floor,  as.  for 
instance,  one  of  them  is  to  be  seen  on  the  entrance  to  the 
drawing-room.  Side  by  side  with  these  are  other  screw 
rods  for  closing  the  ventilators  and  so  prevent  them  from 
becoming  aqueducts  in  case  of  a  compartment  being 
filled.  It  is  impossible  to  say  what  combination  of  cir- 
cumstances may  arise  to  render  these  arrangements  abor- 
tive, but  nothing  has  yet  been  imagined  that  is  not  pro- 
v'ded  for  in  this  respect.  Similarly,  on  the  decks  above 
the  water-line,  iron  doors  are  provided  to  isolate  fire  if  it 
should  break  out. 

In  the  course  of  her  trials  she  made  nearly  18  knots  on 
the  measured  mile,  but  her  passage  round  to  London  was- 
much  interrupted  by  fog,  and  the  trip  affords  no  sound 
criterion  as  to  her  speed.  Her  engines  are  the  largest 
triple-expansion  yet  made,  the  diameters  of  the  cylinders 
being  46  in.,  73  in.  and  1 1 2  in.,  respectively.  With  an  indi- 
cated horse-power  of  upwards  of  8,000,  the  propeller  at 
full  speed  made  70  revolutions.  The  pitch  of  the  screw 
is  29  ft.  for  each  revolution — that  is  to  say,  if  the  screw- 
worm  were  bored  into  a  deal  board  it  would  travel  29  ft. 
with  each  revolution,  and  in  one  minute  of  70  revolutions 
it  should  progress  2.030ft.,  or  nearly  two-fifths  of  a  mile. 
This  a  properly  set  screw  propeller  actually  does  with  a 
discount  of  from  6  to  1 2  per  cent,  only  consequent  upon 
the  failure  of  the  water  to  maintain  an  absolutely  solid 
resistance.  The  vessel  is  465  ft.  long.  37  ft.  deep  and  52- 
ft.  across  at  the  broadest  point.  It  is.  however,  impossi- 
ble from  casual  inspection  to  state  where  that  broadest 
point  is.  because  the  lines  of  the  vessel  are  exception- 
ally fine  and  there  is  rot  a  place  upon  her  side  that  can  be 
said  to  be  flat.  Her  buoyancy  and  steadiness  will  be  a 
matter  of  extreme  satisfaction  to  the  diflndent  traveler." 


The  Hooghly   Cantilever  Bridge. 

The  Indian  Engineer,  published  in  Calcutta,  gives  the 
following  interesting  description  of  the  railroad  bridge 
lately  completed  over  the  Hooghly  River,  a  stream  that 
has  for  many  years  remained  unbridged  owing  to  the 
many  obstacles  to  be  overcome.  This  bridge  was  con- 
structed from  the  designs  of  Mr.  Bradford  Leslie.  Agent 
and  Engineer-in-Chief  of  the  East  Indian  Railway. 

"The  bridge,  which  is  1,200  feet  in  length,  consists  of 
three  bowstring  girders  of  mild  steel  and  is  constructed 
to  carry  a  double  line  of  railway  5  feet  6  inches  gauge. 
the  distance  of  main  girders  from  center  to  center  being 
30  feet  8  inches. 

"  The  central  girder,  which  is  360  feet  long  and  52  feet 
high  at  the  center,  rests  upon  two  piers  120  feet  6  inches 
centers  thus  forming  a  double  cantilever,  upon  the  ex- 
tremities of  which  the  ends  of  the  two  shore  spans  rest 
solid. 

"The  piers  consist  of  masonry  built  inside  steel  cais- 
sons 66  feet  long  and  25  feet  wide,  with  semi-circular  ends, 
which  were  sunk  to  a  distance  ot  100  feet  below  mean 
sea  level  or  120  feet  below  high  water. 

"  The  caissons  which  were  built  in  27  rings.  4  feet  deep, 
were  sunk  to  a  depth  of  108  feet,  at  which  level  an  excel- 
lent foundation  of  hard  yellow  clay  was  obtained,  but  as 
the  top  of  the  caissons  were  then  below  high-water  mark 
the  pier  was  carried  up  a  further  16  feet  in  solid  masonry. 
Upon  this  were  placed  the  steel  standards,  measuring  55 
feet  by  20  feet,  upon  which  the  girder  is  supported. 

"The  clear  lieadway  from  the  underside  of  the  bottom 
boom  to  high-water  mark  is  33>^  feet,  and  the  height  of 
rail  level  above  mean  sea  level  is  i^Yz  feet. 

"The  approximate  weight  of  the  cantilever  is  1,500 
tons,  and  it  is  constructed  with  12  bays  of  30  feet  each. 
The  bottom  boom,  which  is  of  box  section,  is  composed 
of  two  web  plates  3  feet  6  inches  deep,  the  inner  being  % 
inch  thick  throughout,  vihile  the  outer  varies,  the  maxi- 
mum thickness  being  1  inch.  The  bottom  plates  are  4 
feet  8  inches  wide  and  of  varying  thickness  from  )z  inch 
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to  1  iinh,  anrl  ttic  inner  and  (iiiur  i^tnps  ran^c  from  13 
incln's  by  '4  inch  to  27  inclios  In  1  inch  thick.  The  angle 
iniii.s  arc  0  x(>  X  '4  to  i  inch  thick.  The  top  boom  is  of 
similar  tliinensions,  with  the  exciplion  that,  the  top  plate 
attains  a  ma.xiimini  thickness  of  1  i',.  inch. 

"The  ties  and  struts  arc  (ornud  with  angle-irons  and 
plates,  the  former  being  mainly  ^:ompo^ed  of  plates  with 
strong  cover-plates  at  the  joints,  while  the  latter  are  of 
lattice  construction  and  by  an  ingenious  disposition  of 
material  are  rendered  of  great  strength.  In  section  they 
are  square,  having  double  angle-irons  back  to  back  at 
each  corner ;  on  two  sides  web  plates  are  riveted  between 
the  two  angle-irons,  and  on  the  other  two  sides  the  plates 
are  riveted  to  their  backs,  the  whole  being  stifTened  by 
angle  and  flat-iron  diagonal  bracing. 

"At  a  height  of  iS  feet  above  rail  level  the  cross 
bracing  commences,  which  is  carried  up  10  the  top  boom 
of  the  girder,  the  upper  and  lower  members  being 
connected  by  diagonal  bracing.  The  cross  bracing,  which 
is  2  feet  6  inches  deep,  consists  of  web  plates  ha\  ing  out- 
side longitudinal  angle-irons  and  an  miernal  bracing 
of  angle-irons  beni  to  form  a  rectangular  section. 
The  diagonal  bracing  between  the  upper  and  lower 
cross  bracing  is  formed  of  channel-iron  bars. 

'•  Where  the  cantilever  rests  upon  the  piers,  additional 
raking  side  struts  have  been  put  in  extending  to  a  height 
of  nearly  40  feet.  These  struts  are  of  similar  construction 
to  those  first  described,  and  measure  4  feet  6  inches  by  3 
feet  3  inches  in  cross  section,  the  angle-irons  being  6  x6  x 
■4  and  the  bracing  4X4X  ,'2  inch. 

•'  The  roadway  is  carried  upon  cross-girders  30  feet  apart 
and  3  feet  6  inches  deep,  between  which  run  the  four 
girders  carrying  the  rails.  The  flooring  consists  of  \ 
inch  steel  plates  secured  to  Z  irons. 

'•The  cantilever  has  been  built  w^ith  a  camber  of  6 
inches  from  the  piers  to  the  ends,  the  portion  between  the 
piers  being  level.  At  each  end  of  the  cantilever  a  seating 
has  been  prepared  for  the  ends  <jf  the  shore  spans  to 
rest  upon,  and  the  latter  have  a  bearing  of  2  feet  6  inches 
in  length.  These  girders  are  420  feet  long  each  and  of 
similar  construction  to  the  cantilever,  though,  of  course, 
of  somewhat  lighter  section 

"  The  depth  of  the  girder  and  dimensions  of  the  top 
and  bottom  booms  are  identical  with  those  of  the  canti- 
lever, and  the  thickness  of  the  plates  and  angles  is  as 
follows.  In  the  top  booms  the  web  plates  are  3  feet  6 
inches  deep,  varying  in  thickness  from  ji  inch  to  ;  ;i  inch. 
The  angle-irons  are  6  x  6  x  ^4  ,  and  the  thickness  of  the 
top  plate,  which  is  4  feet  8  inches  wide,  varies  from  ^s 
inch  at  the  ends  to  }|;  inch  at  the  center.  It  is  strength- 
ened by  inner  and  outer  strips  13  inches  and  I  foot  7^-2 
inches  wide  respectively,  whose  thickness  at  the  center 
is  )<  inch  each.  Tee-irons  are  riveted  to  the  outside 
web-plates  to  impart  additional  strength. 

"The  bottom  boom  is  of  similar  section,  but  the 
tee-iron  runner  is  left  out,  and  the  bottom  plate 
measures  i  inch  thick  at  the  center;  the  inner  and  outer 
strips,  which  are  both  of  the  same  width  as  those  in  the 
bottom  boom  of  the  cantilever  (13  inches),  are  each  )i 
inch  thick. 

"The  .struts  are  formed  of  6-inch  angle-iron  verti- 
cals with  3-inch  bracing.  The  ties  are  formed  of  flat 
bars  as  in  the  cantilever,  and  a  channel  bar  riveted  to 
both  ties  and  struts  traverses  the  whole  length  of  the 
girder. 

"  The  cross-bracing  and  wind-ties  in  the  shore  girders 
are  much  simpler  than  in  the  case  of  the  cantilever,  and, 
instead  of  commencing  at  a  uniform  height  of  18  feet 
above  rail  level,  are  simply  placed  between  the  top  booms 
of  the  two  main  girders.  The  weight  of  the  shore  spans 
is  slightly  above  1,000  tons  each.  At  the  river  ends  of 
the  girders,  a  bearing  is  provided  to  rest  upon  those  pre- 
viously mentioned  at  the  ends  of  the  cantilever,  and  the 
junction  is  strengthened  by  plates  riveted  to  both  girders. 
At  the  shore  ends  pendulum  bearings  are  provided,  con- 
sisting of  massive  castings  13  feet  high  and  10  feet  by  6 
feet  on  base.  These  castings  are  /\  shaped,  and  near  the 
top — which  is  bossed  out  to  receive  it — passes  a  steel  pin 
some  15  inches  in  diameter,  extending  a  few  inches  be- 
yond each    side  of   the   casting,  which    is   here  two  feet 


across.  On  these  ovei  liaiiging  ends  are  keyed  two  steel 
links,  10  feet  long  by  2  teei  wide,  bored  at  tiieirlowcr  ex- 
tremities to  receive  another  similar  pin  which,  in  its  turn, 
protrudes  beyond  the  links  and  rccei\es  the  weight  of 
the  girder  by  means  of  cast  plaies,  bolted  on  cither  side 
of  the  latter,  which  are  tunied  to  a  bearingand  accurately 
tit  upon  the  steel  pin.  ■'\s  the  links  are  Iree  to  move  in 
either  direction,  any  expansion  or  contraction  is  at  once 
taken  up. 

"  The  abutments  upon  which  the  shore  spans  rest  are  of 
brickwork,  and  on  the  llooghly  side  have  been  carried 
down  to  the  yellow  clay  upon  which  the  central  pii  rs 
rest;  while  on  the  Naihali  side  the  clay  was  not  reached, 
and  the  abutments  rest  upon  a  bed  of  gray  sand. 

"On  the  Hooghly  side  a  brick  viaduct,  2, ceo  feet  long, 
was  found  necessarv  on  account  of  the  numerous  build- 
ings that  would  be  interfered  «  ith  by  an  embankment. 
The  span  of  the  arches  in  the  viaduct  is  30  feet,  and  in- 
stead of  being  turned  upon  wooden  centers  in  the  ordi- 
nary manner,  wrought-iron  trusses  were  made  to  the 
curve  of  the  arch  and  rapidl\  put  into  place  by  means  of 
a  portable  crane  tra\eling  upon  a  line  of  rails  laid  across 
the  arch.  These  centers,  on  account  of  their  portability, 
were  found  of  great  advantage,  and  the  rapidity  with 
which  this  portion  of  the  work  was  constructed  is  no 
doubt  due  to  their  use. 

"The  Naihati  viaduct  is  but  425  feet  long  and  the  arches 
of  small  span.  Both  of  these  viaducts  were  subjected  to 
immense  stresses  during  the  time  the  shore  spans  were 
being  built  up  and  launched,  and  it  was  considered  nec- 
essary to  strut  the  arches  and  brick  up  a  larger  opening, 
over  which  a  bridge  is  now  in  course  of  construction.  It 
is  satisfactory  to  learn  that  the  viaducts  showed  no  signs 
of  weakness  during  the  process  of  girder-building,  and  no 
settlement  has  taken  place. 

"As  we  have  indicated,  the  shore  spans  were  built  up 
upon  the  viaducts  Irom  iron  work  prepared  in  England, 
fitted  together  and  marked  before  sending  out.  The  canti- 
lever was  built  in  the  position  it  now  occupies,  a  substan- 
tial staging  being  erected  between  the  two  piers.  The 
length  beyond  the  piers  was  simply  extended  as  it  was 
built  up,  and  the  advantage  that  this  method  possesses 
over  that  of  building  up  on  shore  and  floating  out  to  site 
is  too  obvious  to  call  for  further  notice." 


Desiccated  Sewage. 


The  following  description  of  a  process  of  solidifying 
sewage  is  taken  Irom  the  London  Tnins :  "  The  works  are 
situated  close  to  the  Walthamstow  sewage  works  and 
farm,  and  consist  of  a  timber  building,  two  stories  high. 
On  the  ground  floor  is  the  driving  power,  consisting  of  a 
12-horse  engine  and  boiler  ;  part  of  the  desiccating  appa- 
ratus is  also  on  this  floor,  but  the  treatment  of  the  sewage 
sludge  commences  on  the  upper  floor.  Here  is  a  tank 
into  which  the  sewage  sludge  is  pumped  after  it  has  been 
chemically  treated  and  deprived  of  its  supernatant  water 
by  Mr.  Jerram's  arrangements  in  the  adjacent  sewage 
works.  The  tank  will  contain  about  400  gallons  of  sludge, 
which  is  fed  into  the  water-extracting  machine  through  a 
6-inch  pipe,  and  the  supply  is  regulated  bv  a  sluice 
valve. 

"  The  machine,  which  is  about  24  feet  in  length  and  8 
feet  in  width,  consists  first  of  a  large  sludge-vat,  in  which 
are  two  hollow,  perforated,  metal  cylinders,  12  inches 
diameter,  and  covered  with  fine  wire  gauze  having  6,400 
meshes  per  square  inch.  These  cylinders  revolve  against 
brushes,  which  keep  the  meshes  of  the  wire  gauze  clear. 
By  means  of  a  pump  a  partial  vacuum  is  created  in  these 
cylinders,  and  the  result  is  that  about  60  per  cent,  of  the 
moisture  contained  in  the  sludge  is  extracted  at  this  point. 
From  this  tank  the  sludge  is  delivered  by  a  sluice  valve 
on  to  an  endless  traveling  web  of  wire  gauze  of  the  same 
mesh  as  that  on  the  cylinders,  the  web  being  as  wide  as 
the  machine— namely,  8  feet.  This  web  is  supported  by 
brass  rollers  placed  at  intervals,  and  passes  under  two 
rollers  and  over  two  of  Korting's  exhausters,  which  remove 
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another  10  per  cent,  of  the  moisture.  The  sludge  has  now 
assumed  the  consistency  of  a  thick  paste,  and  in  this  con- 
dition it  is  passed  between  five  pairs  of  rollers  furnished 
with  iron  scrapers.  From  the  last  pair  of  rollers  the  scn:i- 
dried  sludge  falls  into  a  hopper,  whence  it  is  fed  into  a 
disintegrating  cage  on  the  lower  floor,  and  in  which  it  is 
finally  disintegrated  and  dried  by  a  blast  of  warm  air, 
leaving  only  about  5  per  cent,  of  moisture  in  it.  The 
solid  particles  of  the  sewage  now  assume  the  form  of  a 
coarse  powder,  which  falls  through  the  wire  meshes  of  the 
disintegrator  on  to  the  head  of  an  Archimedean  screw 
running  in  a  long  trough,  and  by  which  means  the 
powdered  manure  is  delivered  into  a  pit,  whence  it  is 
packed  in  bags  for  the  market.  The  continuity  and  effi- 
ciency of  Mr.  Astrop's  system  were  satisfactorily  demon- 
strated to  those  present,  and  it  was  stated  that  the  result- 
ing powder  possesses  a  high  manurial  value.  The  process 
is  certainly  simple  and  effective,  and  if  the  commercial 
results  of  the  use  of  the  manure  prove  successful — and 
there  appears  to  be  no  reason  why  they  should  not — the 
process  would  seem  to  ofTer  a  satisfactory  solution  of  the 
sewage  question  under  certain  conditions." 


report  of  the  Commissioners,  April  22,  1886,  has  but  recent- 
ly been  published  as  Senate  Document  No.  71,  of  1886. 

In  addition  to  the  work  on  the  parallel  boundary,  the 
meridian  boundary  on  the  west  (about  iSj- miles  in  length) 
was  restored,. 5 1  monuments  being  set  upon  it.  Of  all 
this  work.  Major  Clarke  gives  a  complete,  clear  and 
interesting  account,  tracing,  moreover,  the  history  of  all 
negotiations,  transactions  and  surveys  affecting"  either 
boundary.  In  the  appendix  are  numerous  curious  data 
and  documents,  among  which  we  notice  a  careful  rdsume 
of  the  boundaries  given  to  New  York  and  Pennsylvania 
on  ancient  maps,  interesting  accounts  of  the  "  Massa- 
chusetts claim."  the  "  Connecticut  claim  in  Pennsylvania," 
the  "Connecticut  Gore  in  New  York  "  and  the  "  Erie 
Triangle,"  and  finally  complete  maps  of  the  restored 
boundary  showing  locations  of  new  monuments  through- 
out. We  do  not  hesitate  to  say  that  Major  Clarke,  who 
has  skillfully  restored  and  set  so  many  monuments,  has. 
in  this  final  report,  added  a  crowning  one  to  the  list — a 
monument  to  his  own  fame.  He  deserves  to  be,  and  we 
trust  he  will  be,  as  long  remembered  as  Mason  and 
Dixon.-  -Engineering  anil  Mining  Journal. 


The  New  York  Boundary  Survey. 


Reorganizing  the  Signal  Serv 


The  report  of  the  Regent's  Boundary  Commission  upon 
•the  New  York  and  Pennsylvania  boundary  not  only  an- 
nounces the  conclusion  of  an  important  work,  but  presents 
a  complete  account  of  it,  and  of  the  history  leading  up  to 
it,  from  the  time  of  the  earliest  royal  grants.  Of  the 
octavo  volume  of  490  pages  containing  it,  some  460  pages 
are  occupied  with  the  final  report  of  the  surveyor.  Major 
H.  Wadsworth  Clarke,  of  Syracuse,  and  its  interesting 
appendices. 

It  was  in  1786  and  17S7  that  the  Commissioners  of  the 
two  States  ran  the  line,  as  accurately  as  it  could  then  be 
done,  along  the  42d  parallel  from  the  Delaware  River  to 
Lake  Erie.  A  preliminary  reconnoissance  having  shown 
that  this  line  never  did  perfectly  coincide  with  the  paral- 
lel named,  but  certainly  varied  from  it,  sometimes  to  the 
extent  of  a  thousand  ieet,  and.  moreover,  that  a  large 
number  of  the  old  monuments  were  missing,  so  that  the 
exact  recovery  of  the  old  line  at  all  points  would  be  very 
difficult  if  not  impracticable,  the  question  arose,  whether 
It  would  not  be  better  to  resurvey  with  the  best  modern 
skill  and  instruments  of  precision  the  parallel  of  latitude 
originally  intended  to  be  the  boundary,  and  to  establish 
as  a  boundary  in  future,  without  regard  to  the  remaining 
monuments  of  a  hundred  years  ago,  the  geodetic  line  thus 
determined.  The  Pennsylvania  Commissioners  at  first 
favored  the  idea  of  a  new  line,  but  fortunatelv  better 
counsels  prevailed  ;  the  views  of  the  New  York  Commis- 
sion were  adopted,  and  the  important  coisider.itions  of 
long-established  usage  and  cadastral  boundaries  were  not 
sacrificed  to  the  fanciful  advantage  of  astronomical  accur- 
acy. The  Joint  Commission  set  itself  to  work  to  recover 
the  old  line,  from  the  Delaware  to  the  corner  with  the 
western  meridian  boundary — a  distance  of  226. 84  miles. 
The  number  of  milestones  on  the  old  line  was  224,  the 
average  distance  between  them  being  about  i  per  cent, 
over  a  mile.  Of  these  224  milestones.  122  were  found  in 
place  and  undisputed;  37  were  found  removed  from  their 
places  and  in  various  stages  of  dilapidation;  and  the  other 
65  were  entirely  missing.  Of  other  monuments  known  to 
have  been  on  the  line,  11  were  found  in  place,  though 
some  of  them  were  broken;  6  were  out  of  place  or  missing 
— and  doubtless  others  might  be  included  in  this  last 
category,  only  that  the  memory  as  well  as  the  material  of 
them  has  disappeared.  It  was  evidently  high  time  to 
restore  landmarks. 

Mr.  C.  M.  Gere,  the  surveyor  on  the  part  of  Penn- 
sylvania, having  retired  from  active  field  work  on  account 
of  ill-health,  a  high  compliment  was  paid  to  Major  Clarke 
by  the  request  of  the  Pennsylvania  Commissioners  that  he 
would  act  for  both  States ;  and  the  latter  half  of  the  work 
was  conducted  by  him.  To  him,  also,  we  owe  the  present 
exhaustive  and  valuable  report,  which,  although  dated  in 
December,  1885,  and  transmitted  to  the  Sena:e  with    the 


Science,  in  a  recent  iiumliL-r,  says  :  "The  death  of  General 
Hazen,  Chief  Signal  Officer  of  the  Army,  marks  Ihe  close  of 
the  second  period  of  the  development  of  our  weather  bureau. 
During  the  ten  years  from  1870  to  1880,  while  the  bureau  was 
under  the  direction  of  its  first  Chief,  General  Myer,  the  labor 
expended  upon  it  was  ijiven  in  greatest  part  to  its  organization. 
Stations  had  to  be  selected  and  their  instrumental  outfit  deter- 
mined ;  the  time  and  kind  of  observations  had  to  be  decided 
upon,  and  observers  instructed  in  their  duties  ;  the  methods  of 
reduction  of  data  to  practical  form  for  use  on  a  weather-map 
had  to  be  adapted  to  the  needs  of  a  larger  area  than  was  ever 
before  brought  under  the  control  of  a  single  weather  office. 
Apart  from  the  almost  exclusively  military  constitution  of  the 
during  these  years,  its  most  marked  characteristics  in 
ith  the  European  weather  services  were  the  large 
sums  of  public  money  devoted  to  its  support,  the  system  of 
tri-daily  observations,  and  the  absolute  control  exercised  over 
all  telegraphic  lines  in  the  collection  of  reports,  in  virtue  of 
the  law  of  1S66.  Its  maps  were  thus  prepared  more  frequently 
and  more  promptly  than  w,ealh(er  maps  are  abroad,  and  were  ad- 
mired all  over  the  world. 

"  General  Hazen  took  charge  of  a  highly  developed  service, 
and  turned  his  efforts  in  two  directions  that  to  most  persons 
appeared  quite  contradictory.  He  insisted  on  the  need  of  mili- 
tary organization,  and,  at  the  same  time,  introduced  numerous 
and  important  improvements  that  had  nothing  military  about 
them.  But  during  his  administration,  public  discussion  was 
frequently  turned  to  the  advisability  of  '  civilizing  '  the  weather 
bureau,  for  its  work  was  not  as  successful  as  was  desired.  A 
committee  of  the  National  Academy  of  Sciences  reported  in 
favor  of  the  change,  the  then  Secretary  of  War  urged  it,  and  a 
joint  congressional  commission  recommended  it,  three  mem- 
bers of  the  commission  advising  a  gradual,  and  three  an  imme- 
diate, transfer  from  military  to  civil  authority.  Popular 
opinion  very  generally  supported  these  recommendations,  and 
the  chief  objections  to  them  came  from  the  military  element  of 
the  service  itself.  All  the  official  declarations  of  the  service 
maintained  to  the  last  that  a  military  organization  was  essential 
to  success  in  weather  prediction.  It  might  be  forcibly  con- 
tended, on  the  basis  of  published  statements  in  the  annual 
reports,  that  the  service  had,  for  its  first  object,  the  availability 
of  its  entire  force  in  case  of  war,  were  it  not  that  its  whole  public 
work  refuted  this  theory.  The  real  work  of  the  service  is  the 
announcement  of  the  approach  and  force  of  storms  throughout 
the  United  States  for  the  benefit  of  agrimluin-  and  commerce 
in  time  of  peace. 
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"  The  people  at  large  have  taken  a  great  interest  in  the  Oov- 
•ernmenl  weather  bureau,  and  desire  to  see  its  work  continued 
and  its  predictions  improved.  They  would  be  glad  to  see  an 
extension  of  scientific  study  in  its  offices,  for  on  such  study  all 
its  chances  of  better  success  depend.  The  opening  of  the  third 
period  in  its  history  will,  therefore,  be  watched  with  the  deepest 
interest.  The  needs  of  the  service  must  be  thoroughly  and 
deliberately  considered.  Immediate  action,  resulting  in  (he 
appointment  either  of  a  military  chief  or  of  a  civil  director, 
would  be  deprecated  on  all  sides,  for  the  interests  involved  arc 
too  great  to  be  endangered  by  hasty  decision.  Moreover, 
there  is  a  very  general  desire,  on  the  part  of  meteorologists  and 
of  scientists  generally  throughout  the  country,  that  they  should 
at  least  be  heard  in  the  matter  before  decision  is  reached,  so 
that  whatever  plan  of  future  organization  is  adopted  shall  be 
based  on  full  and  open  discussion.  Deliberate  action  and 
authorized  opportunity  for  consideration  of  scientific  as  well  as 
of  military  methods  are,  therefore,  of  the  first  importance.  It 
should  be  the  earnest  eflfort  of  all  who  have  watched  the  develop- 
ment of  the  signal  service  thus  far  to  secure  these  guaranties  of 
its  further  progress." 


Compound  Engines. 


Mk.  V.  Be 


KKiES.  it  will  be  remembered,  says  The  Engineer, 
with  Mr.  Worsdell  in  compound  engine  work. 
The  following  statement  from  his  pen  as  to  the  advantages 
and  rationale  of  compounding  is  taken  from  Glaser's  Anna/en, 
published  in  Berlin  : 

"The  advantage  of  compound  working  may  be  stated  as 
follows  :  In  the  ordinary  locomotive,  with  slide  valves  and 
narrow  ports,  it  is  not  very  desirable  to  attempt  more  than 
three  to  four-fold  expansion,  and  the  steam  is  passed  off  at  a 
pretty  high  temperature,  which  is  utilized  somewhat  in  the 
second  cylinder  of  the  compound  machine.  Furthermore,  the 
shell  of  the  cylinder  naturally  takes  the  mean  temperature  of 
the  steam  passing  through  it  ;  and  as  the  temperature  of  the 
expanded  steam  falls  below  this  it  absorbs,  before  passing 
into  the  stack,  a  certain  amount  of  heat  from  the  cylinder 
shell  which  has  to  be  replaced  from  the  entering  steam.  This 
operation  in  a  compound  machine  takes  place  in  the  low- 
pressure  cylinder  only,  since  the  heat  absorbed  by  the  steam 
from  the  other  cylinder  is  utilized  in  the  low-pressure  one. 
The  steam  lost  in  the  clearance  spaces  and  in  the  leakage 
around  the  piston  of  the  high-pressure  cylinder  is  also  utilized, 
and  a  more  uniform  pressure  on  the  piston  is  attained  for  the 
same  degree  of  expansion, 

"  With  steam  cut  off  at  one-quarter  stroke,  the  greatest  force 
of  the  steam  is  exerted  where  it  is  least  effective  and  produces 
more  friction,  while  if  we  gel  the  same  expansion  by  cutting 
off  at  one-half  and  expanding  into  another  cylinder,  the  action 
of  the  steam  is  obviously  more  effective. 

"  By  the  possibility  of  expanding  two-fold,  while  giving  full 
steam  to  one  cylinder,  and  obtaining  an  eight-fold  expansion 
by  cutting  off  at  one-fourth,  greater  and  more  profitable  range 
is  given  to  the  engineman  in  graduating  his  cui-off. 

"  With  all  these  theoretical  advantages,  a  practical  average 
saving  of  fuel  of  17. i  per  cent,  over  locomotives  of  similar 
construction  with  ordinary  cylinders  has  been  attained.  This 
result  is  the  average  of  the  collective  working  of  three  com- 
pound engines — respectively,  freight,  passenger  and  omnibus 
engines — working  against  seven  different  ordinary  engines  of 
similar  class  and  weight,  for  periods  of  from  three  to  nine 
months  each. 

"  The  boiler  pressure  carried  on  the  compounds  was  180  lbs., 
while  that  of  the  other  engines  varied  from  135  lbs.  to  180  lbs. 

"The  valve  gear  of  these  compound  engines  is  just  as  simple 
as  that  of  ordinary  engines,  the  links  for  both  cylinders  being 


set  by  the  same  movement  cif  ihe  lever  and  not  capable  of  sep- 
arate adjustment. 

"It  is  to  be  noted  that  in  this  system  both  slides  receive  to- 
gether the  pressure  usually  thrown  upon  one  for  a  given  quan- 
tity of  steam  used,  causing  less  wear  on  the  parts. 

"Since  the  pressure  on  title  pistons  is  more  uniform  through- 
nut  the  stroke,  and  since  the  work  is  more  equally  divided 
between  the  pistons,  these  engines  run  very  steadily  ;  and  this, 
with  the  smaller  quantity  of  fuel  burned,  makes  the  repairs  for 
machinery  and  boiler  less  than  usual,  in  spite  of  the  high  boiler- 
pressure  carried. 

"  The  great  expansion  of  the  steam  diminishes  the  intensity 
iif  the  blast  so  much  as  to  cause  little  or  no  spark  throwing 
from  the  stack. 

"  To  ascertain  the  necessary  diameter  </,  of  the  large  cylinder. 
Mr.  Von  Borries  uses  the  following  formula  : 

ph 

"Where  Z  =  tractive  force  required  =- 0.14  to  0.16  of  the 
adhesion  weight — when  allowance  is  made  in  Z  for  the  external 
engine  friction,  taken  as  equal  to  that  of  the  cars. 

"  D  =  driving-wheel  diameter,  inches. 

"  h  ^  stroke,  inches. 

"^  =  mean  effective  steam  pressure— after  deducting  inter- 
nal machine  friction — per  square  inch. 

"  This  latter  depends  upon  the  comparative 
the  two  cylinders,  and  from   experience  and   indicator  expei 
ments  may  be  taken  as  follows  : 

Relat 


of 


Large  engines,  with  tenders. 


cent,  of 
cylinders.       boiler 


180  lbs. 


-^\ 


75.6  " 


"  Engines  for  long,  heavy  grades  should  be  proportioned  for 
Z  =  0. 16  adhesion  weight,  that  they  may  have  large  enough 
cylinders  ;  but  0.14  is  usually  enough. 

"For  passenger  and  express  engines  the  size  of  the  small 
cylinder  maybe  made  on  the  usual  basis,  and  the  large  cylinder 
of  double  the  section,  and  the  boiler  pressure  increased  15  lbs. 
to  30  lbs. 

"It  is  desirable  in  general  to  proportion  these  engines  so  that 
they  may  ordinarily  work  at  one-fourth  to  one-third  cut-off. 

"  A  compound  engine  of  this  kind  will  pull,  according  to  Mr. 
Von  Borries,  10  to  15  per  cent,  more  than  an  ordinary  locomo- 
tive with  the  same  heating  surface  and  grate  area. 

"  The  receiver  between  the  cylinders  is  best  constituted  by  a 
pipe  passing,  if  possible,  through  the  smoke-box,  and  if  not, 
over  the  boiler,  lying  close  to  it  and  well  protected  from  cooling 
off.  The  cubic  contents  of  this  connection  pipe  should  not  be 
less  than  that  of  the  small  cylinder,  and  it  is  better  larger,  in 
order  to  avoid  too  unequal  back  pressure  on  the  small  piston. 

"In  order  to  give  as  much  power  as  possible  for  starting,  it 
is  necessary  to  bring  pressure  at  once  on  both  pistons.  For 
this  purpose  an  ingenious  stop-valve  has  been  contrived  by  Mr. 
Von  Borries.  This  valve  is  placed  in  the  connection-pipe  be- 
tween the  cylinders,  and  when  the  throttle  is  first  opened  a 
small  port  gives  entrance  to  steam  behind  the  valve  and  holds 
it  to  a  seat  over  the  exhaust  from  the  small  cylinder,  and  allows 
the  pressure  from  the  boiler,  reduced,  however,  by  the  small 
area  of  the  port,  to  take  effect  on  the  large  piston.  As  soon  as 
the  exhaust  port  of  the  small  cylinder  opens,  the  steam  from 
this  overpowers  the  pressure  behind  the  stop-valve  and  forces  it 
back  to  a  seat,  closing  the  small  extra  port  above  referred  to. 
This  port  is  then  kept  closed  by  the  boiler  pressure  itself  acting 
on  a  balancing  device  until  opened  by  the  driver  by  means  of  a 
special  lever. 

"Before  opening  the  throttle,  therefore,  the  engineer  throws 
this  lever  over,  and  the  opening  of  the  throttle  lets  boiler  steam 
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into  both  cylinders,  which  access  is  suspended  autmii 
soon  as  the  exhaust  of  the  small  cylinder  opens. 

"  The  steam  from  the  stacks  of  these  engines  is 
damp.     This  is  not  a  sign  of  foaming,  but  an  indication  of  the 
more  perfect  extraction  of  the  heat  and  power  from  the  steam. 

"These  engines  make  plenty  of  steam,  particularly  in  fast 
running.  The  exhaust  nozzles  can  be  made  }i  inch  to  -j^j  inch 
wider  than  usual,  owing  to  the  more  uniform  quality  of  the 
blast,  with  its  low  pressure  and  two  gentle  impulses  instead  of 
four  violent  ones  in  every  revolution. 

"  Mr.  Von  Borries  sums  up  the  chief  advantages  of  the  com- 
pound engine  very  sensibly  as  follows  :  Better  production  of 
steam  through  more  uniform  blast,  and  better  application  of  it 
through  higher  expansion  and  the  possibilit\'  of  getting  a  gond 
expansion  with  very  high-pressure  steam,  without  unduly  in- 
creasing the  friction. 

"  From  the  uniformly  good  results  attained  by  the  three  dif- 
ferent methods  of  Mallet  in  France,  Webb  in  England  and 
Von  Borries  in  Germany,  and  similarly  good  results  by  Wors- 
dell  in  England,  with  an  arrangement  similar  to  Von  Boiries, 
it  would  seem  as  if  the  failure  of  the  system  to  work  on  the 
Boston  &  Albany  must  have  been  due  to  an  unsatisfactory 
application. 

"The  adverse  experience  with  compound  locomotives  on  the 
Kaiser  Ferdinand  Northern  Railroad,  of  Austria,  which  by  its 
own  account  lay  entirely  in  the  heavy  repairs,  seems  to  have 
been  due  to  their  injudicious  use  of  the  Mallet  system.  In  this 
there  are  two  sets  of  valve  gear,  to  permit  working  either 
simple  or  compound  ;  and  the  road  in  question  found  that  in 
working  high  pressure  on  both  cylinders  the  unequal  pressure 
racked  the  engine-frame  and  working  parts  out  of  order. 

"  This  high-pressure  working,  according  to  Mr.  Von  Borries' 
experience,  is  only  necessary  on  the  starting  stroke,  and  he 
gets  over  the  unequal  pressure  by  contracting  the  throttles  to 
the  low-pressure  cylinder." 


An  American  Yacht  for  England. 


The  Boston  ']'ra>iscript  says;  "The  designs  for  a  schooner 
yacht  for  Mr.  Potter,  a  wealthy  resident  of  London,  England, 
in  the  hands  of  Mr.  D.  J.  Lawlor,  of  East  Boston,  are  nearly 
completed.  Mr.  Lawlor's  success  in  designing  fast  vessels, 
notably  the  famous  pilot  boat  Hesper,  now  in  Boston  waters, 
led  to  his  receiving  the  English  commission  named  above, 
visitors  from  the  mother  country  having  spread  his  fame  among 
their  fellows  nautically  inclined.  The  new  yacht  is  to  be  120 
feet  over  all,  100  feet  from  stem  to  stern  post,  24  feet  beam 
and  12  feet  draught.  Her  lines  are  finer  than  those  of  the 
Hesper,  and  her  bow  is  longer.  The  area  of  her  midship  frame 
is  124  feet  ;  area  of  load  line,  1,551  feet  ;  coefficient  of  midship 
frame,  .54.  Like  the  Hesper,  she  will  be  a  thorough  sea-going 
craft,  roomy  and  comfortable,  and  calculated  for  great  speed. 
The  area  of  canvas  she  is  to  carry  has  not  yet  been  determined ; 
neither  has  the  yard  where  she  is  to  be  built,  whether  British 
or  American,  been  selected." 


New  Hudson  River  Steamboat. — A  new  iron  steamboat 
for  the  Albany  Dav  Line,  on  the  Hudson  River,  was  recently 
launched  from  the  yard  of  the  Harlan  &  Hollingsn^orth  Com- 
pany, at  Wilmington,  Del.  The  new  boat  is  300  feet  long  be- 
tween perpendiculars,  and  40  feet  beam  :  her  deck  dimensions 
are  315  feet  long  and  75  feet  beam.  She  will  draw  6  feet  of 
water,  loaded.  The  paddle  wheels  will  be  30  feet  diameter,  with 
feathering  floats  12  feet  6  inches  long  by  44  inches  wide.  The 
engine  will  be  of  the  ordinary  walking-beam  pattern,  the  cyl- 
inder 75  inches  diameter  and  12  feet  stroke.  There  are  three 
steel  boilers  of  the  cylindrical  return-Hue  pattern,  and  the  usual 
boiler  pressure  will' be  60  lbs.  The  boat  is  to  be  ready  for  the 
summer  travel. 


Manufactures. 


1  &  Machine  Works.  1 


K'opyriphted  by  the  Ropers  L< 

THE    ROGERS    LOCOMOTIVE    AND    MACHINE 

WORKS. 


With  very  few  exceptions,  the  fuel  used  in  the  early  loco- 
motives in  this  country  was  wood.  This  could  be  burned  suc- 
cessfully with  an  ordinary  "plain"  grate,  as  it  was  called,  con- 
sisting of  narrow  bars  with  spaces  about  yi  inch  wide  between 
them.      Figs.  64  and  (15  show  a  grate  of  this  kind,  which  was 


Fig.  64. 


Fig.  67. 

used  in  1S40.  The  bars  were  made  of  cast-iron,  the  maicrial 
of  which  locomotive  grates  are  almost  universally  made  in 
this  country.      Figs.    66   and  67,    however,   represent  a   grate 
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made  of  wrought-iron  bars,  boiled  together  in  groups  of  four 
bars  each.  The  use  of  wrought-iron  bars  is.  however,  an  ex- 
ception to  the  general  practice  in  this  country.  The  grate 
shown  in  the  figures  last  referred  to  has  a  drop-door  D  at  the 
front  end.     This  is  hinged  at  B.  and  is  held  up  by  the  arms 


to  provide  locomotives  with  what  are  called  shaking  grates 
for  "clearing  the  fire  "  A  number  of  different  grates  of  this 
kind,  which  have  been  applied  to  locomotives  at  the  Rogers 
Works,  are  shown  by  the  following  engravings  : 

Figs.  6S  to  "I  represent  the  Allen  &    Hudson  grate,  which 


Fig.  68. 


d 
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A  A,  on  the  shaft  S.  To  drop  the  door,  the  shaft  is  turned  by 
the  lever  on  the  end  of  the  shaft,  which  lowers  the  arms  A  A 
and  allows  the  door  to  fall. 

As  much  of  the  bituminous  coal  in  this  country  contains  a 
great  deal  of  material  which  causes  it  to  clinker,  or  otherwise 
interferes.withits  free  combustion,  it  has  been  found  essential 


Fig.  73- 


was  patented  by  Albert  J.  Allen  and  William  S.  Hudson 
in  1S5S.  The  grate  is  composed  of  a  series  of  cast-iron  bars 
with  lugs  on  their  sides,  as  shown  in  the  plan.  Underneath 
the  bars  are  two  cast-iron  rocking-shafts,  S  S',  which  have 
arms  a  a'  and  i  b'  on  their  opposite  sides.  Each  grate-bar  has 
two  projections  c  •.'   and  d  d'   on  its  under  side.     To  make   it 
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Fig-  74- 
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Fig-  75 


Fig-  77- 


Fig.  78. 


Fig.  79- 


Fig.  80. 


Fig.  81. 
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clear  how  the  grate  operates,  it  may  be  explained  that  the  bar 
B  B,  shown  in  Fig.  69.  has  the  two  projections  .•  c'  attached  to 
it,  and  that  the  projections  d  d'  are  attached  to  the  bar  next 
to  B  B.  The  projections  c  c  arc  connected  by  pins  to  the 
arms  a  a  ,  and  d  d'  are  attached  to  the  arms  b  h' .    It  is  obvious 


arms  on  the  left  side  of  the  shafts,  it  is  plain  that  the  working 
of  these  shafts  has  the  effect  of  giving  a  limited  upward  and 
downward  movement  to  the  bars,  in  which  each  bar  ascends 
as  the  next  one  on  either  side  of  it  descends,  and  vid  versa. 
This  movement  has  the  effect  of  breaking  up  the  clinkers  or 


\      \ 


Fig.  82. 


Fig.  83. 


Fig.  85. 


then,  that  when  the  shafts  S  S'  are  rocked,  that  the  arms  a  a 
will  rise,  and  b  b'  will  fall  simultaneously,  and  vice  versa,  and 
that  the  grata  bars  connected  to  these  arms  will  have  a  corres- 
ponding movement.  As  the  alternate  bars  which  compose 
the  grate  are  connected  --■■-- 
shafts  S  S,  and  the  bar: 


other  foreign  or  residuary  matter  that  may  collect  upon  the 
grate,  and  which  tend  to  choke  the  draft  between  the  bars, 
and  to  cause  such  matter  to  work  down  between  the  bars  into 
the  ash-pan,  and  also  serves  to  evenly  distribute  the  fuel  over 
the  grate. 

The  working  of  the   shafts   S  S'  is  effected  by  means  of  the 
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Fig.  88. 


Fig.  90 


Fig.  30,  in  the  back  end  of  the   fire-box,  and  can  be  drawn 
through  this  thimble  to  clean  or  remove  the  fire. 

Figs.  90.  Q[  and  92  represent   a  water  grate,  recently  ini 
duced,  to  burn  bituminous  coal. 


:  7'o  be  Co, 


mfJ.) 


Fig.  92. 

lever  L,  which  is  connected  by  a  bar,  F.  to  vertical  arms,  ff, 
attached  to  the  under  side  of  the  shafts.  The  grate  is  also 
provided  with  a  drop  door. 

Figs.  72  and  73  represent  what  is  called  a  "finger"  grate, 
which  consists  of  cast-iron  shafts,  with  projections  or  fingers 
on  each  side.  These  shafts  rest  in  journals,  / /J',  and  are 
rocked  by  a  lever  (not  shown  in  the  engraving)  and  bar  B,  the 
latter  connected  to  vertical  arms,  K  K  K,  attached  to  the  shafts. 
It  is  obvious  that,  as  the  shafts  are  rocked,  the  fingers  on  one 
side  rise,  and  those  on  the  opposite  side  fall,  and  that  the  effect 
will  be  to  thoroughly  shake  up  the  fire.  Figs.  74  and  75  repre- 
sent another  form  of  finger  grate.  Both  the  forms  illustrated 
were  first  used  in   iSfio. 

Figs.  76  to  89  represent  various  forms  of  "rocking"  grates 
as  they  are  called.  These  have  transverse  grate  bars,  with 
journal  bearings  at  each  end,  similar  to  those  of  the  finger 
grates.  The  bars  arc  rocked  on  these  journals,  which  has  an 
effect  similar  to  that  of  the  finger  grate  in  stirring  up  the  fire. 
The  construction  and  action  of  these  grates  will  be  obvious  from 
the  engravings. 

For  burning  anthracite  coal,  the  water-tube  grate  is  almost 
universally  used.  The  form  used  on  the  Philadelphia  & 
Reading  Railroad  is  shown  in  Figs.  30  and  31.  The  tubes  are 
put  in  as  shown  in  Fig.  31.  Solid  bars,  B  B,  are  substituted 
for  every  fourth  tube.     These  bars  pass  through  thimbles,  T, 


Legislative  Hearings  on  Car-Heating. 

MASSACHUSETTS. 

The  Railroad  Committee  of  the  Mass.ichusetts  Legislature 
gave  a  public  hearing  on  the  question  of  car-heating  in  Boston, 
February  10.  The  Railroad  Commissioners,' a  number  of  rail- 
road officers,  patentees  of  heaters  and  others  were  present. 

Col.  StoU,  of  Lowell,  appeared  on  behalf  of  persons  who  had 
petitioned  for  a  law  regulating  methods  of  heating  cars,  and 
urged  the  necessity  of  legislative  action. 

Mr.  James  Emerson,  of  Holyoke,  then  described  his  method 
of  heating  cars  by  steam  taken  from  the  locomt^tive,  and  gave 
some  facts  as  to  its  operation  on  the  Connecticut  River  road. 
He  claimed  that  it  is  now  beyond  the  experimental  stage.  On 
a  train  with  300  passengers  it  is  cheaper  to  heat  from  the  engine 
than  by  stoves.  Fight  scats  additional  are  gained  by  removing 
the  stoves,  and  the  capacity  thus  gained  is  worth  more  than  the 
fuel.  A  train  of  15  cars  would  be  reduced  to  13  and  give  the 
same  seating  capacity,  and  an  engine  can  draw  and  heat  13 
easier  than  it  can  draw  15. 

Mr.  Baker  then  appeared  for  his  heater,  and  claimed  that  the 
steam  system  is  practicable  only  on  small  trains  and  short  runs. 
He  claimed  that  heaters  can  be  made  entirely  safe  by  casing. 

General  Manager  Furber,  of  the  Boston  I't  Maine  road,  said 
that  he  did  not  believe  in  heating  by  steam  from  the  engine  ; 
but  he  believed  cars  could  be  heated  by  hot  water  taken  on  at 
the  stations. 

The  Gouge,  Sewall,  Thayer,  Gold,  Johnson,  Chase,  Burn- 
hem  and  White  systems  of  heating  were  explained  to  the  Coni- 


NEW    YORK 

The  Nfew  York  Legislature  on  Fel 
ing  resolutions  : 

''"  Rcso/vci.  Th.at  the  Board  of  R 
and  the  same  hereby  are  rt(|uestc(l  t( 
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speed  to  this  Legislalure,  whether  there  is  any  feasible  method 
of  heatinK  and  liKhtinu  the  cars  on  passenger  trains  other  than 
that  now  Renerally  in  vogue,  whereby,  in  case  of  accident,  the 
loss  of  life  from  fire,  now  oftentimes  -in  severe,  can  be  avoided  ; 
and  if  so,  what  IcKislation,  if  any.  is  needed  to  secure  the 
adoption  of  such  improved  methods  of  heatinK  and  liRhtins;  by 
the  various  railroad  companies  subject  to  the  laws  of  this  State  : 
and,  also,  that  the  saiil  Board  he  requested  at  the  same  time  to 
report  any  other  and  further  measures  or  suKHestions  for  prac- 
tically increasing  the  security  of  life  and  limb  in  railroad  travel, 
its  may  seem  to  it  proper  and  desiralile  in  the  premises. 

'■  K'fsol-.ed.  That  the  Railroad  Commissioners  be  requested 
to  report  to  the  Assembly  what  legislation  is  necessary  to  com- 
pel  the  use  of  such  methods  of  heating  railroad  cars  as  will 
ensure  safety  from  fire  in  case  of  accident." 

In  pursuance  of  the  above  resolutions,  the  Board  held  a 
public  hearing  on  Wednesday,  February  i6,  upon  the  questions 
of  improved  methods  of  he,ating  and  lighting  in  railroad  pas- 
senger cars.  At  this  hearing  there  were  present  a  number  of 
representatives  of  various  systems  of  healing  cars. 

Mr.  Sewall  explained  his  system  of  heating  by  steam  taken 
from  the  locomotive,  which  is  now  in  use  on  the  Maine  Central. 

Mr.  W.  C.  Baker  described  his  heater,  and  claimed  that  the 
use  of  steam  from  the  locomotive  was  not  practicable. 

Mr.  J.  B.  Brady,  of  the  Smith  &  Owen  Heater  Company, 
described  that  heater,  and  claimed  that  it  could  not  be  broken 
in  any  ordinary  accident. 

Mr.  Medway  (Master  Mechanic  of  the  Boston,  Hoosac  Tun- 
nel (.t  Western)  said  that  they  had  tried  a  heater  suspended 
under  the  car,  and  found  it  very  unsatisfactory. 

Mr.  T.  C.  Shepard,  of  Albany,  presented  a  plan  by  which  he 
proposes  to  heat  cars  and  light  them  with  electricity.  The  idea 
is  to  have  adynamo  in  each  car  to  be  run  from  the  axle  of  one  of 
the  wheels.  By  the  current,  water  is  heated  so  as  to  warm  the 
car,  and  there  is  a  storage  battery  in  the  plan  to  guard  against 
long  stops. 

Mr.  J.  W.  Cloud  (Superintendent  of  Motive  Power,  New 
York,  Lake  Erie  &  Western)  did  not  think  any  car  could  be 
properly  heated  and  .ventilated  unless  cold  air  is  heated  before 
it  is  brought  in  from  the  outside.  The  present  system  of 
heaters  or  stoves  can  be  made  comparatively  safe.  The  trouble 
is  that  the  heaters  are  built  like  egg  shells  and  break  too  easily. 
Steam  heating  from  the  engine  was  also  practicable,  but  it  would 
take  too  much  power  to  run  a  dynamo  from  a  car-axle.  It 
would  be  twenty  times  as  great  a  demand  on  the  engine  as  to 
take  steam  from  it  to  heat  the  cars.  The  trouble  with  steam- 
heating  was  that  hot  water  condenses  in  the  rubber  hose  and 
spoils  it.  Any  change  in  the  system  of  car-heating  would  re- 
quire additional  plant  and  expense  at  terminal  stations. 

The  discussion  then  turned  on  the  lighting  of  cars.  Mr. 
Rogers  held  that  fires  were  just  as  frequently  started  by  lamps 
and  candles  as  by  hot  coals.  Mr,  Smith  said  a  chemical  elec- 
tric battery  was  being  successfully  used  for  this  purpose  on  the 
Boston  &  Albanv  road. 

Mr.  R.  C.  Bla'ckall  (Master  Mechanic,  Delaware  &  Hudson 
Canal  Company,)  offered  the  Commission  the  use  of  a  car  for 
experimental  purposes,  and  the  offer  was  accepted. 

The  investigation  will  be  continued  by  the  Commission,  be- 
fore a  report  is  made  to  the  Legislature. 


The  French  Railroad  Jubilee. — Active  preparations  con- 
tinue to  be  made  for  the  celebration  of  the  50th  anniversary  of 
the  establishment  of  railroads  in  France. 

The  promoters  of  this  jubilee  have,  however,  recently  received 
a  check,  which  may  prove  a  very  serious  one.  to  the  projected 
celebration.  Six  of  the  great  railroad  com.panies  of  France 
have  declined  to  take  part  in  the  proceedings  at  Vincennes  in 
1887.  They  are  unanimous  in  regarding  the  proposed  celebra- 
tion as  contrary  not  only  to  historic  truth,  but  to  the  interests 
of  the  Exhibition  in  preparation  for  the  1889  centenary.  They 
state  that  the  first  railroad  in  France  was  made  previous  to  the 
year  1837,  and  to  celebrate  in  18S7  the  fiftieth  year  of  their 
railroad  system  would  be  to  give  an  impression  contrary  to 
truth  ;  that  other  nations  had  been  notably  in  advance  of  France. 
Further,  to  organize  an  especial  exhibition  in  relation  to  railways 
and  the  divers  industries  connected  with  them,  only  two  years 
previous  to  the  great  industrial  manifestation  of  l88g,  would  be  to 
rob  the  latter  of  a  part  of  its  attraction  and  eclat.  The  six 
great  companies  consider  it  their  duty  to  reserve  all  their  efforts 
for  the  national  fetes  of  the  centenary.  The  Institution  of  Civil 
Engineers  of  France  has  declined  to  support  this  scheme,  and 
it  is  reported  that  the  Minister  of  Public  Works  has  also  refused 
it  his  support.  It  is  also  charged  that  the  proposed  celebra- 
tion will  really  have  no  technical  interest,  and  that  the  sup- 
porters of  the  scheme  have   not   had   engineering   prominently 


New  Inventions. 


^  February  19,  1887. 

TllK  United  States  Patent  Office  passed  to  issue  in  the  month 
of  December,  last,  1,637  patents,  and  in  the  month  of  January 
1,448  ;  or,  for  the  two  months  in  question,  3.0S5  patents. 

Examining  these  patents  for  the  purpose  of  making  a  com- 
prehensive exhibit  <if  all  those  covering  devices  intended  for 
use  on  a  railroad  of  any  kind,  we  find  that  221,  or  something 
more  than  7  per  cent,  of  the  entire  lot,  are  properly  to  be  in- 
cluded in  such  exhibit. 

With  the  understanding  that,  where  there  is  no  specific  indi- 
cation to  another  effect,  the  appliance  designated  is  intended, 
primarily,  for  use  on  standard-gauge  surface  railroads  operated 
by  steam  locomotives  ;  the  nomenclature  used  in  the  subjoined 
table  sufficiently  suggests  the  class  of  railroad  service  for  which 
the  invention  named  is  intended. 

Our  inventors,  then,  in  the  brief  period  of  eight  weeks,  have 
added  to  the  stock  of  contrivances  from  which  railway  man- 
agers seeking  improved  appliances  may  select,  the  eleven  score 
devices  scheduled  below  : 


rxie""" ; 

Bogie— loose  wheeled i 

BraKES-TkmN    BRAKK..i- 

Fluid  pressure 2 

Electromagnetic 

Automatic 11 

Brake  attachment— hand ; 

Brake-block-holder 1 

Brake  and  wheel  dresser i 

Brake-shoe 2 

Cable  railways 3 

Cable  railway-switch i 

Cable  railway  cable  tunnel i 

Cable-grip 5 

Lh^k^uKrf:;;:::::;;::;;:';'! 

Cars- 

Stock-car 5 

Street-car 5 

Hand-car                                    1-13 

Car  lamp 2 

Car-lightingapparalus,  clectricai.   i 

Car'door  ffsrc'!fe^r"frei   ht \ 

Car-door,  freight '. 3 

Car-wheel 3 

Wheel-measuring  device ■ 

carimol"? ! ' ' ' ' ! .' : : ! ! . : '  ■' 

Fire-do 


operating-mechanism. 


Gate  for  Cr 
lournal-brass. 

Journal  nilcr.. 


lock 


Pinch-bar 

Railway,  elevated 

Switch  casting  for 

Railway  crossing    

Railway  operation  at  way  si 
Railway,  street,   post  for 

support 

Rail-joint 

Rail-fastening 

Rail-repairing  mechanism. 

Rail  chair 

Seat  for  freight-cars 

Snow-plow  and  scraper 

Snow-fslow 


Cattle  guard 

Exhaust  mechanism. 
Foot-guard  for  frogs . . 
Frog 


Train 

Road 

Signal-lamp 

Signal-fusee 

Smoke-stack 

Spark-arrester 

Spike 

Swiich-piate!'. .'..!.' .'!"..! 

Switch  stand 

Tie,  metallic 

Tie,  for  cable  road 

Turn-table 

Track-laying  apparatus . 

Tamping-bar 

Truck-assembling  appar: 

Traction  increaser 

Ventilating  apparatus  foi 

WhMMruer'.'.  ■■.'■■ '.'.:.■ 


As  promising  to  serve  well   in  a  direction  in  which  improved 


practice 


very 


desirable, 


the  steam-actuated  fur 


nace-door  operating  device.  Patent  No.  354.631.  With  this 
device  in  use  the  locomotive  fireman,  in  order  to  open  or  close 
his  fire-door,  has  only  to  press  his  foot  upon  a  conveniently- 
placed  pedal. 

The  fire-door  shown  in  the  drawings  in  this  patent  has  two 
leaves,  or  valves,  closing  upon  a  medial  vertical  line.  We  sug- 
gest a  division  of  the  door  upon  a  horizontal  line  across  the 
doorway,  which  line  may  be  somewhat  above  the  middle  of  the 
fire-hole.  With  a  door  thus  arranged,  the  edge  of  the  lower 
leaf  being  .suitably  beveled,  the  fireman  may,  with  his  broom, 
send  the  sweepings  of  the  foot-board  directly  into  the  fire-box  ; 
moreover,  with  this  suggested  arrangement  the  space  neces- 
sarily left  free  for  the  lateral  swinging  of  a  door  (or  doors) 
hinged  at  the  side,  may  be  otherwise  utilized.  But.  why  not 
hinge  the  whole  door  at  its  upper  edge  ;  or,  indeed,  why  not 
slide  the  whole  door  sidewise  ? 

Another  device  deserving  attention  is  the  railroad  crossing, 
patent  No.  355.156- 

The  array  of  coupler  men  is  fully  up  to  the  average — in  num- 
ber and  in  ingenuity.     Very  many  r>f  these  patentees  have,  like 
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many  of  the  army  heretofore  passed  in  review,  gone  to  work 
in  entire  disregard  (or  ignorance)  of  the  fact  that  a  car-coupler, 
if  it  is  to  be  of  any  present  value,  must  be  effective  in  coupling 
with  the  ordinary  link-and-pin  hand-smasher.  J.   M.  G. 


Proceedings  of  Societies. 


Omaha  Railway  Club. 

A  NUMBER  of  the  employes  of  the  Union  Pacilic  Railway 
have  formed  an  organization  known  as  the  Omaha  Railway 
Club,  for  the  purpose  of  discussing  matters  connected  with 
the  railroad  service.  At  the  first  meeting  a  committee  was 
appointed  to  prepare  a  constitution  and  by-laws.  The  inten- 
tion is  to  meet  monthly  in  Omaha. 


Cleveland  Civil  Engineers'  Club. 

A  MEETING  of  this  Club  was  held  in  Cleveland,  O.,  February 
8,  at  which  nominations  were  made  for  officers  to  be  voted  for 
at  the  March  meeting. 

Mr.  W.  W,  Christian,  of  Norwalk,  O.,  then  road  a  paper  on 
Piping  Natural  Gas  Long  Distances,  which  was  followed  by  a 
brief  discussion. 


Engineers'  Club  of  Kansas  City. 

This  Club  was  organized  at  a  meeting  held  in  Kansas  City, 
Mo.,  February  6.  It  starts  with  thirty-three  members,  and  its 
regular  meetings  will  be  held  on  the  first  Monday  of  each 
month. 

The  officers  of  the  Club  are  :  William  B.  Knight,  President  ; 
J.  A.  L.  Waddell,  Vice-President  ;  Octave  Chanute,  Clift 
Wise,  Directors  ;   Kenneth  Allen,  Secretary,  Treasurer  and  Li- 


Iowa  Society  of  Civil  Engineers. 

The  annual  meeting  of  this  Association  was  held  at  Des 
Moines,  la.,  February  3.  The  reports  of  the  officers  show 
that  there  are  now  16  members. 

The  following  officers  were  elected  for  the  ensuing  year  ; 
President.  William  Steyh,  Burlington  ;  Vice-President,  M. 
Tschirgi,  Jr.,  Dubuque;  Secretary,  F.  A.  Macdonald,  Cedar 
Rapids  ;  Treasurer.  A.  W.  Swanitz,  Cedar  Rapids  ;  Executive 
Committee,  Conrad  Eimbeck.  W.  W.  Young. 

Committees  were  appointed  to  arrange  for  the  next  meeting, 
and  to  take  steps  to  extend  the  membership.  It  was  decided 
to  hold  the  next  meeting  at  Des  Moines  on  April  13  next. 

Mr.  Tschirgi  read  a  long  and  interesting  paper  on  City 
Engineering,  describing  the  many  important  duties  devolving 
upon  the  Engineer  of  a  small  city  and  the  wide  range  of  work 
expected  from  him.  The  Society  then  adjourned  until  April  next. 


Michigan  Engineering  Society. 

The  eighth  annual  convention  of  the  Michigan  Engineering 
Society  was  held  in  Grand  Rapids,  Mich,  January  25,  with 
a  large  attendance. 

The  first  papers  read  were  a  report  on  the  Tamarack  Mine 
by  Charles  D.  Lawlon,  State  Mining  Commissioner,  and  a 
description  by  President  Davis  of  the  standard  measure  built 
in  the  hall  of  the  main  building  of  the  State  University  at  Ann 
Arbor.  This  rod  is  103  feet  long,  is  made  of  pine,  and  so 
arranged  that  it  will  remain  in  an  equable  temperature  contin- 
uously. The  measure  was  "standardized"  by  a  6-feet  steel 
Coast  Survey  rod,  and  will  be  the  future  standard  measure  for 
engineers'  tapes  and  chains  in  Michigan. 

On  the  second  day  several  papers  were  read  and  the  follow- 
ing officers  elected:  President,  George  E.  Steele,  Traverse  City; 
Vice-President,  F.  Guild,  East  Saginaw;  Secretary.  H.  Hodg- 
man,  Climax. 


Central  Railway  Club. 

This  Club,  which  was  organized  at  a  meeting  held  in  Buf- 
falo, N.  Y.,  January  26,  is  the  outgrowth  of  the  meetings  of 
master  car-builders  which  have  for  several  years  been  held 
in   Buffalo,  from  time    to  time,  to    discuss    the  rules   of    inter- 


change and  setile  disputed  points.  It  has  been  agreed  by 
those  attending  the  meetings  that  a  new  Club  was  desirable,  to 
be  organized  on  much  the  same  plan  as  the  Master  Car-Build- 
ers' Clul)  in  New  York,  the  New  England  Railroad  Club  in 
Boston  and  the  Western  Railway  Club  in  Chicago,  and  to  fill 
up  the  wide  gap  now  existing  between  the  Eastern  and  West- 
ern organizations.     The  result  is  the  Central  Railway  Club. 

At  the  meeting  of  January  26,  a  constitution  and  by-laws 
were  adopted,  and  all  the  necessarv  machincrv  put  in  motion. 
The  officers  chosen  were  :  President.  R.  H.  Soule.  Buffalo,  N. 
Y.;  Vice-President.  T.  Sullivan,  .St.  Thomas.  Ont.;  Secretary 
and  Treasurer,  E.  Chamberlain,  Buffalo,  N.  Y.;  Executive  and 
Financial  Committee,  R.  H.  Soule,  E.  E.  Chamberlarn,  W.  F. 
Turreff,  F.  B.  Griffith,  John  Kirby  and  R.  C.  Blackall. 

Meetings  are  to  be  held  at  Buffalo  on  the  fourth  Wednesday 
in  March.  May,  July  and  October. 

The  establishment  of  a  museum  of  railroad  machinery  and 
appliances  is  proposed,  but  no  action  has  yet  been  taken  on 
this  point. 

New  England  Water- Works  Association. 

A  REGULAR  meeting  was  held  in  Boston,  February  9.  Mr. 
Hiram  F.  Mills  spoke  of  the  newly  organized  Stale' Board  of 
Health  (of  which  he  is  a  member)  and  of  what  it  proposed  to  do 
in  matters  which  have  especial  interest  for  the  Association.  All 
inland  waters  in  Massachusetts  are  now  under  the  care  of  this 
Board,  and  no  plan  for  water-supply  or  for  sewage  disposal  can 
be  carried  out  without  first  being  submitted  to  the  Board  for 
approval.  The  Board  has  asked  for  an  appropriation  of  $30,- 
000,  and  proposes  to  expend  one-third  of  this  amount  in  having 
chemical  and  microscopical  examinations  of  some  2,000  differ- 
ent samples  of  water,  collected  from  all  over  the  State.  For 
one  year  samples  are  to  be  collected  monthly,  and  after  that 
time  semi-annually.  The  first  examination  will  have  especial 
importance,  as  furnishing   a  standard  for  future  comparisons. 

Mr.  Mills  concluded  by  asking  the  members  of  the  Associa- 
tion to  co-operate  with  the  State  Board  In  protecting  and  im- 
proving the  quality  of  the  inland  waters  of  the  State. 

Mr.  Mills'  remarks  were  followed  by  questions  and  discussion 
from  Messrs.  Tidd,  Fitzgerald,  Holden,  Rotch,  Darling  and 
President  Rogers. 

Prof.  George  F.  Swain,  of  the  Massachusetts  Institute  of 
Technology,  read  a  paper  upon  the  Influence  of  Forests  upon 
Rainfall,  which  will  be  published  in  the  Journal  of  the  Associa- 
tion. 

The  paper  was  briefly  discussed  bv  Desmond  Fitzgerald,  C. 
E.,  and  Commissioner  W.  H.  Hawes,  of  Fall  River. 

A  paper  by  Albert  F.  Noyes,  C.  E.,  of  Newton,  upon  Driven 
Wells,  was  postponed  until  the  next  meeting,  on  the  second 
Wednesday  in  March. 


Engineers'  Club  of  Philadelphia. 

A  REGUL.\R  meeting  was  held  at  the  Club  House  in  Pliiladel- 
phia,  January  22,  President  T.  M.  Cleeman  in  the  chair  ;  25 
members  and  I  visitor  present.  The  Secretary  presented,  for 
Mr.  Conway  B.  Hunt,  a  paper  on  Hydraulic  Dredging  Ma- 
chinery. 

This  paper  mentions  the  early  application  of  the  principle  of 
hydraulic  dredging,  that  is,  the  mixing  of  dredged  material 
with  water,  and  then  removing  the  mixture  by  suction  or  other- 
wise ;  and  after  referring  briefly  to  the  Roy,  Stone  and  Bowers 
dredges  as  typical  machines,  describes  in  detail  the  Von 
Schmidt  dredge.  Two  of  these  dredges  are  engaged  on  the 
improvement  of  the  Potomac  River  at  Washington,  D.  C, 
under  the  United  St.ates  Government.  In  conclusion,  it  is 
noted  thai  \\\r  (IcMirsand  details  of  hydraulic  dredging  ma- 
chines .m  ihi  salij,  ,  Is  of  numerous  patents,  and  their  most  effi- 
cient I  Miiilim.iii.Mi  m.iy  be  long  deferred.  The  large  number 
of  marhiiii  ■.  ili.ii  .ir.'  still  in  the  experimental  stage  of  develop- 
ment would  imlii  ale  that  the  best  results  attainable  from  this 
class  of  dredges  have  not  yet  been  accomplished. 

The  Secretary  presented,  for  Mr.  W.  E.  Hall,  a  paper  on 
Controlling  Expansion  in  Locomotives. 

Mr.  E.  S.  Hutchinson  described  the  Anderson  Process  of 
Water  Purification  on  a  Large  Scale,  as  given  by  the  inventor, 
and  as  in  use  in  several  European  cities.  The  water,  after 
settling,  is  forced  through  a  revolving  purifier,  which  consists, 
essentially,  of  a  wrought-iron  cylinder,  mounted  on  hollow 
trunnions,  serving  for  inlet  and  outlet  pipes.  The  curved 
ledges,  running  lengthwise  of  the  cylinder  on  the  inner  surface, 
scoop  up  andshower  down  through  the  current  of  water  fine 
borings  of  cast  iron.     Bv  the  combined  motions  of  the  cylinder 
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and  of  the  water  current,  every  purlion  of  the  water  is  brought 
into  contact  with  the  iron,  the  particles  of  which  are  kept  con- 
stantly bright  by  friction  a>;ainst  the  sides  of  the  cylinder, 
against  each  other  and  the  water. 

Prof.  L.  M.  Haupt  then,  by  request,  entered  upon  a  dis- 
■cussion  of  the  special  questions  involved  in  the  improvement 
of  New  York  harbor  and  of  the  proposed  government  work 
there. 

Prof.  Haupt  submitted  results  of  testsof  the  Tensile  Strength 
■of  Canvas  for  the  Club  Kt/enna  Book.  The  club  then  adjoined. 

A  regular  meeting  was  held  at  the  Club  House  in  Philadel- 
phia, February  5th,  President  T.  M.  Cleemann  in  the  chair; 
26  members  present. 

The  Secretary  presented,  for  Mr.  Morris  P.  Janney,  a  note 
upon  the  Differential  Gauge  as  used  at  Blast  Furnaces. 
The  appliance  was  devised  by  Messrs.  Taws  &  Hartman, 
•engineers.  Philadelphia,  for  the  detection  of  irregularities  in 
the  working  of  blast  furnaces  in  the  neighborhood  of  the 
tuyeres.  "The  lower  portion  of  a  blast  furnace,  where  the 
blast  enters,  is  called  the  crucible.  The  blast  passes  through, 
generally  from  three  to  seven,  and  sometimes  more,  tuyeres, 
which  arc  water-cooled  castings  placed  in  the  wall  of  the  fur- 
nace to  prevent  cutting.  Although  the  blast  is  supplied  to  these 
tuyeres  from  one  main,  the  air  does  not  enter  all  of  them  at 
«qual  velocity  at  all  times,  and  sometimes  stops  altogether  at 
■one  or  more  of  them  without  the  furnace-keeper  being  able  to 
tell  by  observation  whether  there  is  anything  wrong  or  not. 
When  the  blast  ceases  to  enter  a  tuyere  through  an  obstruc- 
tion coming  in  front  of  it,  or  the  nozzle  becoming  clogged,  it 
should  be  immediately  opened  by  mechanical  means  until  the 
blast  enters  again  at  the  maximum  velocity.  Until  the  intro- 
duction of  the  little  instrument  I  am  about  to  describe,  the 
trouble  was  to  tell  when  the  obstruction  was  removed  or  even 
existed  ;  as  a  tuyere  in  this  condition  will  frequently,  for 
hours,  appear  about  the  same  to  the  eye  as  a  good,  clear  one. 
Also,  if  the  blast  be  checked  for  any  considerable  time  at  one 
or  more  points,  the  rate  of  coal  consumption  diminishes  as 
the  volume  of  air  lessens,  causing  slower  descent  of  the  charge 
at  this  point,  and  either  forming  a  scaffold  or  giving  a  very 
good  opportunity  for  one  to  form  above  the  obstructed  tuy- 
eres, which,  in  the  large  majority  of  cases,  will  result  in  irregu- 
lar and  reduced  yield  of  iron,  and  possibly,  in  the  end,  perma- 
nent obstruction  of  the  whole  furnace.  The  instrument  con- 
sists simply  of  a  small  glass  U  tube,  or  its  equivalent,  filled  to 
proper  point  with  mercury.  This  gauge  differs  from  the  or- 
■dinary  blast  gauge  in  having  both  ends  connected  to  the  blast 
pipe  at  different  points,  instead  of  having  one  end  only  at- 
tached. Between  the  two  points  of  connection  there  is  a  slight 
obstruction  placed  in  the  blast  pipe  leading  to  each  tuyere,  so 
as  to  make  a  difference  in  the  pressure  at  the  two  points  of 
connection.  When  the  tuyere  is  clear,  the  difference  of  pres- 
sure is  greatest  and  the  mercury  in  gauge  stands  at  different 
levels  in  the  two  legs.  If  a  tuyere  becomes  obstructed  in  any 
way  there  is  less  and  less  difference  in  the  mercury  level,  un- 
til, if  the  obstruction  is  considerable,  it  becomes  level,  thus 
indicating  a  very  much  reduced  flow-  of  air  through  the  tuyere. 
Pipes  are  connected  with  each  tuyere  and  all  conveyed  to 
same  location  where  they  are  attached  to  separate  gauges,  and 
.all  the  keeper  has  to  do  is  to  glance  at  the  gauges,  when  they 
at  once  show  the  condition  of  the  nozzles  beyond  question. 
This  is  one  of  the  refinements  of  blast  furnacing,  and  the  de- 
velopment of  the  gauge  reflects  much  credit  on  the  makers.  It 
has  been  introduced  at  a  number  of  places,  giving  much  satis- 
faction." 

At  the  instance,  also,  of  Mr.  Janney,  attention  was  called  to 
the  recent  discussion  of  the  Effect  of  Saccharine  Matter  on 
Mortars. 

Prof.  L.  M.  Haupt  noted  the  Increased  Weight  of  Locomo- 
tive Engines,  as  Affecting  the  Strains  on  Railway  Bridges,  in- 
stancing the  dimensions  of  an  engine  recently  constructed  at 
the  Baldwin  Locomotive  Works,  which  weighs  148,000  lbs., 
134,000  lbs.  being  carried  on  the  10  driving-wheels.  The 
greatest  weight  on  one  pair  of  drivers  is  27,000  lbs.  The 
tender  weighs  82,000  lbs.,  and  the  live  load  of  the  engine  and 
tender  is  3,940  lbs.  per  foot. 

Prof.  Haupt  also  referred  to  two  recent  legisla 
of  interest  to  engineers  ;  the  Wheeler  bill   for  the 
of  the  earth's  crust,  and  progress  in  the  matter  of  rapid  transit 
for  Philadelphia. 

American  Society  of  Civil  Engineers. 

A  Regular  meeting  was  held  at  the  Society's  House  in  New 
York,  on  the  evening  of  February  2,  President  Worthen  in 
the  chair. 

Mr.  Dorsey's  paper  on  Irrigation  was  further  discussed.    Mr. 


George  G.  Anderson.  Chief  Engineer  of  the  Northern  Colo- 
rado Irrigation  Company  sent  a  written  discussion,  in  which  he 
dwelt  on  the  necessity  of  storage  reservoirs.  The  present 
duty  in  Colorado  was  5C  acres  per  cubic  foot  per  second.  The 
usual  allowance  of  50  percent,  for  loss  by  evaporation  and  seep- 
age was  excessive  with  tlvc  best  construction. 

Mr.  E.  E.  R.  Tratman"isul)mitted  some  notes  on  Irrigation 
in  Spain,  and  Mr.  A.  D.  Foote  noted  a  recent  Arizona  decision 
that  owners  of  irrigation  lands  have  inalienable  rights  to  water 
supply,  though  thev  have  no  ownership  in  the  <litch. 

The  Secretary  read  a  paper  by  Prof.  J.  A.  L.  Waddell  on 
Specifications  for  strength  of  Iron  Bridges.  The  paper  referred 
to  the  practice  of  working  out  strains  to  a  fine  point,  the 
precise  basis  for  which  was  little  better  than  guess  work.  He 
thought  a  few  empirical  rules  would  be  simpler  an<i  more  prac- 
ticable. He  also  referred  to  the  question  of  uniform  si)ecifica- 
tions  and  thought  that,  while  a  general  specification  might  be 
made  to  cover  ordinary  work,  special  specifications  should  be 
drawn  up  for  extraordinary  work,  such  as  cantilevers,  long 
spans  and  braced  piers. 

This  paper  was  discussed  by  Mr.Macdonald,  who  said  that  at  a 
recent  conference  the  manufacturers  were  able  to  agree  on 
standard  specifications,  but  the  engineers  would  not  give  up 
their  individual  ideas.  He  did  not  think  a  uniform  system  of 
specifications  possible  or  advisable. 

Mr.  Cooper  thought  that  the  manufacturers  were  not  proper 
parties  to  prepare  standard  specifications. 

President  Worthen  gave  some  reminiscences  of  the  manner 
in  which  some  of  the  old  Howe-truss  bridges  on  the  Boston 
\'  Albany  were  widened  for  double  track. 

In  response  to  a  suggestion  from  the  President,  it  was  de- 
cided that  all  regular  meetings  should  be  called  to  order  at 
20.15  o'clock  hereafter.     The  Society  then  adjourned. 

The  following  have  been  elected  members  :  David  A.  Max- 
well, St.  Stephen.  N.  B.;  Silvanus  Miller,  Jr.,  Hatfield.  Mass.; 
George  S.  Morrill,  Boston  ;  George  F.  Simpson,  John  Thomp- 
son, New  York.  Juniors  ;  George  H.  Leland.  Providence,  R. 
I.;  John  M.  Stewart,  Dobbs  Ferrv,  N.  Y.;  Arthur  S.  Tuttle. 
Brooklyn,  N.  Y. ;  Schuyler  S.  Wheeler,  New  York. 

At  the  regular  meeting  on  the  evening  of  February  16,  the 
death  of  Mr.  W.  W.  Wilson,  a  member  of  the  Society,  was 
announced,  and  the  usual  committee  to  prepare  a  memorial  was 
appointed. 

Mr.  Wm.  H.  Grant  then  read  a  paper  on  Calculation  of  the 
Mean  Horse  Power  of  a  Variable  Stream  and  the  Cost  of  Re- 
placing Power  Lost  by  a  Partial  Diversion  of  the  Flow.  This 
paper  was  based  on  investigations  made  to  determine  damages 
due  to  a  number  of  persons  on  account  of  the  partial  diversion 
of  the  flow  of  the  Bronx  River  as  a  water  supply  for  Kew  York 
City  ;  also  to  determine  the  cost  of  replacing  the  lost  water- 
power  by  steam-power. 

The  paper  was  discussed  by  Messrs.  Worthen,  Emery, 
North  and  Davis.  The  discussion  was,  however,  somewhat 
limited  by  the  fact  that  some  of  the  cases  are  still  before  the 
courts  to  determine  the  legal  questions  involved. 

The  Secretary  exhibited  some  fine  specimens  of  teredo 
varalis  sent  from  Pensacola  by  Mr.  Thorne. 

Engineers'  Club  of  St.  Louis. 

The  regular  meeting  of  this  Club  was  held  at  Washington 
University,  St.  Louis,  on  the  evening  of  February  2,  Vice- 
President'  Holman  in  the  chair  ;  23  members  and  7  visitors  pre- 
sent. 

A  number  of  applications  for  membership  were  received  and 
referred.  Messrs.  Arthur  J.  Firth,  Charles  H.  Ledlie  and 
Edward  K.  Woodward  were  elected  members.  Mr.  R.  S. 
Hays  resigned  on  account  of  removal  from  the  city. 

Mr.  J.  k.  Seddon  then  read  a  paper  on  Efficiency  of  Cable 
Roads  ;  its  Variation  with  Length  of  Cable  and  other  Elements 
of  the  Construction.  Mr.  Seddon  called  attention  to  the  lack 
of  reliable  data  on  the  subject,  and  the  difficulty  of  ascer- 
taining  results  reached  by  roads  now  in  operation  The  paper 
gave  a  thorough  analytical  and  practical  discussion  of  the  sub- 
ject and  was  of  decided  value.  Mr.  Seddon  gave  some  re- 
sults of  recent  tests  on  the  St.  Louis  Cable  road,  but  stated 
that  the  trials  were  not  yet  complete.  The  paper  was  discussed 
by  Messrs.  Johnson,  Nipher,  Adams,  Bruner  and  Bryan. 

It  was  voted  that  Dr.  Adams'  paper  on  Dynamo  Electric 
Machinery  be  made  the  special  order  for  the  meeting  of  Feb- 
ruary 16. 

Professor  Nipher  exhibited  a  piece  of  apparatus  he  had  de- 
vised for  determining  losses  in  the  magnetic  fields  of  dyna- 
mos. 

The  Club  then  adjourned. 
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This  Club  met  in  St.  Louis,  February  16,  President  Potter  in 
the  chair  ;  18  members  and  3  visitors  present.  Messrs.  H.  B. 
Gale,  Otto  Schmitz  and  Arthur  Thacher  were  elected  members. 
Several  applications  for  membership  were  announced  and  re- 
ferred. 

The  Secretary  read  a  letter  from  Mary  G.  Smith  acknowl- 
edfjinu  the  receipt  of  the  Club's  testimonial  to  the  late  C. 
Shalcr  Smith. 

The  Secretary  also  read  a  communication  from  Jno.  W. 
Weslon,  Commissioner-General  for  the  United  States  for  the 
Paris  Railway  E.xposition  and  Jubilee,  on  the  desirability  of 
the  Club  beii'iK  represented  in  some  way.  The  matter  was  re- 
ferred to  the  E.xecutive  Committee. 

Dr.  Wellington  Adam-;  itun  ri-,ul  a  paper  on  Design  and 
Construction  of  Dymitno  i:i.  ,  nr  M.i.  hinery,  which  was  illus- 
trated by  diagrams  ami  >  I il    iii'aratus.     The  subject  was 

handled  in  a  thorough  in.uiii.  1 ,  .m.l  ,1  mimher  of  formula;  were 
given  showing  how  the  elln-ii-in.)  !■!  any  dynamo  could  be  cal- 
culated. It  was  shown  that  these  formuhe  held  the  same  rela- 
tion to  the  dynamo  machine  that  the  indicator  card  does  to  the 
steam  engine.  The  paper  was  discussed  by  Messrs.  Gale, 
Nipher  and  Seddon. 

The  President  announced  the  subject  for  the  paper  for  the 
next  meeting  to  be  Present  Aspect  of  the  Problem  of  the  Inter- 
(Iccanic  Ship  Transfer,  bv  Robert   Moore.     The  Club  then  ad- 


Illinois  Society  of  Engineers  and  Surveyors. 

The  Illinois  Society  of  Engineers  and  Surveyors  held  its 
second  annual  meeting  at  the  State  University  at  Urbana,  111., 
beginning  January  26th,  with  a  large  attendance. 

Vic-'-President  T.  J.  BurriU  delivered  the  address  of  wel- 
come in  behalf  of  the  University,  and  responded  to  by  C.  G. 
Elliott,  Chairman  of  the  Executive  Board,  on  behalf  of  the 
Society.  Next  came  the  address  of  the  President,  Professor 
I.  O.  Baker,  of  the  civil  engineering  department  of  the  Uni- 
versity. The  address  was  confined  to  a  short  review  of  the 
advances  made  in  the  different  departments  of  civil  engineer- 
ing throughout  the  civilized  woild,  but  more  particularly  in 
the  United  States,  during  the  past  year.  It  was  highly  inter- 
esting and  closely  listened  to  by  his  audience. 

After  the  President's  address  reports  of  committees  were 
heard  and  the  following  elected  members;  John  R.  Lewis, 
Piper  City  ;  Samuel  S  Greely,  Chicago  :  Daniel  W.  Mead, 
Rockford  ;  Fletcher  II.  Chapman.  Carlinville  ;  Thomas  S. 
McClahan.  Monmouth  ;  George  V.  Loring,  City  Engineer, 
Decatur  ;  Jacob  J.  Foster,  County  Surveyor  of  Cook  County, 
Chicago  ;  Frank  V.  Alkire,  Petersburg. 

At  the  evening  session  the  first  report  was  that  of  the  Com- 
mittee on  Sanitary  Engineering  and; Water  .Supply,  by  Pro- 
fessor A.  A.  Talbot,  Champaign.  The  different  kinds  of 
systems  of  water  works  was  discussed  at  length,  and  the  faulty 
construction  of  stand-pipes  exposed. 

S.  A.  HuUard,  City  Engineer  of  Springfield,  read  a  paper  on 
Combined  versus  Separate  System  of  Sewerage  for  Small  Cities. 
The  combined  system  is  that  in  which  one  system  of  pipes  is 
used,  while  the  separate  system  is  that  in  which  two  systems 
of  pipes  are  used — one  to  carry  off  storm,  surface  and  cellar 
water,  and  another  to  carry  off  refuse  from  dwellings.  The 
benefits  and  advantages  of  both  systems  were  discussed  at 
some  length.  In  regard  to  sewer  ventilation  it  was  found  that 
in  some  cities  in  the  Slate,  street  openings  were  found  the 
best,  while  in  others  manholes  were  the  most  satisfactory. 

Samuel  S.  Greely,  of  Chicago,  read  an  interesting  paper  on 
the  License  System  for  Surveyors.  He  contended  that  as  the 
law  is  now  the  private  surveyor  had  the  advantage  of  the 
county  surveyor,  because  he  has  the  same  advantages  and  not 
the  drawbacks  of  the  latter.  He  argued  that  the  State  should 
license  engineers  and  surveyors,  the  same  as  physicians  and 
lawyers.  In  the  discussion  that  followed,  it  was  agreed  that 
surveyors  and  civil  engineers  should  be  entitled  to  the  fees  of 
experts  when  compelled  to  atiend  court. 

On  the  second  day  a  number  of  papers  of  much  interest  were 
read.  Prof.  D.  O.  Baker,  of  the  University  of  Illinois,  deliv- 
ered  an  illustrated  lecture  on  Bridges.  Prof.  Theo.  B.  Com- 
stock,  apaper  on  Natural  Gas  and  Oil  in  Illinois,  which  elicited 
great  interest,  and  much  information  on  that  subject  was 
gathered  from  various  members  in  the  discussion  which  fol- 
lowed. 

Other  papers  read  were  :  Pavements  for  Small  Cities,  by 
George  F.  Wightman.  Ciiv  Engineer.  Peoria;  Water  Supply 
for  Small  Cities,  by  K  R.  Croswell,  City  Engineer,  Kankakee; 
R.iilroad  Trestles,  by  E.  A.  Hill,  Chief  Engineer,  Indianapolis, 
Decatur  ^^-  Springfield  Railroad. 

The  following  officers  were  chosen  :    President.  1.  O.  Baker. 


Champaign;  Vice-President,  J.  T.  Foster.  Chicago;  Execu- 
tive Secretary,  A.  N.Talbot,  Champaign;  Recording  Secre- 
tary, S.  A.  Bullard,  Springfield;  Treasurer,  (i.  P.  Ela,  Bloom- 
ing'ton. 

The  Society  adjourned  in  the  evening,  alter  a  very  success- 
ful meeting. 

The  Master  Car-Builders'  Club. 

A  MKKTl.Ni;  of  the  Club  was  held  in  the  rooms,  113  Liberty 
Street,  New  York,  on  February  17.  Mr.  C.  E.  Garey  called  the 
meeting  to  order.  Action  <m  the  change  of  name  and  organi- 
zation was  postponed.  The  subject  on  discussion  was  the 
lighting  and  heating  of  cars.  Mr.  Baker  was  called  on  and 
said  his  heater  had  warmed  a  million  of  people.  He  claimed 
to  have  been  the  first  one  who  suspended  a  stove  below  the 
car.  His  company  was  engaged  in  perfecting  a  heater 
which  should  be  protected  in  case  of  collision.  He  said  he  had 
offered  Mr.  Depew  to  equip  a  train  of  cars  with  safety  heaters 
and  then  have  a  collision.  In  case  the  heaters  set  fire  to  the 
car  their  company  would  pay  the  costs. 

Mr.  Creamer  said  that  the  newspapers  insisted  that  cars 
should  be  heated  from  the  engine.  He  thought  that  a  stove  or 
heater  could  be  made  safe.  He  inquired  whether  all  the  other 
elements  of  safety  were  attended  to.  Were  the  baggage-car 
stoves  safe  ?  He  thought  that  the  fires  generally  originated  in 
the  baggage,  mail  and  express  cars.  If  steam  heat  is  used  he 
would  place  a  coil  of  pipe  at  the  end  of  the  car,  and  introduce  a 
current  of  air  over  the  pipes  and  warm  the  air. 

Mr.  Smith,  of  Dunkirk,  N.  Y.,  representing  the  Martin 
Heater,  said  all  stoves  in  cars  are  dangerous.  If  the  fire  was 
inclosed  in  a  Krupp  gun  the  fire  would  be  heard  from  in  case  of 
collision.  He  advocated  the  removal  of  the  stoves  from  the 
cars,  lie  represented  a  company  which  had  trains  on  the 
Boston  \'  .Albany  and  a  number  of  other  roads,  some  of  which 
had  been  in  service  for  three  years.  The  system  takes  steam 
from  the   locomotive,  and  the  pressure  is  reduced. 

Mr.  Emerson  spoke  in  favor  of  his  system  of  heating. 

Mr.  Hopkins  said  that  the  use  of  steam  prevented  entirely 
the  danger  from  fires  and  this  pari  w.is  vi-yy  important. 

Mr.  Gold,  of  New  York,  said  Ins  sxsi,  m  «;is  in  use  in  i)ix) 
cars  on  various  roads.  He  dcsc  ril.. -1  Ins  s\siem,  which  con- 
sists of  a  receptacle  for  water,  wliii  h  is  lu  .iicd  by  a  steam-pipe 
which  passes  through  the  water.  By  this  means  the  heat  is 
stored  in  the  water.  Mr.  Bernstein,  who  represented  Mr. 
Cline,  exhibited  a  heater  in  which  he  used  a  fuel  that  he  said 
would  not  set  fire  to  anything.  A  member  put  some  of  the 
burning  fuel  in  a  newspaper  which  was  set  on  fire  by  a  gentle 
breeze. 

Mr.  Owens  exhibited  one  of  his  heaters,  which  is  made  of 
boiler-plate,  with  a  coil  of  pipe  inside.  Several  other  methods 
of  healing  were   described,  hut   nothing   new  or   imporlanl  was 


New  England  Railroad  Club. 

The  regular  mmuhly  meeting  c)f  this  Club  was  held  at  its 
rooms  in  the  Boston  t^  Albany  passenger  station  in  Boston  on 
the  evening  of  Wednesday,  Feb.  g.  President  J.  W.  Marden 
occupied  the  chair,  and  there  was  a  large  attendance,  about  160 
persons  being  present,  including  many  prominent  railroad  offi- 
cers. 

After  the  meeting  had  been  called  to  order  a  committee  was 
appointed  to  nominate  ofl5cers  to  be  voted  tor  at  ihe  annual 
meeting  in  .March. 

The  regular  order— the  Healing  and  Lighting  of  Cars  in  Pas- 
senger Service— was  tlu-n  taken  up. 

Mr.  A.  A.  F.ils..ni  1  Boston  \-  Providence)  asked  for  p:'rticu- 
lars  ill  rrlaiiiin  In  a  recent  accident  on  the  Fitchburg  road 

President  Marden  (Fitchburg)  gave  an  account  of  the  accident 
referred  to.  in  which  two  passenger  cars  and  a  sleeping  car  were 
overturned,  but  the  heaters  in  the  cars  were  not  injured  and  the- 
cars  did  not  take  fire. 

Mr.  J.  N.  Lauder  (Old  Colony) said  that,  in  view  of  the  recent 
terrible  accident  in  Vermont,  the  railroad  members  of  tliL>  Club, 
at  least,  ought  to  approach  the  subject  of  heating  cars  v,  ith  the 
greatest  care,  and  be  prepared  to  thrdvv  over  their  preconceived 
notions  if  necessary.  He  was  still  of  the  opinion  that  cars  have, 
for  years  to  come,  got  to  be  heated  individually,  and  the  ques- 
tion is  how  to  do  it  safely.  He  was  free  to  admit  that  trains 
can  be  heated  by  a  continuous  system  from  the  engine,  but  there 
are  many  difficijlties  in  the  way  of  its  general  adoption  for  all 
roads  and  all  trains.  He  thought  that  the  hot-water  heating  sys- 
tem is  the  only  one  vet  proved  to  be  a  success,  and  one  way  of 
making  it  sale  is  to  encl.)se  the  heater  in  a  sn-el  box.  which    will 
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n<ii  lei  the  fire  out  into  the  car  in  case  of  derailment.  The  cost, 
he  believed,  would  not  stand  in  the  way  of  its  adoption  by  any 
railroad. 

President  Marden  said  that  public  opinion,  as  e.\prcssed  in 
the  newspapers  and  elsewhere,  was  evidently  in  favor  of  sonu- 
system  of  heatins  by  means  of  steam  from  the  locomotive,  and 
he  would  like  to  hear  from  jjenllemen  present  some  opinions  on 
this  (|uestion. 

Mr.  F.  D.  Adams  (Boston  &  Albany)  said  that  he  was  still  a 
believer  that  steam  heat  is  the  comins  heat.  It  is  true  there  are 
some  difficulties,  but  he  thought  they  were  not  insurmountable. 
He  believed  the  officers  of  his  road  were  satisfied  they  have  got  to 
heat  their  cars  with  steam  from  the  locomotive  for  both  safety  and 
economy.  The  success  of  the  Martin  heater  has  been  such  that 
they  had  no  general  fault  to  find,  and  he  thought  that  before  the 
winter  had  gone  another  train  will  be  ec|uipped.  The  train  now 
equipped  has  not  lost  a  trip,  and  that  cannot  be  said  of  some 
other  heaters,  for  they  are  frequently  in  the  shop  for  repairs  of 
the  pipes.  Steam  heating  is  being  put  in  almost  all  buildings, 
and  the  stations  at  all  points  can  easily  be  equipped  with  steam- 
heating  apparatus  and  a  pipe  be  run  from  it  to  heat  cars  before  be- 
ing attached  to  the  engine.  Mr.  Adams  told  about  the  success  in 
warming  the  cars  in  the  coldest  weather  of  the  past  month  He 
.said  Mr.  Lauder's  plan  was  feasible,  but  he  did  not  approve  it 
because  he  thought  >f  am  is  the  coming  heat.  He  thought  that 
five  years  henci-  a  :  -I  ni,iii\  h.iins,  in  New  England  ;it  least, 
will  be  heated  uii'  1  '  ili^-  time  is   coming  when   it  will 

be  as  universal  .1^  \'     -    n:      ■u'.e  brake 

Mr.  Robert  Mil'  ■  ..Miln-in  Central)  said  he  thought  that 
steam-heat  apparatus  would  have  to  be  put  in  at  terminal  stations 
to  heat  the  cars  before  they  started  out.  In  case  the  train  was 
snow-bound  and  the  engine  fire  gone  out  he  thought  a  supple- 
mentary heater  in  the  cars  would  have  to  be  provided.  He 
thought,  perhaps,  there  is  ,l^  nun  h  -Iihl;  r  from  lighting  as  from 
heating,  and  both  shouUII'    .  1      inst. 

Mr.  J.  T.  Woodward  ( I'-::  'I        u.is  invited   to   explain 

the  Sewell  heater,  a  systLin  "I  :  i^am  huatiug  from  the  locomo- 
tive now  on  trial  on  the  Maine  Central  road.  He  said  that  a 
car  of  the  present  style  is  really  as  perfect  a  man-trap,  in  case  of 
collision,  as  could  well  be  devised.  The  passengers  sit  with 
their  feet  under  the  seats,  which  slide  together  in  case  of  col- 
lision, pinning  them  down;  and,  the  heaters  breaking,  let  their 
fire  out  among  the  upholstery,  which  is  thoroughly  dried  and 
prepared  for  rapid  combustion.  He  then  described  the  Sewell 
system  in  general  terms. 

Mr.  Sewell,  the  inventor  of  the  heater,  followed  by  describing 
its  mechanical  construction.  Steam  is  taken  from  the  engine, 
both  exhaust  and  direct,  through  a  peculiar  patent  coupling  in  the 
tenter  of  the  car.  The  piping  is  along  the  side  of  the  car  instead 
of  having  convolutions  of  pipes  under  the  seats.  In  the  aisle  of 
the  car  is  a  simple  valve  for  turning  on  the  heat.  Steam  is 
taken  at  a  very  low  pressure,  and  the  cars  are  kept  at  a  tempera- 
ture of  70  or  more.  A  hot-water  well  under  the  car  is  provided 
for  superfluous  water,  and  a  provision  is  made  for  heating  it  by 
a  grate  beneath.  [Mr.  Sewell  here  exhibited  his  patent  coupling, 
used  to  connect  the  pipes  in  different  cars.]  Cars  equipped  with 
the  Sewell  heater  would  not  couple  with  the  Martin  system,  but 
if  the  same  coupling  was  used,  which  could  readily  be  done,  the 
two  systems  could  be  run  together.  Mr.  Sewell  stated  that  the 
heater  had  been  in  operation  since  1S80,  though  he  had  been  at 
work  perfecting  it  from  that  time  to  the  present.  The  pipes 
used  are  \^  or  1%  inch,  three  of  them  on  each  side  of  the  car. 

Mr.  R.  H.  P.lackall  (Delaware  &  Hudson  Canal  Company) 
said  that  li  -  lil';  1  ■!  -ay  what  difficulties  would  stand  in  the 
way  of  la'     ._  ,'       !    Ill  the  locomotive  on  his  road. 

Mr.  C7.  II  1 1  -  1 '' "\idence  &  Worcester)  said  that  he  could 
see  no  nil  ■  i  •  -  ;-  ■  li  iimghis  cars  with  steam  from  the  engine, 
though  if  his  road  cnnnected  with  other  roads  he  should  want  to 
know  if  the  other  road  was  to  put  it  on  before  he  did. 

Mr.  Robert  Johnson  (inventor  of  the  Johnson  heater)  read 
recommendations  showing  that  his  heater  furnishes  abundant 
heat  in  the  coldest  weather.  He  said  that,  as  regards  safety, 
his  heaters  have  been  in  several  accidents  and  the  fire  has  been 
immediatelv  extinguished. 

Mr.  R.  B.  Owen  (Detroit,  Mich.)  explained  the  manner  in 
which  the  Smith  &  Owen  Heater  Company  guards  its  heaters 
from  all  danger  of  setting  ihe  cars  on  fire.  The  heater  consists 
of  a  steel  boiler  made  of  plates  %  inch  thick,  and  surrounded  by 
a  water-space  \%  inch  wide;  the  boiler  is  bolted  firmly  to  the 
floor  ;  the  doors  to  the  fire-box  and  the  ash-box  are  protected  by 
a  sliding  steel  sheet,  securely  fastened.  The  steel  boiler  is  as 
strong  as  any  locomotive  boiler,  and  would  not  be  broken  by 
collision. 

Mr.  Adams  said  it  was  evident  from  what  had  been  presented 
that  steam  heating  is  practicable,  and  he  was  more  firmly  con- 
vinced than  he  ever  was  before  that  steam  is  the  coming  heat. 

Mr.    Edward    E.    Gold  (New   York)  described  his  svstem  of 


steam  healing,  which  is  in  use  on  the  elevated  railroads  in  New 
York.  He  said  his  system  is  substantially  Ihe  same  as  those 
described  by  others,  except  in  the  method  of  storing  the  heat. 
He  uses  two  pipes,  one  within  the  other;  the  outer  one  is  4 
inches  in  diameter  and  the  inner  3>^  inches.  The  inner  pipe  is 
filled  with  hot  water,  which  is  heated  by  the  steam  at  the  same 
time  the  car  is  heated.  The  car  can  be  kept  heated  from  five 
to  seven  hours  after  being Bbtached. 

Mr.  J.N.  Lauder  said  that  any  system  of  steam  heating,  to  be 
udaplid  to  the  use  nf  ihi-  railroads  running  into  Boston,  must  be 

\li.  W  a.  (1,1:11  ^1..,.  l'i...i.Wnre,  Warren  &  Bristol)  said 
1 1 1. 1 1  il"  \  liaii  \\\-\  ■  .|iii|.|.  -I  ,.  11 .1111  with  the  Gold  system,  having 
ck.  111.  .i  'ill  ihai  s\si,  III  lir,  aiisr  c,f  its  capacity  for  storing  heat. 
He  promised  to  Icll  the  Club  at  its  next  meeting  how  that  sys- 
tem had  worked. 

Mr.  Peck  explained  a  casing  of  boiler  iron  which  had  been  in- 
vented to  put  over  any  heater  in  a  car,  and  which  works  auto- 
matically.     He  also  exhibited  a  model  of  the  invention. 

Mr.  Baker  (inventor  of  the  well-known  Baker  heater)  de- 
scribed his  heater  and  claimed  that  the  system  of  heating  with 
steam  from  the  engine  is  only  suitable  ff)r  short  roads  or  runs. 

On  account  of  the  length  of  the  discussion  on  the  heating 
question,  the  second  branch  of  the  subject — Lighting — was  post- 
poned until  the  March  meeting,  and  the  Club  adjourned. 

The  next  regular  meeting,  which  will  be  held  at  the  usual 
place  on  Wednesday,  March  9,  will  be  the  annual  meeting,  at 
which  the  reports  of  officers  will  be  presented,  and  officers  will 
be  elected  for  the  ensuing  year.  After  this  routine  business  has 
been  transacted,  the  subject  of  Lighting  Passenger  Cars  will  be 
discussed. 


The  Master  Car-Builders'  Brake  Committee. 

A  MEETING  of  the  M.  C.  B.  Committee  nn  Freight  Train 
Brakes  was  held  at  the  Hotel  Anderson  in  Pittsburgh,  Febru- 
ary g.  The  meeting,  as  previously  announced,  was  held  to  de- 
I  termine  the  rules  and  conditions  governing  the  brake  tests  to 
beheld  at  Burlington,  la.,  prior  to  the  Master  Car-Builders' 
convention  in  June  next. 

The  Committee  first  held  a  private  meeting,  after  which  a 
joint  lueeting  was  held  of  the  members  of  the  Committee  and 
the  representives  of  the  brake  companies.  At  the  joint  meet- 
ing the  rules  prepared  by  the  Committee  were  submitted,  fully 
discussed  and  finally  agreed  upon. 

There  were  present   at  the  meeting   Messrs.  G.    W.  Rhodes, 
Chairman,   J.    S.    Lentz     and   D.     H.     Neale,     of    the     Com- 
mittee,   and     the     following    representives    of    the    different 
brake  companies  that  propose   taking  part  in  the  tests  :  Ameri- 
can Brake,  Geo.  H.  Poor  ;  Carpenter  Air  Brake  and  Carpenter 
Electric  Brake,    Thomas   Prosser,  Jr.;   Eames  Vacuum  Brake, 
Jas.  H.  Slade  and    N.  W.  Howson  ;   Hanscom    Automatic   Air 
;     Brake,  W.  W.  Hanscom  ;   Park  Electric  Brake.  H.  S.  Park  and 
I     W.  Sherman  ;   Rote    Brake,  C.    K.  Harding  ;   Waldumer   Elec- 
i    trie  Brake,  L.    W.  Goss  ;  Westinghouse   Brake,  T.    W.  Welsh, 
S.  H.  Sprague,  Levi  W. Close  and  F.  .Moore  ;  Widdifield  &  But- 
ton Brake,  W.  D.  Widdifield  ;  Ward  Brake,  W.  H.  Ward.      Mr. 
F.  S.  Wood  acted  as  Secretary. 

It  was  decided  that  the  tests  at  Burlington  should  begin  on 
May  9,  instead  of  in  April.    The  tests 


ade  are  as  follows  ; 


TESTS. 


1.  Fifty  empty-car  trains  making  4  emergency  stops  ;  first, 
20  miles  per  hour  on  a  level  ;  second,  40  miles  per  hour  on  a 
level  ;  third,  20  miles  per  hour  on  53-foot  grade  ;  fourth,  40 
miles  per  hour  on  same  grade. 

2.  Fifty  mixed-car  trains,  two-thirds  of  the  cars  loaded,  one- 
third  empty,  75  per  cent,  of  the  latter  being  in  front  half  train  ; 
first,  second  and  third  stops  as  above,  fourth  stop  on  grade  at 
30  miles  per  hour. 

3.  Fifty  mixed-car  trains  with  hand  brakes  and  engine  and 
tender  automatic  brakes  ;  four  emergency  stops  ;  first,  on  a  level 
at  20  miles  per  hour  ;  second,  at  30  miles  per  hour  on  a  level  ; 
third,  at  20  miles  per  hour  on  53-foot  grade  ;  and  fourth,  at  30 
miles  per  hour  on  same  grade. 

4.  Train  of  50  mixed  cars  to  be  let  down  a  53-foot  grade  3 
miles  long  ;  speed  20  miles  per  hour  at  top  of  grade  to  be  re- 
duced to  15  miles  per  hour  as  soon  as  practicable  and  main- 
tained without  material  variation  to  the  foot  of  the  grade. 

5.  One  or  more  runs  over  the  course  to  be  made  with  trains 
having  brake  shoes  >^  to  ^  in.  off  the  wheels  before  the 
brakes  are  applied. 

6.  Fifty  mixed-car  trains  ;  tests  on  the  level  ;  trains  to  be 
broken  into  two  or  more  unequal  parts,  speed  30  and  20  miles 
per  hour  ;  after  the  train  is  broken  any  assistance  will  be  ren- 
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dered  only  by  a  brakeman,  who  shall  be  riding  at  the  rear  of 
the  train  or  on  the  engine  when  the  breakaway  occurs. 

7.  Train  resistance  test  ;  fifty-car  mixed  trains,  first  to  pass 
No.  I  stop  post  at  20  miles  per  hour,  letting  the  train  drift  to 
a  stop,  no  brakes  being  applied  ;  second,  to  pass  No.  3  post  at 
5  miles  per  hour,  letting  train  drift  until  No.  4  post  is  passed, 
at  which  point  the  accelerated  speed  shall  be  recorded  and  the 
train  stopped. 

THE    RULES. 

The  rules  as  adopted  are  given  below  . 

1.  Each  brake  company  will  provide  its  own  engine  ;  such  as 
do  not  wish  to  furnish  a  special  crew  will  be  furnished  from 
working  crews  of  Chicago,  Burlington  &  Quincy  Railroad. 
Ordinary  eight-wheel,  four  wheels  coupled  engines  must  be 
employed  ;  each  engine  must  have  17  X  24  inch  cylinders  and 
not  less  than  51,000  lbs.  on  the  drivers  ;  both  tender  trucks 
must  be  provided  with  brakes  and  c?.st-iron  shoes  ;  plain 
wrought-iron  shoes  to  be  used  on  the  drivers.  Each  brake 
company  to  have  the  option  of  using  its  own  or  such  other 
engine  brake  as  it  can  procure. 

2.  Each  brake  company  will  furnish,  fitted  with  its  brake, 
50  bo,K  cars  of  40,000  lbs.  capacity  or  over,  and  34  feet  long 
being  preferred.  Each  car  to  be  equipped  with  brakes  on  both 
trucks  and  plain  cast-iron  shoes.  The  cars  to  be  delivered  to 
the  Committee,  free  of  charge,  at  some  point  on  the  Chicago, 
Burlington  &  Quincy  Railroad  on  or  before  May  2.  After  the 
trial  the  cars  will  be  returned  to  the  owners  at  the  points  of 
delivery. 

3.  The  Chicago,  Burlington  &  Quincy  Railroad  will  not  be 
held  responsible  for  mileage  of  cars  while  on  its  lines  or  for 
any  damage  to  the  cars  that  may  occur  through  the  inefficiency 
of  the  brakes. 

4.  Close  couplings  are  recommended,  and  companies  i4sing 
link  and  pin  couplers  must  be  provided  with  wedges  to  take 
up  slack.  Half  the  stops  will  be  made  with  close  couplings 
and  half  with  slack,  should  any  of  the  brake  companies  so  elect. 

5.  In  operating  brakes  they  must  be  applied  and  released  by 
the  engineman  only,  e.vcept  as  specially  provided  for  in  test 
No.  6,  special  tests. 

6.  Three  runs  over  the  course  will  be  made  with  tests  one, 
two  and  four.  Two  runs  will  be  made  with  test  number  six, 
and  one  run  with  tests  numbers  three,  five  and  seven. 

7.  Sand  must  not  be  used  on  any  of  the  stops  except  with  the 
special  permission  of  the  Committee. 

8.  The  leverage  of  the  brakes  will  be  recorded  by  the  Com- 
mittee, and  none  of  the  apparatus  must  be  changed  at  any  time 
during  the  trials,  except  as  previously  provided. 

9.  With  continuous  brakes  the  pressures  carried  on  the  en- 
gine prior  to  the  application  of  the  brakes  will  be  recorded  for 
each  test. 

10.  All  tests  to  be  made  under  like  conditions  of  rail,  grade, 
etc.,  as  near  as  possible. 

11.  A  dynamometer  car  will  be  placed  in  the  front  end  of  each 
train  with  complete  recording  mechanism.  In  the  middle  box- 
car of  each  train  a  portable  apparatus  will  be  placed  for  re- 
cording diagrams,  showing,  first,  a  strain  line  in  pounds  e.xerted 
on  the  brake  lever  during  the  stops  ;  and,  second,  a  speed  line 
in  miles  per  hour  during  each  stop.  An  electrical  signal  will 
be  arranged  for  communication  between  the  front  and  rear  ends 
of  the  train. 

12.  Competitors  will  be  subjected  to  all  the  general  tests  ; 
special  tests  will  be  optional. 

13.  The  rapidity  with  which  the  train  gets  away  after  a  stop 
will  be  noted,  the  time  being  taken  from  stop  to  start.  In 
case  breakages  or  causes  foreign  to  the  brake  interfere  with 
getting  away,  the  record  will  be  thrown  out. 

14.  The  parts  pertaining  to  each  brake,  other  than  the  foun- 
dation brake,  hose  and  diaphragms,  will  be  painted  a  red-lead 
color. 

15.  Each  brake  company  will  use  its  appliances  in  the  man- 
ner it  shall  consider  best,  provided  that  in  the  opinion  of  the 
Committee  such  methods  are  safe  and  practicable  in  ordinary 
working. 

16.  The  Committee  reserves  the  privilege  of  adding  such 
tests  as  in  its  judgment  may  be  deemed  desirable. 

17.  Three  or  more  competitors  will  be  required  before  the 
tests  will  be  entered  into.  Any  competitor  desiring  to  enter 
the  tests  should  communicate  with  the  Chairman  on  or  before 
April  t. 

18.  The  Committee  are  not  in  a  position  to  furnish  equip- 
ment for  these  tests,  but  regards  the  subject  of  great  interest 
to  railroads  and  trust  they  will  contribute  to  its  success  by 
furnishing  engines  and  cars  to  the  competing  brake  companies 
and  affording  them  any  other  reasonable  facilities. 

The  shocks  during  the  stops  will  be  measured  by  the  move- 
ment of  the  ■'  slidometer."  a  16  lbs.  turned  iron  weight  free  to 


slide  in  a  planed  pine  trough  placed  horizontally  in  the  way 
car  at  the  rear  of  the  train.  A  movement  of  more  than. 
12  inches  will  be  considered  objectionable,  as  indicating  a 
shock  violent  enough  to  injure  stock. 

Tests  6  and  7,  which  relate  to  trains  breaking  away  and  the 
frictional  resistance  of  the  cars,  are  special  tests,  and  are- 
therefore  optional. 


National  Electric  Light  Association. 

Thk  annual  meeting  of  this  Association  began  in  Philadel- 
phia, February  15,  with  about  100  members  present. 

The  meeting  was  called  to  order  by  President  J.  Frank 
Morrison,  who  made  an  address  reviewing  the  work  done  in 
electric  lighting  during  the  past  year.  Brief  addresses  were 
made  by  Mr.  Thomas  Dolan  and  Col.  A.  Loudon  Snowden. 

After  routine  business  had  been  disposed  of.  the  Committee 
on  Standard  Gauge  reported,  through  A.  V.  Garratt,  of  Bos- 
ton, in  favor  of  rejecting  the  British  standard  and  establishing 
a  new  gauge  to  be  called  the  National  Electric  Gauge.  Mr.  C. 
C.  Haskins,  of  Chicago,  then  read  a  paper  on  High  Insulation. 
At  the  evening  session  Prof.  E.  R.  Weeks,  of  Kansas  City, 
read  a  paper  on  Popular  Prejudice  Against  Electric  Light 
Wires,  and  a  commission  of  five,  consisting  of  Prof.  Hous- 
ton, M.  M.  Garver,  Prof.  Marx,  Reuben  T.  Robinson  and  C. 
Herring,  was  appointed  to  investigate  the  best  system  of  insu- 
lation for  electric-light  wires. 

On  the  second  day,  Mr.  Stuart,  of  the  Legal  Committee, 
presented  a  paper  on  Irregularities  in  Decisions  of  the  Patent 
Office,  accompanying  it  with  a  bill  which  he  urged  should  be 
presented  to  the  next  session  of  Congress.  It  was  called  for 
by  the  want  of  uniformity  in  the  decisions  which  emanate  from 
time  to  time  from  the  respective  Commissioners  of  Patents, 
and  which  ought  to  be  corrected.  The  bill  provides  for  a  Com- 
mission of  three,  to  be  appointed  by  the  President  of  the 
United  States,  which  Commission  shall  examine  the  present 
patent,  trademark  and  copyright  laws  of  the  United  States  and! 
those  of  other  countries,  and  shall  formulate  a  report  to  be 
presented  to  Congress  setting  forth  the  results  of  the  investiga- 
tion and  the  conclusions  of  the  Commission,  together  with  aa 
act  providing  for  such  changes  as  may  be  found  necessary. 

Later  on  in  the  session  a  resolution  was  adopted  referring 
the  matter  to  a  committee  of  five  to  present  the  bill  to  Con- 
gress. 

J.  H.  Shay,  of  Chicago,  presented  a  paper  on  Transmission 
of  Power  by  Belting,  in  which  he  stated  that  for  electric-light 
machinery  it  was  desirable  to  use  evenly-matched  belting  of 
uniform  thickness. 

The  subject  of  Electric  Motors  was  discussed  in  a  paper 
read  by  W.  H.  Baxter,  Jr.,  of  Baltimore.  This  paper  was  dis- 
cussed at  length  by  F.  J.  Sprague,  of  New  York,  and  Prof. 
Houston,  of  Philadelphia. 

A  communication  from  the  Electric  Club  of  New  York  was- 
read,  urging  the  appointment  of  a  committee  by  the  National 
Association  to  cooperate  with  a  similar  committee  from  the 
Club  in  considering  the  question  of  uniform  rules  and  regula- 
tions for  governing  the  installation  of  electric-light  plants. 
The  latter  was  referred  to  the  Committee  on  Insulation. 

A.  F.  Upton,  of  Boston,  presented  a  paper  on  Plans  for 
Electric  Light  and  Power  Stations,  in  which  he  gave  practical 
hints  on  equipment  and  the  furnishing  of  plants,  dwelling 
particularly  upon  the  necessity  of  considering  the  possibilities- 
of  growth. 

A.  J.  De  Camp,  of  Philadelphia,  Chairman  of  the  Execu- 
tive Committee,  offered  a  resolution  providing  for  the  appoint- 
ment of  a  committee  of  five  to  tabulate  rates  for  motor  service, 
based  upon  rates  for  arc  and  incandescent-light  service,  from 
stations  developing  over  300  horse-power. 

In  the  evening  the  Association  visited,  on  invitation,  the 
Franklin  Institute,  where  a  number  of  subjects  were  discussed 
of  general  scientific  interest.  The  visitors  were  welcomed  in 
a  speech  by  Mr.  Joseph  M.  Wilson,  President  of  the  Institute, 
to  which  a  response  was  made  by  President  Morrison. 

At  the  close  of  the  session  a  number  of  the  visitors  acceptedt 
the  invitation  of  the  Keystone  Light  &  Power  Company  U> 
visit  its  station  on  Sansom  Street. 

On  the  third  day,  Mr.  F.  H.  Ball,  of  Erie,  Pa.,  read  a  paper 
on  the  Direct  Transformation  of  the  Heat  Energy  of  Coal  int(» 
Electrical  Energy. 

This  was  followed  by  a  paper  on  the  Electrical  Motor,  as  ap- 
plied to  the  Propulsion  of  Street  Cars,  by  Mr.  Charles  J.  Vai» 
Depoele,  of  Chicago.  In  this  paper  reference  was  made  to- 
the  advance  made  in  this  direction,  and  an  account  was  giveni 
of  the  work  done  bv  the  electric  motor  in  Minneapolis. 

Mr.  Joseph  Wetzler,  of  the  £/fcirtc  World,  spoke  of  Incan- 
descent Lighting  from  High  Potential  Circuits.    He  referred  to 
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the  demand  for  incandescent  service  lo  lie  supplied  from  sta- 
tions, and  the  ol)slacles  which  had  been  met  in  introducing  such 
service.  The  iibject  aimed  at  was  lo  reduce  the  quantity  of 
copper  refiuired  for  the  distribution  of  the  current  to  incandes- 
(cnt  l.imps.  This  could  be  accomplished  by  increasing  the 
electro-motive  force  employed  on  the  circuit  and  reducing  cor- 
respondingly the  total  current  rcciiiireil.  To  accomplish  this 
he  suggested  the  us,-  ..f  si..,  au-  I.aii.ii.s 

Dr.  Otto  .-v.  Mos.s  ..I  N.  u  \,.,l  ,  1 1., lU-d  the  subject  of  the 
Distribution  of  F.lr.  111.,, I  In.iM  hi  \l,., us  of  .Secondary  Gen- 
erators, lie  argUL-il  ili.ii.  I.\  III.  U-.  .1  Miondary  generators, 
rurrcTits  of  i>o,i>o,i  iir  ;,ii,ii.«i  v. .Ik  .  ..nl.l  l«-  as  readily  and  safely 
gener.iu-il  ami  ilistribulcd  as  Ihnsc  ..I  lluprisfnt  limit  of  500 
or  71H1  volls.  lie  preiliited  Ihal  liy  iliis  nuaris  ihe  vast  power 
of  Niagara  Falls  could  be  utilized  and  even  transmitted  to  New 
York  in  the  near  future.  He  sjioke  at  length  of  the  secondary 
generators  now  in  use  in  the  incandescent  system  in  Pitts- 
burgh. 

Mr.  I.  Kugioka,  a  Japanese  engineer,  then  made  an  address, 
in  which  he  described  the  electric-lighting  system  of  Tokio, 
.'apan.  The  Tokio  Klectric  Light  Company,  organized  a  year 
ago,  supplies  2,000  incandescent  lamps  and  about  too  arc 
lights  from  its  plant,  located  in  the  suburbs  of  Tokio.  The 
system  embraces  the  residences  of  the  upper  classes,  and  also 
furnishes  light  to  the  new  palace.  Mr.  Kugioka  gave  some  in- 
teresting information  concerning  the  rapid  progress  of 
electrical  science  in  Japan  and   the   extensive  use  of  the  tele- 
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.Mr.  .s.  ^■..sllima,  President  of  the  Tokio  Electric  Light  Com- 
pany, was  also  present,  and  both  gentlemen  were  elected  hon- 
orary members  of  the  association. 

The  election  of  officers  resulted  as  follows  : 

President,  J.  F.  Morrison,  Baltimore.  First  Vice-President, 
E.  R.  Weeks,  Kansas  City.  Second  Vice-President,  A.  J.  De 
Camp,  Philadelphia.  Treasurer,  Charles  Cooper,  Brooklyn. 
.Secretary,  Thomas  McCoubray.  Baltimore.  Executive  Com- 
mittee, V.  A.  (iilbert,  Boston,  Chairman  ;  George  S.  Bowen, 
Elgin,  111.;  Frank  Ridlon,  Boston;  Stephen  Holbrook,  Phila- 
delphia ;  Dr.  Otto  Moses,  New  York  ;  Eugene  T.  Lynch,  New 
York  ;  J.  F.  Noonan,  Paterson,  N.  J. 

The  Association  adjourned  to  meet  in  Boston  in  August. 
Most  of  the  members  left  for  New  York  during  the  afternoon  to 
attend  a  dinner  of  the  Electric  Club  and  listen  to  a  paper  bv 
Mr.  Stephen  D.  Field  on  Electric  Motors. 


American  Institute  of  Mining   Engineers. 

The  forty-seventh  meeting  of  the  Institute  began  at  Scran- 
ton,  Pa.,  on  the  evening  of  Tuesday,  February  15.  Vice- 
President  James  D.  Weeks  called  the  meeting  to  order. 

The  Secretary,  Dr.  R.  W.  Raymond,  then  read  a  letter 
of  regret  from  President  Richards,  who  is  now  in  Bermuaa 
on  account  of  his  health.  This  was  followed  by  Dr.  Raymond 
reading  a  biographical  sketch  of  the  late  Mr.  Martin  Coryell, 
who  recently  died  at  Lambertville,  Pa.,  and  who  was  one  of 
the  founders  and  the  first  Secretary  of  the  Institute.  Dr.  Per- 
sifor  Frazer  then  made  some  remarks  on  the  progress  which 
had  been  made  in  the  work  of  the  International  Geological 
Congress  at  the  last  session  in  Berlin,  and  made  an  earnest 
appeal  to  the  members  of  the  Institute  to  look  more  thoroughly 
into  the  matter,  and  see  that  at  the  next  session  of  the  Con- 
gress, to  be  held  in  London  in  18S8,  America  be  well  repre- 
sented. Dr.  T.  Sterry  Hunt  then  spoke  a  few  words  indors- 
ing the  remarks  of  Dr.  Frazer. 

The  meeting  was  then  adjourned  so  that  the  members  could 
attend  the  handsome  reception  prepared  for  them  by  the  citi- 
zens of  Scranton.  The  members  were  all  taken  in  charge  by 
the  local  committee,  and  introduced  to  the  ladies  and  .gen- 
tlemen of  Scranton.  The  evening  was  passed  in  pleasant 
social  intercourse,  and  was  closed  by  a  handsome  collation. 

Wednesday  was  devoted  to  a  visit  to  the  extensive  works 
of  the  Lackawanna  Coal  &  Iron  Company  and  a  drive 
through  the  City  of  Scranton.  In  the  evening  a  business 
session  was  held. 

On  Thursday  morning  the  members  visited  the  Pine  Brook 
coal-breaker,  and  also  the  large  shops  of  the  Dickson  Manu- 
facturing Company.  Business  sessions  were  held  in  the 
afternoon  and  evening. 

On  Friday  there  was  an  excursion  over  the  Delaware, 
Lackawanna  &  Western  road  and  a  visit  to  several  coal 
mines.  A  business  session  at  4  P.  M.  and  the  annual  dinner 
in  the  evening  closed  a  very  successful  meeting. 

The  following  papers  were  presented  at  this  meeting,  sev- 
eral of  them  being  discussed  at  much  length  : 

The  Animikie  Rocks  and  their  Vein  Phenomena,  as  shown 


is.  De- 
lyjohn 


by  !•:. 
Gas; 


at  the  Duncan    Mine,  Lake  Super 
Iroit,  Mich. 

Concentration  and  Smelting  at  Tombstone,  Arizona  ;  I 
A.  Church,  Tarrytown,  N.  Y. 

Experiments  in  Matting  Sulphides  ;   by  K.  Gybbon  Spi 
New  York  City. 

Magnesium  Carbonate  as  a  Non-Conductor  of  heat 
Luttgen,  Ambler,  Pa. 

Notes  on   the  Saving  of  Sulphur  and  Ammoni.i  fror 
by  W.  H.  Adams,  New  York  City. 

Rail-Sections  ;   by  W.  F.  Mattes,  Scranton,  Pa. 

The  Bessemer  Department  of  |ones  &  l.aughlins.  Limited  ; 
by  P.  Barnes,  Pittsburgh,  Pa. 

General  Account  of  the  Iron  Ores  used  in  the  Chattanooga 
District  ;  by  H.  S.  Fleming,  Dayton,  Tenn. 

Comparison  of  some  Southern  Cokes  and  Iron  Ores,  by  A. 
S.  McGreath,  Harrisburg,  Pa.,  and  E.  V.  D'Invilliers,  Phila- 
delphia. 

Apparatus  for  Volumetric  Determinations  wi  th  Potassic  Per- 
manganate ;  by  Clemens  Jones,  Hokendauqua,  Pa. 

The  Microscopic  Structure   of    Steel   Rails  ;  bv  F.  Lvnvvood 
j    Garrison,    Philadelphia. 

Distribution  and  Proportions  of  American  Blast-Furnaces  ; 
by  John  Birkinbine,  Philadelphia  {carried  over  from  the  St. 
Louis  Meeting). 

Geology  ;md  Mining  of  the  Northern  Anthracite  Coal  Field 
of  Pennsylvania;  bv  Frank  A.  Hill,  Philadelphia. 

A  Water-cooled  Producer;   by  W.  J.  Taylor,  Chester.  N.  Y. 


Western  Railway  Club 


The  regular  meeting  was  held  in  Chicago,  February  16, 
President  Scott  in  the  chair.     There  was  a  large  attendance. 

Mr.  G.  W.  Rhodes  made  an  announcement  of  the  brake 
tests  at  Burlington,  giving  the  rules  for  the  trials,  which  will  be 
found  elsewhere. 

The  subject  of  Car  Heating  was  then  introduced  by  Mr.  Al- 
len Cooke,  who  referred  to  the  public  demand  for  some  sub- 
stitute for  stoves.      Letters  from  several  parties  were  read. 

Mr.  Barr  (Chicago,  Milwaukee  &  St.  Paul)  said  that  they 
were  trying  the  Martin  and  the  Westmghouse  systems  of  steam 
heating,  but  were  not  yet  prepared  to  report  results. 

Mr.  Martin  (.Martin  Anti-fire  Car  Heating  Company),  by 
request,  described  his  system  at  considerable  length,  answering 
many  questions  from  members. 

Mr.  Rhodes  said  that  when  electric  lighting  was  introduced 
the  impression  was  that  gas  would  be  dispensed  with.  In  prac- 
tice both  are  used,  one  to  help  the  other.  Something  similar 
will  probably  happen  with  car  heating.  Fire  in  the  locomotive 
rarely  causes  fire  in  wrecks,  because  it  is  properly  protected. 
Stoves  could  be  made  equally  safe. 

The  discussion  was  further  continued  by  Messrs.  Mead, 
Townsend,  Barr,  Martin,  Schlacks,  Quayle,  Forsyth,  Kirbv 
and  Pullman. 

Mr.  Sinclair  said  that  there  was  nodanger  from  the  explosion 
of  steam  pipes  in  the  cars,  the  steam  having  too  low  a  pressure. 

Mr.  Kirby  said  that  the  Lake  Shore  road  would  apply  the 
Martin  system  to  a  suburban  train  for  trial.  It  was  also  stated 
that  the  Rock  Island  road  would  try  the  Westinghouse  heater. 

The  Interchange  Rules  were  then  taken  up.  Rules  17,  IS 
and  ig  were  approved.  Rule  15,  it  was  voted,  should  be 
amended  by  substituting  the  words  "kind  and  quality  of 
material  "  for  "kind  of  material."  Amendments  to  Rules  16 
and  20  were  also  suggested. 

It  was  decided  to  continue  the  subject  of  Car  Heating  at  the 
March  meeting  ;  to  be  opened  by  Mr.  William  Forsyth.  The 
balance  of  the  Interchange  Rules  will  also  be  discussed,  the 
subject  to  be  opened  by  Mr.  Mead. 


Steel  Rail  Prices  in  Europe. — A  contract  for  13,000  tons 
of  steel  rails  for  a  new  line  in  Portugal  was  recently  let  to  the 
Bochum  Steel  Works  in  Germany  at  112  francs  ($21.75)  per 
ton.  Bids  were  received  from  Krupp  at  1:3  francs  and  the 
Cockerill  Company  at  Seraing,  Belgium,  at  116  francs. 

An  order  for  21,000  tons  of  steel  rails  for  Italy  has  been 
divided,  the  Ebbw  Vale  Company  (England)  taking  part  at  112 
francs,  Bolckow,  Vaughan  &  Co.,  England,  part  at  120,  and 
the  Cockerill  Company,  Belgium,  the  rest  at  120  francs. 

The  Council  of  Public  Works  of  Italy  has  recommended  that 
the  bid  of  the  Terni  Steel  Works  be  accepted  for  the  supply  of 
150,000  tons  of  steel  rails  for  new  branch  lines.  Delivery  is  to 
extend  over  four  years,  the  price  to  be  169  lire  ($32.75)  per 
ton  loaded  on  cars  at  the  works. 
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Mr.  D.W.  C.  Perry  is  Chief  Kntrineer  of  the  Parsons  X  Pa- 
cific, ;i  new  Kansas  road. 

Mr.  T.  Marino  is  now  Assistant  Engineer  of  ilu-  new 
Autjusta  \  Chattanoojpi  road  in  Georgia. 

Mr.  A.J.  Vosburgh  is  Chief  Knjfineer  of  the  Ripley  .V  Mill 
Creek  \"alley.  a  new  West  X'ir^inia  railroad. 

Captain  Henry  M.  Adams  has  been  promoted  to  he  Major, 
Corps  of  En,t;ineers,  in  plare  of  .Suter,  promoted. 

Mr.  William  Cappeller  has  been  appointed  Railroad  Com- 
missioner ..i  (ihio,  to  succeed  Mr.  H,  C.  Apthorp. 

Mr.  Thomas  Downing  has  resigned  his  position  as  Master 
Mechanic  of  llie  St.  Paul.  Minneapolis  \-  Manitoba  road. 

Passed  Assistant  Engineer  Frank  H.  Bailey,  U.  S.  N., 
has  been  assigned  U>  duty  at   Cornell  University.  Ithaca,  N.  Y. 

Mr.  R.  H.  Temple  has  been  appointed  Chief  Engineer  of 
the  new  Tennessee  Midland  Railroad,  with  office  in  Memphis, 
Tenn. 

First  Lieutenant  William  M.  Black  has  been  promoted 
to  be  Captain,  Corps  of  En8:ineers,  in  place  of  .Adams,  pro- 
moted. 

Mr.  H.  W.  Hamilton  has  been  appointed  Superintendent 
of  Construction  of  the  Minneapolis,  Sault  Ste.  Marie  \-  Atlan- 
tic road. 

Mr.  E.  P.  Moulton  has  resigned  his  position  as  Master 
Mechanic  of  the  Vermont  Division  of  the  Boston  \-  Lowell 
Railroad. 

Mr.  J.  R.  Hoffman,  Engineer  of  the  Carthage  &  Adiron- 
dack Railroad,  has  resigned  his  position  and  has  gone  to 
Colorado. 

Second  Lieutenant  Hiram  M.  Chittenden  has  been  pro- 
moted to  be  First  Lieutenant.  Corps  of  Engineers,  in  place  of 
Black,  promoted. 

Naval  Constructor  Fernald  has  been  ordered  to  San  Fran- 
cisco, where  he  will  supervise  the  construction  of  the  new- 
cruiser  Charleston. 

Mr.  William  J.  Cochran,  Sr.,  has  been  appointed  Master 
Moulder  of  Ordnance,  and  has  been  assigned  to  duty  at  the 
Washington  .\'avy  Yard. 

Mr.  T.  H.  Perry,  Chief  Engineer  and  Purchasing  Agent  of 
the  Lake  Erie  &  Western  road,  is  continued  in  that  position  on 
the  reorganization  of  the  company. 

Mr.  George  A.  Ferguson,  Master  Mechanic  of  the  White 
Mountains  Division  of  the  Boston  Ot  Lowell  road,  has  been 
given  charge  of  the  Vermont  Division  also. 

Mr.  O.  D.  Richard  has  been  appointed  Engineer  of  the 
Lake  Shore  Division  of  the  Lake  Shore  &  Michigan  Southern 
Railway,  in  place  of  L.  C.  Brewer,  resigned. 

Mr.  William  Rogers,  foi  some  years  past  General  Super- 
intendent of  the  Central  Railroad  of  Georgia,  has  been  ap- 
pointed Assistant  to  the  President  of  that  company. 

Mr.  D.  H.  Blackham  has  resigned  his  position  as  Superin- 
tendent of  the  Susquehanna  Division  of  the  New  York,  Lake 
Erie  *:  Western  road,  on  account  of  continued  ill  health. 

Mr.  Ross  Kells  has  been  appointed  Superintendent  of  Mo- 
tive Power  of  the  New  York,  Pennsylvania  &  Ohio  divisions 
of  the  New  York,  Lake  Erie  it  Western  road,  with  office  at 
Cleveland,  O. 

Mr.  Nathan  P.  Hobart,  of  New  York,  has  been  appointed 
Chief  Engineer  of  the  Vincennes  &  New  Albany,  a  new  rail- 
road in  Indiana.  His  headquarters  will  be  in  New  Albany, 
Ind.,  for  the  present. 

Mr.  W.  H.  Starr,  late  Roadmaster  of  the  Eastern  Division 
of  the  New  York,  Lake  Erie  X  Western  road,  has  been  pro- 
moted to  be  Superintendent  of  the  Rochester  Division  in  place 
of  G.  W.  Bartlett,  transferred. 

Mr.  R.  E.  Hardaway,  who  has  been  Chief  Engineer  of  the 
Americus,  Preston  &  Lumpkin  Railroad  during  its  construc- 
tion, has  resigned  that  position.  His  address  will  be  at  Tus- 
caloosa, Ala.,  for  the  present. 

Mr.  William  E.  Good  has  resigned  his  position  as  Master 
Mechanic  in  charge  of  the  Philadelphia  &  Reading  shops  at 
Reading.  Pa.  He  will  connect  himself  with  a  large  manufac- 
turing enterprise  in  Philadelphia. 

Mr.  W.  T.  Reed  has  been  appointed  Master  Mechanic  of  the 
St.  Paul,  Minneapolis  &  Manit.iba  Railroad,  with  office  in  St. 
Paul,  Minn.,  in  place  of  Thomas  Downing,  resigned.  Mr. 
Reed  was  recently  on  the  Canadian  Pacific. 

Mr.  George  G.   Crocker,  of  Boston,  has  been  appointed  a 


member  of  ihe  Massachusetts  Railroad  Commission  in  place  of 
Thomas  H.  Russell,  deceased.  He  is  a  lawyer,  and,  like  Judge 
Russell,  will  be  the  legal  member  of  the  Board. 

Mr.  F.  W.  Sargent  has  been  appointed  Engineer  of  Tests 
of  the  Chicago,  Burlington  &  Quincy  Railroad  in  place  of  E. 
M.  H err,  transferred  to  other  duties.  Mr.  Sargent  has  been 
for  some  time  employed  in  arranging  the  rail  record  of  the  road. 

Mr.  A.  M.  Tucker,  for  some  time  past  Superintendent  of 
the  Western  Division.  .New  York,  Pennsylvania  vV  Ohio,  has 
been  transferred  to  the  main  line  of  the  New  York,  Lake  Erie 
vV  Western  road,  as  Superintendent  of   the  Susquehanna   Divi- 


Mr.  H.  W;  Reed,  Roadmaster  of  the  Savannah,  Florida  & 
Western,  has  been  appointed  Secretary  of  the  Roadmasters' 
.Association  of  -America  in  place  of  Mr.  D.  H.  Lovell,  resigned 
on  account  of  ill  health.  Mr.  Reed's  address  is  Waycross, 
Georgia. 

Mr.  George  W.  Bartlett,  late  Superintendent  of  the  Roch- 
ester Division  of  the  New  York,  Lake  Erie  &  Western  road, 
has  been  transferred  to  the  company's  leased  New  York, 
Pennsvlvania  &  Ohio  line  as  Superintendent  of  the  Western 
Division. 

Mr.  Morris  S.  Belknap,  formerly  on  the  Louisville  &  Nash- 
ville, and  more  recently  Superintendent  of  ihe  Vicksburg  & 
Meridian  and  the  Vicksburg,  Shreveport  &  Pacific  roads,  has 
been  appointed  General  Superintendent  of  the  Central  Rail- 
road of  Georgia. 

Mr.  Herbert  Hackney  has  been  appointed  Assistant  Sup- 
erintendent of  Machinery  of  the  Atchison,  Topeka  &  Santa  F6 
Railroad.  He  is  a  son  of  Mr.  George  Hackney,  the  Superin- 
tendent of  Machinery,  and  has  had  charge  of  some  important 
work,  on  the  road  and  elsewhere. 

Mr.  ■William  H.  Stevenson  has  resigned  his  position  as 
Superintendent  of  the  New  York  Division  of  the  New  York, 
New  Haven  ^  Hartford  road.  He  has  been  connected  with 
that  road  for  fifteen  years.  It  is  said  that  he  will  accept  an 
important  position  on  the  New  York  A:  New  England  roaii 
I  Mr.  George  Hackney,  Superintendent  of  Machinery  and 
I  Car  Department  of  the  Atchison,  Topeka  &  Santa  Fe  Railroad, 
has  had  his  authority  extended  over  the  Atlantic  i*c  Pacific  and 
the  California  Southern  roads,  which  are  controlled  by  the 
.Atchison  Company.  .Mr.  Hackney's  office  will  remain  at  To- 
peka, Kan. 

Mr.  George  L.  Fowler,  Editor  of  the  American  Railway 
Publishing  Company's  paper  (the  American  foumal of  Ruihrav 
Appliances,  the  Street  Kaikuay  Journal  and  Po-.ver).  has  been 
appointed  First  Assistant  Commissioner  to  the  International 
Railway  Exposition  to  be  held  in  Paris  during  the  coming  sum- 
mer.     His  address  is  No.  113  Liberty  Street,  New  York. 

Mr.  E.  M.  Herr,  for  some  time  past  Engineer  of  Tests  of 
the  Chicago.  Burlington  &  Quincy  Railroad,  has  been  ap- 
pointed .Acting  Superintendent  of  Telegraph,  with  office  at 
.Aurora.  III.  Mr.  Herr  has  recently  been  giving  much  atten- 
tion to  telegraphic  work,  especially  in  connection  with  the  ap- 
plication of  the  quadruplex  system  to  the  company's  lines. 

Mr.  Henry  Cope  Whitehouse  has  succeeded  in  calling  the 
attention  of  the  Egyptian  Ministry  of  Public  Works  to  his  pro- 
ject for  restoring  the  ancient  Lake  Moeris  as  a  storage  reser- 
voir in  which  a  portion  of  the  overflow  of  the  Nile  can  be  re- 
tained and  used  for  irrigation  in  the  dry  season.  Engineers 
are  to  make  a  careful  examination  and  report  on  Mr.  White- 
house's  plans. 

Mr.  R.  R.  Bridgers,  Jr.,  has  been  appointed  Engineerof 
Maintenance  of  Way  of  the  Western  North  Carolina  Division 
of  the  Richmond  iV  Danville  Railroad.  Mr.  Bridgers  has  been 
for  some  time  on  the  Pennsylvania  Railroad  in  the  mainten- 
:  ance  of  way  department  ;  he  is  a  son  of  Hon.  R;  R.  Bridgers, 
for  many  years  President  of  the  Wilmington  &  Weldon  Rail- 
road Company. 

Mr.  C.  C.  Wrenshall,  Engineer  of  Maintenance  of  Way  of 
the  Northern  Pacific,  has  resigned  to  accept  the  position  of 
Superintendent  of  the  Woodstock  Iron  >V  Steel  Company,  at 
.Anniston.  Ala.  He  will  have  charge  of  the  building  of  that 
company's  furnaces  and  steel  works,  and  also  of  the  location 
and  construction  of  a  railroad  from  Anniston  to  Gadsden, 
which  the  company  intends  to  build  Mr.  Wrenshall  has  been 
with  the  Northern  Pacific  since  that  line  was  completed. 

Captain  A.  W.  Greely,  Fourth  Cavalry,  has  been  appointed 
Chief  Signal  Officer  of  the  .Army,  with  the  rank  of  Brigadier- 
General,  to  succeed  Gen.  W.  B.  Hazen,  deceased.  Capt. 
Greely  served  through  the  war,  having  enlisted  as  a  private  in 
'  the  19th  Massachusetts  Regiment  in  1S61.  .After  the  war  he 
received  a  commission  in  the  Regular  Army,  and  for  iS  years 
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past  he  has  been  in  the  Sisnal  Service,  for  several  years  beiiiK 
second  in  command.  He  is  well  known  to  the  public  from  his 
service  in  the  Signal  Corps  and  from  his  connection  with  Arc- 
tic explorations. 

Mr.  John  W.  Cloud  will  succeed  Mr.  R.  H.  Soule  as  Super- 
intendent of  Motive  Power  of  the  New  York,  Lake  Erie  i<i: 
Wi-stcrn  road.  Mr.  Cloud  has  served  in  the  motive  power 
department  of  the  Pennsylvania  Railroad  for  a  number  of 
years  ;  for  six  years  past  he  has  been  Enffinecr  of  Tests,  and 
on  the  death  of  Mr.  J.  B.  Collin  last  year,  he  was  appointed 
Mechanical  Engineer  also.  Mr.  Cloud  joined  the  Master  Car- 
Builders'  Association  in  1883,  as  representative  member  for  the 
Pennsylvania  Railroad,  and  has  since  taken  a  prominent  pari 
in  its  proceedings. 

Mr.  R.  H.  Soule  has  been  appointed  General  Manager  of 
the  New  York,  Lake  Erie  &  Western  Railroad.  The  office  is 
ml  Mr.  Soule  will  take  part  of  the 
I  li\'  Vice-President  Felton.  Mr. 
n,  liaving  been  born  in  1849.  He 
.111  ^L-  and  entered  the  service  of  the 
1  ilrultsman  in  the  Altoona  shops  in 
as  assistant  in  the  test  department 
1  years  of  test  and  inspection  work 
'  Motive  Power  of  the  Northern 


a  new  one  on  that  road.  ; 
work   heretofore    p,  ilornu 

Soule     is     still    a    NihuI'.;     m, 

graduated  from  li.u  \.ii,l  t 
Pennsylvania  Raihuad  as 
1875,  receiving  a  position 
two  years  later.  After  tw 
he  was  made  Superi 


ent 


Central  road  in  1879,  and  in  1881  was  transferred  to  the  Phila- 
delphia &  Erie.  A  year  later,  he  was  again  transferred  to  the 
Pittsburgh,  Cincinnati  &  St.  Louis  road,  and  in  1883  he  re- 
signed his  position  there  to  become  Superintendent  of  Motive 
Power  of  the  New  York,  West  Shore  &  Buffalo  road,  where  he  re- 
mained until  December,  iSSq,  when  he  was  made  Superintendent 
of  Motive  Power  of  the  New  York,  Lake  Erie  &  Western,  suc- 
ceeding Mr.  F.  M.  Wilder.  On  the  Erie,  Mr.  Soule  has  been 
occupied  in  reorganizing  the  motive  power  department  thor- 
oughly, and  it  has  doubtless  been  his  efficient  work  there  which 
has  led  to  his  promotion.  Mr.  Soule  joined  the  Master  Car- 
Builders'  Association  as  a  representative  member,  and  has  been 
prominent  both  in  the  conventions  and  in  committee  work. 


Notes  and  News. 


Cable  Railroad  in  California.— The  San  Jose  &  Santa 
Clara  Railroad  Company  has  been  organized  to  build  a  cable 
railroad  to  miles  long  from  San  Jose,  Cal.,  to  Santa  Clara  and 
Alum  Rock. 

New  Steamer  for  the  Allan  Line.— Bids  have  been 
asked  for  in  Glasgow  for  a  new  steel  steamer  of  5,000  tons 
for  the  Allan  transatlantic  line.  The  new  steamer  is  to 
have  triple-expansion  engines. 

American  Machine  Tools  for  France. — The  Bridgeport 
(Conn.)  Machine  Tool  Works  recently  shipped  to  France 
some  machinery,  which  is  said  to  be  the  first  part  of  a  very 
large  order  for  tools  for  making  fire-arms  for  the  French 
Government. 

Elevated  Railroads  in  Cincinnati.— A  bill  has  been  pre- 
sented to  the  Ohio  Legislature  providing  for  the  organization 
of  companies  to  build  elevated  railroads  in  Cincinnati.  The 
routes  proposed  must  be  inspected  and  approved  by  the  Rail- 
road Commissioner. 

The  Hancock  Inspirator. — The  Hancock  Inspirator  Com- 
pany celebrated  the  manufacture  of  the  100,000th  inspirator  by 
a  dinner  ;it  the  Quincy  House,  Boston,  on  the  evening  of  Feb- 
ruary 21.  A  number  of  guests  were  present,  and  appropriate 
speeches  were  made. 

Heavy  Rails. — The  Soclete  Cockerill,  at  Seraing,  Belgium, 
is  rolling  some  rails  of  the  Sandberg  pattern,  weighing  loi  lbs. 
per  yard.  These  will  be  the  heaviest  rails  ever  made,  and 
are  to  be  used  at  certain  points  on  a  line  where  trains  are 
run  at  very  high  speed. 

Shreveport  Sewerage  System. — A  system  of  sewerage  has 
been  finally  arranged  for  the  City  of  Shreveport,  La.,  and 
a  contract  for  the  work  has  been  let  to  Samuel  R.  Bullock 
&  Co..  of  New  York.  The  pipes  will  be  supplied  by  Black- 
mer  &   Post,   of  St.   Louis. 

Elevated  Railroads  in  Chicago.  —  The  Chicago  Rapid 
Transit  Company  has  taken  steps  to  secure  right  of  way  for  an 
elevated  railroad  threiugh  Slate  and  other  streets.  The  project 
meets  with  much  oppusiiion,  hut  the  company  promises  to  be- 
gin work  early  in  the  spring. 

Hawkesbury  River  Bridge. — Work  was  actually  begun 
on  the  foundations  of  this  Australian  bridge  in  October,  and 
early  in  January  one  pier  was  down  15   feet  in  the  solid,  with 


25  feet  of  concrete  in  it  and  50  feet  of  the  iron  shell  in  place, 
and  another  caisson  nearly  ready  for  launching. 

Railroads  in  the  Italian  Army. — The  Engineer  Corps  of 
ihe  Italian  Army,  under  a  new  reorganization,  is  to  include 
four  companies  of  railroad  men,  experienced  in  the  con- 
struction and  operation  of  railroads,  and  one  company  of 
men  competent  to  build  and  operate  telegraph  lines. 

Improving  the  New  York  Canals.— Bills  are  before  the 
New  York  Legislature  providing  for  the  improvement  of  the 
Erie  and  the  Champlain  canals.  One  bill  provides  for  the 
expenditure  of  $500,000  for  the  purpose  of  lengthening  locks 
near  Syracuse,  while  another  provides  for  more  extensive 
works. 

Price  of  Locomotives  in  England. — It  is  reported  that  the 
Lancashire  iV  Yorkshire  Railway  has  recently  placed  an  order 
for  thirty  locomotives  al  ^37  los.  a  ton  (equal  to  $180),  which  is 
said  to  be  the  lowest  figure  ever  touched  for  that  class  of  work. 
The  Vulcan  Foundry  Company,  Newton-lc-Willows,  is  the  con- 
tractor. 
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Cannon    Making    in    Japan. 

ent  of  r/ie  Engineer  says:  "  A( 
Krupp  has  lately  made  an  arrauKc 
ernment  to  establish  a  branch  of 
in  Japan,  and  is  to  manufacture  al 
ernment  may  require." 

American  Brake  Company.— This  company  has  been  mak- 
ing additions  to  its  works  in  St.  Louis,  including  a  new  ma- 
chine shop  with  a  full  equipment  of  tools.  This  has  given 
the  Superintendent,  Mr.  G.  H.  Poor,  an  opportunity  to  re- 
arrange the  works  with  a  view  to  promoting  economy  and  con- 
venience in   working. 

Grade  Crossings  in  Connecticut.— The  Connecticut  Rail- 
road Commissioners,  like  their  Massachusetts  brethren,  recog- 
nize the  fact  that  highway  grade  crossings  over  railroads  are 
a  nuisance  not  to  be  tolerated  in  a  thickly  inhabited  country, 
and  in  their  report  they  strongly  urge  the  passage  of  a  law  pro- 
viding for  their  complete  abolition 

Prince  Edward  Island  Tunnel. — A  company  has  been 
organized  with  $5,000,000  capital  stock  to  build  the  proposed 
tunnel  under  Northumberland  Straits,  to  connect  Prince  Ed- 
ward Island  with  -he  mainland  of  New  Brunswick.  The 
company  asks  the  Canadian    Government    to   guarantee  4  per 
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American  Institute  of  Mining  Engineers.— The  officers 
chosen  at  the  Scranton  meeting  to  serve  for  the  ensuing  year 
are:  President,  Prof.  Thomas  Egleston,  New  York.  Vice-Presi- 
dents, John  Birkinbine,  Philadelphia;  J.  F.  Holloway,  Cleve- 
land, O.;  E.  S.  Moffat,  Scranton,  Pa.  Member  of  the  Board 
of   Managers  for  two  years.   C.   Kirchhoff.  Jr.,   New  York. 

Heavy  Guns. — Commander  G.  W.  Sumner.  U.  S.  N.,  con- 
tributes a  paper  to  the  Army  and  Navy  Journal,  in  which  he 
argues  very  strongly  against  the  efforts  recently  made  to  secure 
further  experiments  with  cast-iron  guns.  He  claims  that  such 
experiments  would  be  merely  a  waste  of  time  and  money,  in  view 
of  the  experience  already  had  with  such  guns  in  this  and  other 
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also  asking  for  the  establishment  of  a   manu- 

neral  region  of  Georgia.  Alabama 


and  Gulf  ports 
facturing  arsenal 
or  Tennessee. 

Steel  Ties  in  England. — The  Northeastern  Railway  Com- 
pany (England!  has  recently  placed  with  Bolckow,  Vaughan  c& 
Co.  an  order  for  2,000  tons  (about  20,000  ties)  of  steel  ties  of 
the  pattern  adopted  on  the  road.  This,  it  is  understood,  is  the 
first  instalment  of  a  very  heavy  contract.  Bolckow,  Vaughan 
&  Co.  have  now  at  their  works,  at  Eston.  a  special  plate  for 
making  these  ties. 

Electricity,  Effects  of  in  Iron  When  Cooling.— Lieut. 
Zalinskv,  the  inventor  of  the  dynamite  gun  and  submarine 
torpedo'  boat,  it  is  reported,  on  the  authority  of  the  New 
York  HeraM,  has  been  making  some  preliminary  tests  which 
have  shown  that  iron  cooled  while  a  strong  current  of 
electricity  was  passing  through  it  was  increased  fully  one- 
half  in  tensile  strenglii  and  ductility. 

Underground  Telegraph  Lines.— A  London  correspondent 
of  Science  says  that  during  the  controversy  on  overhead  versus 
underground  lines  in  England,  the  following  statements  have 
been  put  forward  on  authority:  The  English  Post-office  has 
20,000  miles  of  underground  lines,  as  against  22,000  in  Ger- 
many.    The  cost  of  an  underground  wire  is  ;^350  per  mile,  and 
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•of  every  additional  wire,  ;f  15,  as  against  jQ^s  and  £'0  respec- 
tively for  overhead  wrires.  Underground  wires  diminish  the 
speed  of  signaling  from  25  to  75  per  cent,  over  long  distances. 
The  cost  of  renewal  and  maintenance  is  about  the  same  in  both 
cases. 

Close  of  an  Old  Mill.— The  Fall  River  Iron  Works,  at  Fall 
Rivrr.  M  iss  ,  uliirh  were  started  in  1842,  have  been  closed 
penii.iin  iiiU  I  III  mill  made  nails,  hoop,  band  and  bar  iton, 
and  IK  i  i|'.i.  ii\  ".IS  riliout  n, 000  tons  of  finished  iron  yearly. 
The  ri  .is"ii  I'll  .liising  is  that  the  owners  have  f(jund  it  im- 
possilik-  til  I'.impcte  with  mills  in  Pennsylvania  and  other 
States  close  In  the  supplies  of  fuel  and  raw  material. 

Hardness  of  Metals. — In  describing  his  instrument  for  de- 
termining the  relative  hardness  of  metals,  by  scratching  with  a 
weighted  diamond — the  harder  the  metal  the  heavier  being  the 
weight — Mr.  T.  Turner  has  remarked  that  the  true  hardness 
did  not  vary,  as  was  commonly  supposed,  according  to  the 
tenacity,  and  that  accounted  for  the  difference  which  was  often 
seen  in  the  wear  of  railway  rails.  He  also  pointed  out  that  in 
cast-iron  the  softest  metal  was  really  the  strongest. 

The  Industrial  Problem. — The  American  Machinist  says 
that,  "  the  great  industrial  problem  is  the  discovery  and  adop- 
tion of  some  plan  to  afford  work  for  the  unemployed,"  and 
thus  concludes  its  article  on  the  subject  by  saying,  "we  believe 
that  no  other  remedy  exists  for  getting  rid  of  the  growing  army 
of  enfdiceil  idlers,  than  cutting  down  the  hours  of  daily  labor." 
This  is  a  very  simple  remedy  for  this  widespread  evil,  and,  like 
h<inia|iathic'medicine,  will  be  pleasant  for  the  laborer  to  take. 

Russian  Ship  Canal. — Some  attention  has  been  directed 
in  Russia  to  a  project  for  a  second  connection  between  the  Sea 
of  .Azof  anil  the  Black  Sea  by  a  canal  through  the  Isthmus  of 
Perekop.  which  connects  the  Crimea  with  the  main  land.  As 
now  outlined  it  is  proposed  to  build  a  canal  12  feet  deep  and  65 
feet  wide  through  ihe  Isthmus,  wiih  ports  at  each  end.  The 
object  of  the  canal  is  to  avoid  the  dangerous  navigation  of  the 
Straits  of  Kertch. 

Safety  Heating  and  Lighting  — An  Omaha  letter  says 
that  a  new  plan  for  securing  safety  is  to  be  tried  on  the  Union 
Pacific  road.  It  is  proposed  to  have  an  iron  car  attached  to 
the  train,  in  which  will  be  a  boiler  to  supply  steam  for  heating 
the  cars  and  the  reservoir  containing  gas  for  lighting  them. 
No  fire  will  be  allowed  in  any  other  car,  and,  as  the  gas  lights 
in  the  passenger  cars  will  be  at  once  extinguished  in  case  of 
accident,  it  is  believed  that  danger  of  fire  will  be  almost  entirely 
removed. 

Profits  for  Employes.— H.  K.  Porter  &  Co.,  in  Pittsburgh, 
builders  of  light  locomotives,  recently  issued  a  circular  to 
their  employes,  saying  that  during  the  year  just  closed  the 
work  in  the  shops  had  been  exceedingly  well  done.  To  show 
their  appreciation  of  honest  endeavor  and  fair  dealing  they 
therefore  make  cash  presents  to  all  the  men  in  the  shops, 
on  the  following  scale  :  Foremen,  $50  each  ;  gang-bosses,  $25 
each;  mechanics.  $15  each  :  laborers,  $10  and  apprentices 
$5  each. 

Electric  Locomotives  in  London. — Trials  have  been  made 
in  London  of  the  Elieson  electric  locomotive.  This  is  a  motor 
driven  by  a  storage  battery,  the  motor  being  placed  below  the 
vehicle  and  communicating  its  power  to  the  wheels  by  bevel 
gearing.  The  locomotive  weighs  6^  tons  and  the  car  attached 
to  it  2^  tons,  empty  ;  the  car  will  carry  46  passengers.  Lo- 
comotives of  this  pattern  are  to  be  used  on  a  suburban  section 
of  the  North  Metropolitan  Tramway  Company's  line.  The 
run  is  5  miles  each  way. 

Neiw  Ships  for  the  Navy. — The  House  Committee  on 
Naval  Affairs  recommends  the  passage  of  a  bill  providing 
for  the  construction  of  two  steel  cruisers  of  4,000  tons  bur- 
den, to  be  of  the  same  type  as  the  Nevark,  now  building  ; 
four  steel  gunboats  of  1,700  tons  displacement,  and  one 
steel  torpedo  boat  for  cruising,  to  be  about  150  feel  long 
and  capable  of  making  20  knots  an  hour.  The  cost  of  the 
cruisers  is  not  to  exceed  $1,300,(00  each,  without  arma- 
ment ;  of  the  gunboats,  $525,000  each  ;  and  of  the  torpedo 
boat,  $100,000. 

Natural  Gas  in  Ohio. — A  syndicate  has  been  formed  to 
pipe  natural  gas  from  the  wells  at  Findlay,  C,  to  Columbus 
and  Cincinnati.  A  4-inch  main  will  be  laid.  The  sydicate 
controls  light  wells  with  an  average  product  of  30,000,000  cu- 
bic feet. 

In  Wood  County  there  are  now  18  wells,  producing  an  aver- 
age of  44,000,000  cubic  feet  of  gas  daily. 

Arrangements  are  in  progress  to  put  down  pipes  from  the 
gas  wells  in  Mercer  County  to  Dayton,  Springfield  and  other 
manufacturing  towns. 


Wind  Derailments  on  Narrow-Gauge  Roads. — A  severe 
wind-storm  on  February  t8  proved  ton  much  for  the  narrow- 
gauge  roads  in  Colorado,  no  less  than  four  trains  having 
been  blown  from  the  track.  On  the  Denver  &  Rio  Grande 
a  passenger  train  of  5  cars  was  blown  from  the  track,  and 
a  freight  train  of  20  cars  was  also  derailed,  both  near  Col- 
orado Springs.  On  the  Denver  &  South  Park  a  passenger 
train  of  3  cars  was  blown  down  a  bank  near  Morrison  and 
another  passenger  train  was  blown  from  abridge  near  Como  ; 
in  the  last  accident  several  passengers  were  hurt. 

Large  Stationary  Engine. — Douglas  &  Grant,  of  Kirk- 
caldy, Scotland,  have  nearly  completed  a  compound  Corliss 
Engine  of  unusual  size  for  a  cotton  mill  in  Bombay,  The 
engine  has  a  high-pressure  cylinder  40  inches,  and  low-pres- 
sure, 70  inches  diameter,  the  stroke  being  6  feet.  The  fly- 
wheel is  30  feet  diameter  by  8  feet  6  inches  face,  and  is 
grooved  for  38  wire  ropes,  by  which  the  power  is  to  be  trans- 
mitted to  the  different  sections  of  the  mill.  The  steam  pressure 
is  to  be  100  lbs.  and  the  engine  is  to  run  at  60  revolutions, 
it  is  expected  to  work  up  to  2,500  H.  P.  without  difficulty. 

Nev?  Bridge  Contracts.  —  Contracts  for  two  important 
bridges  have  recently  been  let.  The  first  is  i.n  .1  suel  bridge 
over  the  Ohio  River,  between  Cincinnati  .nil  (  "i  in-ii.n,  for  the 
Chesapeake  &  Ohio  or  Huntington  sysi. m  .i  r.nlni.nls  This 
bridge  will  be  built  by  the  Phoenix  Bridge  1  >  iiiiii,iii\  ,it  Phoenix- 
ville.  Pa,;  the  cost  will  be  about  $r, 000,000, 

The  ■  econd  contract  is  for  a  bridge  over  the  Mississippi  at 
Fort  Madison,  la,,  for  the  Chicago.  Santa  Fe  &  California,  which 
is  the  Atchison,  Topeka  &  Santa  Fe  extension  to  Chicago,  The 
Union  Bridge  Company  has  the  contract  for  this  bridge,  which 
has  been  designed  by  Mr.  Octave  Chanute, 

Iron-Clad  for  the  Spanish  Government.— A  large  iron- 
clad, named  the  Pelayo.  constructed  for  the  Spanish  Govern- 
ment by  a  French  company,  was  launched  at  Toulon,  re- 
cently, having  been  commenred  in  April.  1S85,  The  vessel 
is  105  meters  long  by  20  wide,  and  of  g.goo  tons.  The  two 
engines  are  of  6,800  horse-poner.  which  can  be  increased  to 
8,CKio,  and  the  two  screws,  each  weighing  7,500  kilogrammes, 
give  a  maximum  speed  of  16  knots  an  hour.  The  cost  is 
14,500, ooof.,  exclusive  of  that  ot  the  hydraulic  apparatus  and 
artillery,  and  the  ship  will  be  completely  equipped  in  another 
year. 

Heating  Railroad  Cars.— .Mr,  Albert  L,  Murdock,  of 
Boston,  sends  to  the  'J'nin.un/'l  of  that  city  the  following 
letter.  "  There  are  at  the  Patent  Oflice,  Washington,  300 
models  for  heating  railroad  cars  and  not  one  adopted  by  any 
railroad  company  in  the  United  States  and  never  will  be  until 
public  opinion  forces  them  to  action,  I 'will  deposit  $500  in 
bank  on  notice  of  any  one  equipping  a  train  of  five  cars,  and 
after  running  three  months,  if  accepted  by  the  railroad  company 
and  an  order  is  given  to  equip  25  cars,  the  sum  shall  be  payable 
on  presentation  of  the  contract  to  the  inventor  of  the  first 
method  that  is  accepted." 

Compound  Engines  for  an  Italian  Iron-Clad— Messrs. 
Maudslay,  Sons  and  Field,  the  celebrated  English  engineers, 
are  building  large  compound  engines  for  the  new  Italian 
armor-clad  //  AV  Uni/n-ito.  According  to  the  contract,  these 
engines  are  to  be  of  19,500  horse-power,  which  is  about  7,500 
horse-power  more  than  that  of  any  vessel  yet  designed  for 
the  British  Navy.  It  is  stated  that  they  will  actually  in- 
dicate 21,000  horse-pnwer,  or  9,000  more  than  any  vessel  in 
the  British  Navy.  These  engines,  completelv  made  of  steel, 
are  expected  to  drive  the  //  A'e  Umberto.  fully  equipped, 
about  20  knots  per  hour. 

Imports  of  Iron  and  Steel.— The  total  imports  of  iron  and 
steel  into  the  I'nited  States  last  year,  as  given  by  the  Bureau 
of  Statistics  of  the  Treasury  Department,  were  t,og8,5&2  tons, 
of  a  total  value  of  141,630,688;  against  578,476  tons  valued 
at  $31,144,552  in   1885. 

The  leading  articles  imported  were  :  Tin  plates,  257,686  tons; 
steel  blooms  and  billets,  149,287  tons  ;  wire  rods,  136,965  tons  ; 
steel  rails,  41,581  tons;  pig-iron,  361,768  tons;  scrap-iron, 
87,103  tons. 

The  imports  of  iron  ore  for  1886  were  1,039,433  tons, 
against  390,786  in  1S85.  This  ore  came  chiefly  from  Cuba 
and  Spain,   with  a  small  quantity  from  the  island  of  Elba. 

Harlem  River  Bridge. — The  pneumatic  caisson  for  the 
new  Harlem  River  bridge,  54  by  104  feet,  outside  measure- 
ment, and  one  of  the  largest  in  this  country,  is  making  satis- 
factory progress.  It  has  struck  rock  on  one  edge.  17  feet 
down,  the  rock  at  the  other  edge  being  42  feet  down. 
Drills  worked  by  compressed  air  are  now  at  work  on  the 
rock  and  the  caisson  will  probably  be  down  to  place  by 
April  I.     Dynamite  is  used  exclusively  for  blasting.     The  ma- 
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(erial  is  reaioved  exclusively  throuKh  air-locks,  four  buckets, 
holding  onc-quarier  yard  each,  passiufj  through  ihe  lock  at 
once.  This  caisson  was  built  in  place,  a  sheet  pile  cofler- 
■dani  lieinK  'juill  around  the  site,  filled  in  with  sill  from  the 
bed  of  I  he  river. 

Chicago  Manual  Training  School.— This  sihool,  now  in 
its  tourih  year,  has  made  encouraging  progress  under  the 
■direction  of  Dr.  Helfield.  The  total  number  of  pupils  en- 
rolled is  now  igo.  The  course  is  a  three  years'  one,  and 
•embraces  instruction  in  mathematics,  science,  language,  draw- 
ing and  shop-work  during  the  entire  period.  The  requisites 
for  admission  are,  that  the  candidate  be  at  least  fourteen 
years  of  age  and  be  able  to  pass  a  satisfactory  examination 
in  reading,  spelling,  writing,  geography.  English  composition 
-and  arithmetic.  The  school  has  a  well-equipped  wood-room, 
foundry,  forge-room  and  machine-shop,  and  ample  appara- 
tus for  teaching  the  various  subjects  in  which  instruction  is 
given. 

Railroads  in  Ecuador. — The  Government  of  the  South 
American  State  of  Ecuador  has  granted  a  concession  to  Messrs. 
Finley  and  Wiswell,  two  American  engineers,  to  build  a  rail- 
road from  yuito,  the  capital,  to  the  port  of  San  Lorenzo.  It 
is  understood  that  capital  has  been  secured  in  New  York. 
A  preliminary  survey  has  been  made  of  the  road,  which  will  be 
about  I20  miles  long,  and  a  practicable  route  has  been  founa. 

By  the  terms  of  the  concession  the  Government  of  Ecuador 
grants  a  subsidy  equivalent  to  6  per  cent,  upon  S27.000  per 
kilometer  (equal  to  about  $45,000  per  milel.  This  grant  is  not 
in  the  nature  of  a  guarantee  or  claim  upon  the  revenues,  I, ut  is 
a  direct  donation  and  is  secured  to  ihe  railroad  company  by 
■charge  upon  the  customs  revenues  of  the  port  of  San  Lorenzo. 
Electric  Lighting  in  the  British  Navy. — The  official 
triid  of  the  electric  light  installation  on  board  H.  M.  S.  Sdzerii 
took  place  at  Chatham  Dockyard,  and  proved  entirely  success- 
ful. The  dynamos  were  Goolden-Trotter  A  type,  one  of  200 
amperes,  driven  by  a  Willan's  central-valve  two  cylinder  en- 
gine at  400  revolutions,  and  another  of  100  amperes  driven  by 
a  Willan's  three-cylinder  tandem  engine. also  at  400  revolutions. 
The  installation  consisted  of  171  Swan  lamps  of  16  candle- 
power,  80  volts,  and  two  Latimer,  Clark,  Muirhead  X  Co.'s 
projectors,  each  running  a  search  light  of  100  amperes.  The 
installation  was  fitted  up  by  the  firm  of  Goolden  &  Trotter,  of 
Westminster,  the  entire  work  having  been  carried  out  bv  their 
own  staff. 

Suit  for  Infringement  of  the  Patent  of  the  Miller  Coupler. 
— The  case  of  the  heirs  of  the  late  Ezra  .Miller  against  the 
Pennsylvania  Railroad  Company  for  damages  amounting  to 
over  $roo,ooo  for  the  infringement  of  the  patents  g.anted  10 
Miller  in  1863,  1S65  and  1866  by  the  use  of  the  Janney  coup- 
ler was  recently  decided  belore  Judge  Cox  and  a  jury  in  the 
U.  S.  Circuit  Court  in  New  York.  This  is  the  first  time  that 
the  Miller  patents  have  been  in  litigation.  The  Court  held 
that  the  1S63  patent  was  limited  in  terms  and  that  the  Janney 
device  did  not  infringe  it.  The  Judge  then  directed  that  a  ver- 
dict on  the  other  patents  should  be  given  for  6  cents  damages, 
which  was  consented  to  by  the  counsel  for  the  Pennsylvania 
Railroad  Company. 

Coal  Production  of  the  United  States. — The  production 
of  coal  in  the  United  States  for  seven  years  past  is  estimated 
by  Bradslreefs  as  follows,  in  long  tons : 

Bituminous.       AntbraciK 

1880 37,138.000  25,400,00c 

■1881 42,826.000  30,900,00c 

^882 51,523,000  31,550,00c 

"883 57.805,000  34,450,00c 

1884 60,000,000  33,3ig,ooc 

1885 58,300,000  34,258.000 

i836 66.200,000  34,814.00c 

The  increase  last  year  over  1885  was  ,nost 
•sylvania,  Indiana,  Virginia,  West  Virginia  and  Maryland. 
Pennsylvania  furnished  all  the  anthracite  and  44  per  cent,  of 
■the  bituminous  coal  in  1886,  or  over  63  per  cent,  of  the  entire 
product. 

New  Guns  for  the  Army. — The  Army  and  Navy  Journal 
says:  "We  are  informed  that  the  Ordnance  Department  are 
proposing  to  so  alter  the  Springfield  Rifle  as  to  avoid,  if  possi- 
ble, the  necessity  for  adopting  a  quicker  firing  gun  in  the  shape 
■of  a  magazine  arm.  Just  what  changes  are  in  contemplation 
we  do  not  learn.  As  soon  as  Col.  BufBngton,  of  the  Spring- 
field Armory,  has  completed  some  e.xperiments  he  is  conduct- 
ing, they  will  be  announced.  It  is  not  expected  that  the  gun 
can  be  made  a  self-loader,  but  the  idea  seems  to  be  to  have 
the  breech  block  so  arranged  as  as  to  admit  of  the  most  rapid 
loading  with  the  hand.  Gen.  Kelton  has  also  an  improvement 
on  the  Springfield  gun  which  it  is  thought  possesses  considera- 
ble merit.  He  is  now  in  consultation  with  the  Ordnance  De- 
partment with  regard  to  it." 


Total. 

62,588,000 
73,726,000 
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Lectures  on  Railroad  Management.— Professor  E.  R.  A. 
Seligman,  of  Columbia  College,  New  York,  delivers  this 
winter  to  the  students  ,1  1  ^lurse  of  lectures  on  railroad  history 
and  management.      Tin-  1  ourse  is  outlined  as  follows: 

1.  Railroad  hislorv  and  development  in  the  United  States, 
England  and  the  Continent  of  Europe. 

2.  Relations  of  railroads  to  investors  in  ihrir  securities. 

3.  Relations  of  railn.ailsto  the  public. 

4.  Relations  of  railn>aiis  to  their  employi-s. 

5.  National  and  State  legislation  on  railroads  in  the  United 
States. 

6.  The  question  <^i  Stale  or  private  ownership  of  railroads. 

Illinois  Coal  Mines. — The  reports  of  the  State  Mine  In- 
spector show  that  in  1886  coal  was  mined  in  Illinois  in  50 
counties,  at  789  mines  and  openings.  There  were  25,846 
employC-s  at  these  mines,  and  23;  machines  used.  The  total 
output  for  the  year  was  9.246.435  tons,  a  decrease  of  %%  per 
cent,  from  1885.  The  average  value  per  ton  at  the  mines  was 
Si.  1 1. 

The  reports  of  accidents  to  miners  show  that  52  men  were 
killed  and  169  injured,  a  total  of  221  casualties.  One  life  was 
lost  for  497  employes,  or  one  life  for  177,816  tons  of  coal 
mined. 

The  total  number  of  escapement  shafts  in  mines  is  now  310, 
against  137  in  1884,  and  the  total  number  of  mechanical  ven- 
tilating fans  erected  dnring  the  year  was  48.  making  152  now 
in  use. 

New  Locomotives  for  the  New  'york  Elevated  Roads. 
— The  Manhattan  Companv  is  having  25  new  locomotives  built 
t<.r  its  elevated  lines  in  NevV  York  City  at  the  New  York  Loco- 
motive Works,  in  Rome.  N.  Y.  Like  so  many  of  the  engines  on 
the  elevated  roads,  the  new  ones  are  of  the  Forney  pattern  :  they 
have  cylinders  12  inches  diameter  and  16  inches  stroke.  The 
chief  peculiarity  of  these  engines  is  the  use  of  the  Belpaire  boiler. 
In  these  boilers  the  fire-box  is  55  inches  long  inside  and  43  inches 
wide  at  the  bottom,  tapering  to  y2.%  inches  at  the  top.  The 
outside  fire-box  is  62!;^  inches  long  and  49^5  inches  wide  at  the 
bottom,  tapering  to  •>,%%  inches  at  the  top.  The  fire-box  crown- 
sheet  is  stayed  to  the  flat,  external  crown-sheet  by  stay-bolts 
spaced  4 J^  inches  apart;  these  stay-bolts  are  i  inch  diameter 
and  22  inches  long.  The  boiler  is  42  inches  diameter  of  barrel 
and  has  162  tubes,  7  feet  5^  inches  long. 

Electric  Lighting. — Mr  T.  C.  Martin,  in  the  Elrctrical 
World,  gives  the  following  estimate  of  the  progress  made  by 
two  leading  systems  of  electric  lighting  in  the  United  States, 
the  Brush  lights  representing  the  arc  and  the  Edison  the  in- 
candescent svstem.  The  number  of  lights  in  use  has  been  as 
follows. 

Brush  Lights.  Edison  Lights. 


64.856 
98,020 
:.875 
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Mr.  Martin  estimates  the  total  investment  at  the  close  of  1886 
in  local  electric-light  plants  and  in  establishments  for  the 
manufacture  and  repair  of  such  plants  at  $150,750,000. 

Underground  Telegraphs. — .-^t  the  recent  annual  meeting 
of  the  Associated  Chambers  of  Commerce  of  the  United  King- 
dom, Mr.  Linley  Watson  (Scotland)  moved:  "That 
in  consequence  of  the  frequent  interruption  of  telegraphic 
communication  by  storms,  the  Government  be  requested 
to  take  steps  to  have  the  principal  lines  of  wires  con- 
veyed under  ground."  He  explained  that  it  was  only 
intended  to  apply  to  the  great  telegraphic  lines  of  com- 
munic?.tion  which,  in  the  interests  of  the  country,  it  was  so 
necessary  to  maintain  uninterrupted,  and  he  referred  to  the 
serious  wreckage  of  wires  last  month  which  had  paralyzed  the 
commercial  world,  and  said  that  such  breakdowns  would  occur 
again  and  again  until  aerial  wires  were  abandoned,  and  the 
main  lines  were  placed  underground.  The  resolution  was 
agreed  to,  and  it  %vas  determined  that  a  representation  should 
be  made  to  the  Government. 

■Winter  Bridge  over  the  Detroit  River.^A  plan  for  a 
railroad  bridge  over  the  Detroit  River,  to  be  used  only  in  winter 
when  navigation  is  closed,  has  been  submitted  by  Chief  Engi- 
neer J.  D.  Hawks,  of  the  Michigan  Central  Railroad.  The 
plan  is  for  a  bridge  with  two  draw-spans,  one  with  200  feet 
opening  near  the  Michigan  side,  and  one  with  300  feet  opening 
on  the  Canadian  side  of  the  river.  There  will  also  be  five 
fixed  spans,  one  of  200  and  four  of  300  feet  each.  In  addi- 
tion to  these,  there  will  be  a  span  of  400  feet  over  the  main 
channel,  to  be  removed  when  navigation  is  open. 

This  plan  is  said  to  have  met  with  approval  from  a  committee 
of  Congress.  Should  it  be  pressed  it  will  be  strongly  opposed  by 
the  navigation  interests,  whose  representatives  hold,  with  much 
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reason,  that  if  so  expensive  a  structure  is  once  built,  it  will  not 
be  long  before  some  plan  is  devised  for  using  it  in  summer  as 
well  as  in  winter> 

Continuous  Brakes  in  England. — The  return  for  the  six 
months  ended  June  30,  1S86,  showing  the  extent  to  which 
the  continuous  brakes  are  used  on  the  principal  railways  of 
Great  Britain,  has  been  issued.  It  shows  that  the  total 
stock  fitted  with  continuous  brakes,  complying  and  not  com- 
plying with  the  requirements  of  the  Board  of  Trade,  for  the 
six  months  ending  June  30  last,  and    the  stock  nf)t  so  fitted 
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Of  the  total  train  mileage  reported  on  the  railroads  for 
the  half-year,  84  per  cent,  was  run  by  trains  with  continuous 
brakes. 

During  the  halt-year  358  engines  and  3,030  carriages  were 
added  U>  the  number  provided  with  continuous  brakes. 

Railroads  in  Porto  Rico. — The  Spanish  Consul  at  'New 
Orleans,  Senor  Don  Arturo  Baldasano  y  Topete,  has  re- 
ceived a  circular  from  the  home  government  requesting  him 
to  call  the  attention  of  the  public  to  a  recent  decree  con- 
cerning the  construction  of  several  railroads  in  Porto  Rico. 
The  Government  promises  the  parties  who  may  secure  the 
contract  an  interest  of  8  per  cent,  on  the  capital  which  will 
be  invested  by  it,  and  also  the  exclusive  control  of  the  roads 
during  99  years.  The  work  is  to  be  completed  in  6  years. 
A  bond  of  §300,000  and  a  deposit  of  $100,000  are  required 
by  the  contract.  Mr.  Baldasano  states  that  the  work  to  be 
done  consists  of  five  railroads,  which  will  web  the  island  so 
that  every  place  \\'\]]  be  in  close  communication.  The  Con- 
sul thought  this  was  an  opportunity  for  some  southern 
enterprise  to  do  well,  and  therefore  stands  ready  to  give 
any  further  information  desired. 

National  Association  of  Stationary  Engineers.— This 
.\ssociation  has  issued  a  circular  setting  fmih  its  principles 
as  adopted  at  the  annual  convention  held  in  HosKin  in  Septem- 
tember  last.  The  Association  is  not  intended  to  lie  a  trades- 
union  in  the  ordinary  sense,  but  an  association  for  the  purpose 
of  elevating  the  trade  and  putting  it  on  a  better  footing  than 
heretofore.  The  objects  sought  to  be  attained  are  stated  in  the 
circular  as  follows  : 

"I.   To  elevate  the  profession. 

"2.  To  secure  a  legal  or  recognized  status  for  operating  steam 
engineers 

"3.   To  elevate  and  help  its  members. 

"4.   To  secure  the  confidence  of  steam  users. 

"5.   To  prevent  entirely  the  explosion  of  steam  boilers. 

"6.  To  permit  only  licensed  engineers  to  operate  boilers 
under  pressure." 

The  Heaviest  Gun  Made  in  England. — The  first  iio-ton 
gun.  the  heaviest  weapon  ever  made  in  England,  was  safely 
conveyed  to  the  proof  butts  at  Woolwich  Arsenal,  recently, 
for  the  purpose  of  undergoing  its  preliminary  trials.  The 
gun  had  previously  been  placed  on  the  carriage  from  which 
it  will  be  fired,  and  this,  being  fi.xed  on  a  broad-gauge  trolly, 
was  easily  taken  over  the  Arsenal  railway  by  four  large 
locomotive  engines.  The  carriage  weighs  nearly  100  tons, 
independently  of  the  gun.  The  bore  of  the  gun  is  16^  in., 
and  it  wdl  fire  a  projectile  of  1,800  lbs.  weight,  but  the  charge 
of  powder  cannot  be  determined  until  after  full  trial.  The 
proof  wdl  begin  with  a  small  quantity  and  be  gradually  in- 
creased as  the  powers  of  the  gun  are  demonstrated.  A  new 
powder,  specially  manufactured  for  very  large  guns  at  the 
Government  works,  Waltham  Abbey,  will  be  employed  in 
the  experiments.  The  gun  was  supplied  under  contract  by 
the  Elswick  firm.— i£'«,'/««r/«!,'. 

Prices  of  Rails. — The  /ran  Age  gives  an  interesting  state- 
ment of  the  prices  of  steel  and  iron  rails  in  the  United  States 
for  a  series  of  years.  For  the  13  years  from  1S48  to  i860, 
inclusive,  the  average  price  of  iron  rails  was  !|;58  per  ton, 
the  highest  price  being  .^81  in  1854,  and  the  lowest  $43  in 
1851.  In  the  13  years  from  1861  to  1873.  inclusive,  the  aver- 
age price  was  $78.15.  the  highest  price  being  I153.75  (cur- 
rency) in  1S64,  and  the  lowest  .^536. 50  in  1S61.  For  the  nine 
years  from  1874  to  1S82,  inclusive,  the  average  price  was 
#44.43  per  ton,  the  highest  being  $68  in  1880,  the  lowest 
$32.50  in  1877.  With  1882  the  manufacture  of  iron  rails  in 
this  country  practically  ended,  and  the  substitution  of  steel 
on  the  market  was  complete. 

The  price  of  steel  rails  in  the  13  years  from  1874  to  1B86,  in- 
clusive, ranged  from  an  average  of  I94.25  per  ton  (the  highest) 
in  1874,  to  an  average  of  .$28.50  (the  lowest)  in  1885.     The 


avera8:e  price  for  the  13  years  was  $51.39.  The  highest  single 
quotation  was  .Sit?. 50,  early  in  1874;  the  lowest,  $26  in 
1885.  The  present  price  is  about  $40,  which  is  abdve  the 
average  for  the  four  years  from  1883  to  1886,  inclusive. 

Lifeboat  Services. — It  is  reported  that  in  England  during 
the  jiast  year  service  in  saving  life  was  rendered  by  the  gallant 
crews  of  the  lifeboats  of  the  Royal  National  Lifeboat  Institu- 
tion, resulting  in  the  rescue  of  601  persons  from  danger,  and 
in  most  cases  from  death.  In  addition  to  this  long  list  of  ser- 
vices in  saving  life,  it  should  be  added  that  as  many  as  33  ves- 
sels were  saved  by  the  lifeboats  from  total  destruction,  or  were 
helped  by  them  into  a  h,aven  of  safety.  Besides  the  launches 
resulting  in  the  saving  of  life,  the  lifeboats  put  to  sea  as  many 
as  147  times  in  reply  to  signals  of  distress,  only  to  find  either 
that  their  aid  was  not  really  required,  or  that  the  signals  had 
been  made  in  error  or  improperly. 

In  the  year  the  Society  also  gave  rewards  for  the  saving  of 
l5o  lives  by  means  of  shore-boats,  fishing-boats  and  other 
means,  so  that  the  Institution  was  instrumental  in  rescuing  a 
grand  total  of  761  lives  dui-ing  1886,  bringing  up  the  number  of 
lives  it  has  saved  since  its  foundation  to  32,671. 

Heating  Cars  by  Hot  Air. — A  new  method  of  heating 
cars  from  the  locomotive  is  to  bj  tried  on  the  .Allegheny  V 
ley  road.  The  details  are  not  yet  completely  arranged,  b 
the  general  plan  is  described  as  follows  by  General  Superin- 
tendent David  McCargo  :  "  Heated  air  is  absolutely  safe,  and 
can  be  generated  from  the  locomotive  at  a  trifling  expense. 
The  principle  is  similar  to  the  air-brake  principle  and  just  as 
practicable.  An  air-pump  forces  the  air  along  the  cars  for  the 
brake  system.  Why  should  a  pump  not  force  heating  air 
also?  Plenty  of  air  could  be  had  from  the  fire-box  of  the 
engine.  There  is  always  plenty  to  spare,  and  in  fact  large 
quantities  wasted.  The  hot-air  method  would  cause  no  dan- 
ger, because  if  any  break  occurred  there  would  be  no  pos- 
sible chance  of  fire  or  explosion.  Of  course  if  this  plan  is 
adopted  all  locomotives  will  be  equipped  with  suitable  ap- 
pliances to  carry  it  out.  I  mean  both  freight  and  passenger 
engines,  because  the  former  are  sometimes  used  on  pas- 
senger trains." 

Railroad  in  the  Arctic  Circle. — English  papers  announce 
the  opening  of  the  Lulea-Ofoten  railroad,  which  extends  from 
Gellivara  in  Swedish  Lapland  to  the  port  of  Ofoten  on  the 
west  coast  of  Norway.  The  road  is  built  to  carry  iron  ore 
from  the  mountain  range  near  Gellivara  to  Ofoten,  whence  it 
will  be  shipp-d  to  England.  This  ore  is  said  to  contain  70  per 
cent,  of  metallic  iron,  and  with  the  opening  of  the  new  railroad 
it  can  be  delivered  at  English  ports  at  about  the  same  price 
per  ton  as  the  Spanish  ore  from  Bilbao,  which  is  only  50  per 
cent,  metallic  iron.  Gellivara  is  in  latitude  67'  north,  so  that 
the  ea'itern  terminus  of  the  road  is  north  of  the  Arctic  Circle. 
Ofoten  is  only  .-i  little  south  of  that  circle,  but  it  is  stated  that 
the  influence  of  the  Gulf  Stream  keeps  the  avera,ge  winter 
temperature  ilown  to  about  2i '  Fahr.,  so  that  no  trouble  is 
expected  from  the  closing  of  the  port  by  ice.  It  mav  be  sup- 
posed, however,  that  a  railroad  so  far  north  would  have  some 
trouble  from  snow,  especially  us  much  of  thj  line  is  in  a  moun- 

Cost  and  Consumption  of  Oil  on  British  Railways.— The 

detailed  accounts  of  the  Manchester,  Sheffield  &  Lincolnshire 
Company,  says  '//le  Engineer,  show  a  result  which  will  surprise 
many  of  our  readers  in  the  fact  that  the  saving  effected  in  the 
locomotive  department — the  chief  one  in  economy — is  due, 
in  a  great  measure,  to  "oil  and  tallow."  That  a  saving  of 
nearlv  ^2  000  could  be  effected  in  this  one  item  alone  need  not 
be  cause  for  astonishment,  when  we  consider  the  enormous 
consumption  of  these  articles  for  lubricating  and  illuminating 
purposes.  A  contemporary  gives  the  annual  consumption  of 
oil  upon  the  railways  of  the  United  Kingdom  roughly,  as  fol- 
lows ;  Engineer's  department,  ;f30,ooo.  Locomotive  depart- 
ment, running,  /a 2 5, 000  ;  shops,  .;f25,ooo  ;  carriage  lighting. 
/,"40,ooo  .  Traffic  department,  ^^40,000  ;  general  ofiBces,  etc., 
2io,ooo.  Total  estimated  cost,  ;f  370,000  ;  or,  say,  at  6d.  per 
gallon,  14,800,000  gallons  a  year.  The  average  cost  per  train 
mile  of  "oil,  tallow  and  waste,"  in  the  locomotive  running  ex- 
penses is  o.267d.  per  train  mile.  Oil  by  itself  may  be  taken  at 
about  0.2  per  train  mile,  which,  on  a  fair  aggregate  mileage, 
would  give  the  /,'225,ooo  above  estimated  as  the  cost  in  this 
department  on  all  the  lines. 

New  York  Underground  Railroad.— This  company  has 
been  reorganized,  and  a  contract  for  building  the  road  has 
been  let  10  the  United  States  Subway  Company.  Appli- 
cation has  been  made  to  the  Commissioner  of  Public  Works 
for  authoriiy  to  open  the  streets  in  order  to  begin  the 
work.  The  excavation  required  will  be  25  feet  wide  and  15 
feet  deep.      The  directors  claim  that  th;    company's  charter 
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gives  all  iheautliority  needed  to  build  the  road,  and  that  nearly 
all  the  property  owners  alontj  the  proposed  rouii-  are  in 
favor  of  it.  The  proposed  route  is  from  Broadway,  under 
City  Hall  Park  to  Brooklyn  I5ridge,  thence  up  Center  street 
to  City  Hall  Place,  thence  to  Mulberry  Street,  northerly  to 
HleecUr  Street  to  Lafayette  Place,  under  Lafayette  Place  to 
Astor  Place,  under  Astor  Place  and  Poole  s  Theatre  to  Fourth 
Avenue  at  the  Stewart  Building,  thence  north  under  Union 
Square  to  Broadway,  up  Broadway  to  Eighteenth  Street, 
thence  to  Madison  Avenue  and  under  Madison  .Avenue  to  the 
Harlem  River. 

A  branch  will  run  from  Broadway  and  Ivghteenth  Street  to 
the  southwest  corner  of  Central  Park,  and  another  branch  from 
City  Hall  Park  to  the  Battery. 

Coast  Survey  Work. — Lieutenant  Pillsbury,  commanding 
the  Jilakt-.  has  started  south  for  the  season's  work,  and  will 
run  several  lines  of  current  observations  from  Cuba  to  Yuca- 
tan, and  from  Cuba  to  Florida  Reef,  and  thence  northward  to 
San  Antonio.  This  is  a  continuation  of  the  work  of  last  year, 
which  was  so  successful.  The  connection  between  the  veloc- 
ity of  the  Gulf  Stream  and  the  advent  of  the  tidal  wave  on  our 
coast  has  been  accurately  determined,  and  the  credit  for  this 
important  discovery  is  due  to  Lieutenant  Pillsbury. 

The  steamer  Pullersoii,  which  has  been  laid  up  since  last 
October  at  the  Mare  Island  Navy  Yard,  is  being  overhauled 
and  painted,  to  return  to  survey  work  on  the  Alaska  coast 
early  in  the  coming  spring. 

Lieutenant  William  H.  Emory,  who  commanded  the  Bear 
on  the  Greely  relief  expedition,  has  been  ordered  to  the  Thetis 
and  will  shortly  sail  for  Alaska.  He  will  investigate  the  seal- 
fisheries,  and  has  received  special  instructions  regarding  the 
boundary  line  between  Alaska  and  the  British  possessions. 

Racing  Yacht  on  a  New  Model.— Lieutenant  S.  Sea- 
bury,  U.  S.  N.,  has  designed  a  new  type  of  sloop  yacht 
which  is  a  compromise  between  the  "skimming-dish"  and 
"  cutter."  The  vessel  submitted  has  been  given  a  load  line  as 
fine  aft  as  it  is  forward  while  the  smaller  angles  of  the  cross 
sections  with  the  center  line  insure  a  smaller  change  in 
the  flotation  plane  by  inclination.  Naturally,  a  loss  of  ini- 
tial stability  results,  but  then  the  greater  draught  en- 
ables ballast  to  be  carried  where  it  will  do  the  most  good. 
The  proposed  vessel  has  her  greatest  draught  at  the  mid- 
dle of  her  length,  which  is  also  her  greatest  cross  section. 
The  Nc'.u  York  Herald,  which  publishes  plans  of  Lieut. 
Seabury's  yacht,  says:  "As  an  interesting  experiment 
her  plans  are  worthy  of  close  study,  and  her  performance  when 
built  will  be  watched  with  eager  curiosity  by  nautical  men. 
Her  designer  believes  in  her,  and  if  she  accomplishes  half 
what  is  claimed  for  her  she  is  perhaps  destined  to  make  a  great 
revolution  in  the  present  methods  of  yacht  construction  in  both 
the  United  States  and  Great  Britain." 

New  York  Water  Supply.— The  New  York  Aqueduct  Com- 
mission has  resolved,  with  only  one  dissenting  vote,  in  favor 
of  building  the  proposed  Quaker  Bridge  Dam,  in  order  to  pro- 
vide an  additional  storage  reservoir.  The  water-shed  of  the 
Croton  River,  it  is  believed,  will  yield  a  sufficient  supply  for 
the  city  for  many  years  to  come,  but  the  present  storage  ca- 
pacity is  insufficient,  and  in  seasons  of  high  water  much  water 
passes  over  the  dam  and  is  wasted.  The  new  dam  will  form  a 
reservoir  or  lake  holding  about  34,000,000,000  gallons  more 
than  can  be  stored  at  present. 

The  proposed  new  dam,  if  built  in  accordance  with  the  pre- 
liminary plans  submitted  by  the  Engineers,  will  be  1,025  fe^t 
long.  It  will  be  in  the  center  17S  feet  high  from  the  present 
bed  of  the  river  and  278  feet  from  the  rock  foundation,  which 
will  be  100  feet  below  the  river-bed.  It  is  below  the  old  Croton 
Dam  and  will  be  about  35  feet  higher  than  that  structure,  which 
will  thus  be  submerged  entirely  when  the  reservoir  formed  by 
the  new  dam  is  full. 

This  vote  of  the  Commission  closes  a  long  controversy  over 
the  best  means  of  meeting  the  difficulties  in  the  case. 

A  Prairie  Snow  Yacht.— Dr.  H.  M.  Wheeler,  of  Grand 
Forks,  Dak.,  has  designed  and  built  a  modified  form  of  ice- 
boat for  his  own  use.  His  new  craft  sails  over  the  snow  on 
the  prairies  at  the  rate  of  from  13  to  16  miles  an  hour,  and 
even  faster  when  there  is  a  good  hard  crust  on  the  snow. 
The  yacht  is  32  feet  in  length,  width  abeam  14  feet,  mast 
20  feet,  main  boom  22  feet,  gaff  12  feet,  jibboom  ii^^  feet. 
The  runners  are  strong  toboggans  9  feet  long,  the  front  ones 
being  i  foot,  and  the  rear  ones  6  inches  wide.  The  front 
runners  have  a  central  shoe  2  feet  long,  projecting  \]i  inches 
to  prevent  drifting.  The  body  of  the  boat  is  raised  above 
the  runners  I  foot.  The  frame  work  is  3  feet  across  the  stern, 
and  the  tiller  is  attached  directly  to  the  rear  runner.  Dr. 
Wheeler  says  in  his  letter  :    "  Our  country  is  a  vast  table  land. 


.ind,  with  the  exceptions  of  ravines  and  water  courses,  is  ap- 
parently as  level  as  the  Moor.  Wc  have  no  fences,  except 
small  enclosures  forstock,  hence  we  have  plenty  of  'sea  room.' 
My  mast  is  as  high  as  will  go  under  telegraph  wires,  and 
even  now  sometimes  encounters  them,  on  which  account  I 
have  rigged  an  iron  fender,  shaped  like  an  old-fashioned  figure 
4,  with  a  line  running  from  front  angle  to  bowsprit.  When 
the  front  face  of  this  4  sljikes  a  telegraph  wire  the  wire 
bounds  up  and  over  it  and  fhc  yacht  passes  along." 

English  Trade  Unions.— An  appendix  to  the  report  of  the 
Chief  Registrar  of  Friendly  Societies  for  1885  furnishes  a  list 
of  207  trade  unions  in  England,  together  with  details  of  their 
organization.  It  appears  that  the  oldest  union  which  is  still  in 
active  exisleru  c-  is  the  Steam  Engine  Makers'  Society,  which 
has  its  heal. j:  II 1'  i  ,  :  Muirhestcr  and  was  established  in  1824. 

Then  conn     ii i    Union  of  Operative  Carpenters  and 

Joiners  sin  )  ;.i..lin    1827,  and   the  United    Society 

of   Boilei-Tii.il.i  I       Hill    li.in    Ship-builders,  of  Newcastle-upon- 
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senleil  on  the  list  of  unions,  but  there  are  also  in  addition  such 
industries  as  stuH  makers-up,  card-setting  machine  tenters, 
drillers  and  cutters  of  the  River  Wear,  Dutch  yeast  importers, 
trimmers  and  teemers,  crabbers  and  singers,  silk  bailers,  pot- 
ters' mold-makers,  card  and  blowing-room  operatives,  boot- 
top  cutters,  hammermen,  tin-canister  makers,  carriage  straight- 
eners,  tape  sizers,  chippers  and  drillers,  and  rundlet  coopers. 
The  amalgamated  chimney  sweeps  have  a  separate  union,  as 
likewise  have  the  amalgamated  showmen  and  amusement 
caterers.  The  latter  union,  however,  was  very  short-lived ; 
founded  in  1SS4,  it  was  dissolved  in  1886. 

Russian  Oil-Pipe  Line.— The  Russian  Government  has  just 
granted  a  concession  for  a  pipe-line  to  connect  the  Baku  oil- 
fields with  tbe  port  of  Batoum  on  the  Black  Sea.  The  conces- 
sion is  to  last  20  years,  with  the  proviso  that  the  first  line  shall 
be  completed  within  three  years.  The  Government  not  only 
guarantees  no  interest,  but  stipulates  that  the  pipe-line  com- 
pany shall  not,  during  the  term  of  concession,  own  or  have  any 
interest  in  either  oil  wells  or  oil  refineries.  Wherever  the  lines 
traverse  Government  lands,  no  charge  for  right  of  way  will  be 
made,  and  everywhere  the  company  will  have  the  same  rights 
and  privileges  as  are  granted  to  railroads.  One-third  of  the 
pipes  must  be  constructed  in  Russia,  unless  such  is  proved  to 
be  impossible.  The  tariff  for  the  pumpage  of  the  oil  has  been 
fixed  at  from  10  to  11  copecks  a  pound,  equal  to  about  i.io 
cents  a  gallon. 

The  whole  length  of  the  line  will  be  603  miles.  The  pipe- 
laying  will  be  easy  all  along,  except  where  the  line  crosses  the 
Caucasian  Mountains  This  will  be  accomplished  at  the  Suram 
Pass,  which  is  about  3,000  feet  above  the  sea-level,  by  a  series 
of  pumping  stations  furnished  with  large  Worthington  pumps. 
The  gravity  of  the  oil  itself  will  carry  it  from  the  summit  of 
the  pass  down  to  the  sea-level  at   Batoum. 

Open-Hearth  Steel  Production. — The  American  Iron  & 
Steel  Association  gives  the  production  of  open-hearth  steel 
in  the  United  States  last  year  at  245,606  tons,  against 
149,381  in  1885. 

"The  output  of  open-hearth  steel  in  1886  was  produced  by 
31  old  and  8  new  plants,  located  in  eight  States — New  Hamp- 
shire, Massachusetts,  New  York,  New  Jersey,  Pennsylvania, 
Ohio,  Illinois  and  California.  Of  the  new  plants  one  is  in  Mass- 
achusetts, 6  in  Pennsylvania  and  one  in  Ohio.  Three  open- 
hearth  plants  built  prior  to  i886  were  not  in  operation  in  that 
year.  At  the  close  of  1886  there  were  also  9  new  open-hearth 
plants  which  had  either  been  built  in  that  year  but  not  put  in 
operation,  or  were  then  building  or  were  projected  bv  respon- 
i  sible  parties.  Of  these  5  were  in  Pennsylvania,  2  in  Ohio  and 
2  in  Indiana. 

"Pennsylvania's  share  of  the  total  production  of  1S86  was 
over  70  per  cent. 

"  The  quantity  of  open-hearth  castings  produced  in  1S86  was 
not  materially  larger  than  in  previous  years,  and  was  re- 
latively very  small.  The  quantity  of  open-hearth  steel  rails 
produced  in  1886  by  open-hearth  works  was  also  very  small, 
amounting  to  only  5,255  net  tons,  which  were  made  in  Penn- 
sylvania and  California.    Of  the  whole  quantity  2,518  net  tons 

Transmission  of  Power  by  Compressed  Air.- A  company 
is  about  to  make  the  experiment  in  Birmingham,  England,  of 
transmitting  power  by  compressed  air  over  an  area  of  about  one 
square  mile  and  a  half,  which  will  include  about  twenty-three 
miles  of  main  pipes.  Commenting  on  this  a  writer  in  Nature 
says  : 

"  This  is  the  first  time  that  an  experiment  of  this  kind  has 
been  tried  in  Britain.  Power  is  distributed  from  a  central  sta- 
tion at  Hull  by  the   hydraulic  system,  but  transmission   by  air 
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has  hitheric)  only  been  tried  in  small  inslallalions  at  mines, 
quarries,  in  sinking  piers,  as  at  the  Fourth  HriilKC,  and  in  tun- 
nel-boring. In  mines  and  tunnels  it  has  very  evident  advan- 
tages, in  that  it  keeps  up  a  continual  supply  of  fresh,  cold  air 
where  ventilation  is  very  much  needed  ;  and  therefore  its  un- 
doubted success  at  the  St.  Gothard  works  does  not  demonstrate 
its  certainty  of  success  for  the  distribution  of  power  on  a  large 
scale  to  the  workshops  of  a  town  where  the  atmosphere  is 
bareably  pure.  Moreover,  the  pipe  system  of  these  small  in- 
stallations have  not  been  sufficiently  long  and  complicated  to  test 
in  any  severe  sense  the  liability  to  loss  by  friction,  leakage  and 
variation  of  temperature. 

"  The  results  of  the  present  experiment  will  therefore  be  of 
the  utmost  scientific  value  to  engineers,  and  will  be  watched 
with  corresponding  interest." 

School  for  Inventors. — Professor  R.  H.  Thurston  writes 
to  the  Scienlific  American  that  a  pet  project  of  the  laic  John 
Roach  was  the  foundation  of  a  school  for  inventors.  In 
this  school  he  "would  make  it  possible  for  the  needy  in- 
ventor to  find  all  the  tools,  apparatus  for  experimentation, 
facilities  for  construction  and  operation  of  his  invention; 
whatever,  in  fact,  he  might  in  any  way  find  useful  in  its 
development,  and  even  the  aid  of  experienced  mechanics  and 
of  learned  men  of  science,  all  placed  freely  at  his  disposal; 
so  that  he  might,  quietly  and  comfortably,  go  about  his 
work  with  an  assurance  that,  if  there  was  anything  at  all  in 
his  notion,  it  should  be  most  certainly  and  promptly  and 
effectively  given  working  form  and  useful  application. 

"Mr.  Roach  believed,  as  he  said,  that  such  an  institution 
might,  if  properly  organized  and  well  managed,  be  made  to 
return  to  the  country  many  times  its  cost  by  securing  the 
immediate  development  of  valuable  inventions  and  their 
prompt  applications  where,  without  such  aid,  they  might  lie 
dormant  and  useless  for  years,  or  even  be  lost  to  the 
world  altogether.  As  he  put  it,  the  successful  development 
of  a  single  such  invention  might  give  to  the  world  the 
equivalent  of  millions  of  dollars  in  facilitating  production, 
saving  lives  and  property  or  in  promoting  the  comfort  of 
the  people." 

Mr.  Roach  died  before  he  felt  himself  in  a  position  to 
carry  out  this  project,   and  his  ideas  remained  undeveloped. 

New  Use  for  Blast-Furnace  Slag.— The  American  Manu- 
facturer sa.ys  that  Mr.  John  Q.  Everson  and  two  well-known 
capitalists  of  Pittsburgh  are  organizing  a  company  for  the 
purpose  of  converting  blast-furnace  slag  into  mortar  and  other 
building  material. 

Mr.  Everson  has  experimented  for  some  time  and  finds  that 
if  certain  materials,  known  to  himself,  are  added  to  the  slag 
when  it  is  run  from  the  blast  furnace  into  a  pit  prepared  for 
that  purpose,  that  it  forms  a  hard  substance  suitable  for  mak- 
ing mortar,  pavements,  etc. 

It  is  the  intention  of  the  new  company  to  at  once  erect  a 
plant  convenient  to  some  large  blast  furnaces.  The  capital  stock 
will  be  sufficient  to  erect  a  plant  large  enough  to  supply  the  ' 
demand  for  material  next  year. 

After  experimenting  with  this  slag  compound  for  nearly  three 
years,  Mr.  Everson  has  arrived  at  the  conclusion  that  the  uses 
to  which  it  can  be  put  are  manifold,  and  he  feels  certain  that 
before  many  months  its  manufacture  will  be  one  of  the  great 
industries  of  Pittsburgh  and  vicinity.  His  experiments,  he 
claims,  have  shown  him  that  blast-furnace  slag  makes  the  best 
and  cheapest  mortar.  The  bricks  are  durable  and  do  not  re- 
quire any  kiln  drying.  The  blocks  made  from  it  can  be  used 
in  place  of  stone  sills,  lintels,  cornices  and  belting  course.  It 
is  excellent  for  cellar  walls,  as  it  keeps  out  all  dampness.  It 
will  also,  it  is  claimed,  make  a  substantial  and  durable  pave- 
ment. The  making  of  subway  conduits  for  electric  wires  is 
another  use  suggested  for  the  new  material. 

Hardened  Petroleum  as  Fuel. — .\  report  recently  made  to 
the  Russian  Government  by  Dr.  Kauflfman  says  :  "  Petroleum, 
which  is  a  hydrocarbon  of  the  so-called  methane  group,  may 
te  saponified  just  like  the  oils,  fats,  fatty  acids  and  wax,  thus 
oxidizing  the  oil  and  combining  it  with  soda  or  potassa  salts. 
For  this  purpose  the  oil  is  heated,  and  from  I  to  3  per  cent,  of 
its  weight  of  common  soap  is  added,  with  which  it  is  boiled  for 
about  half  an  hour.  After  that  time  it  will  be  noticed  that  the 
soap  is  all  dissolved  in  the  oil,  and  the  fluid  will  suddenly  turn 
into  a  hardened  putty-like  substance  which  will  get  as  hard  as 
stiff  tallow  when  cold.  This  may  be  pressed  into  any  shape  de- 
sired. The  substance  is  very  hard  to  light  and  burns  very 
slowly,  without  making  any  smoke,  with  a  reddish  flame  pro- 
ducing great  heat,  and  leaving  about  2  per  cent,  odorless,  black 
and  hard  residuum.  Compared  with  coal,  it  burns  about  three 
times  slower,  producing,  if  the  draught  be  well  regulated,  about 
seven  times  more  heat  than  anthracite  coal.  It  could  well  be 
used  in  a  stove  specially  constructed  for  the  purpose,  or  in  the 


old  stoves,  if  these  are  changed,  which  will  not  be  Very  difficult. 
It  is,  therefore,  very  probable  that  petroleum  will  take  the  place 
of  coal  in  many  instances,  in  the  near  future,  which  fact  stove 
manufacturers  will  have  to  take  into  consideration." 

Should  these  statements  prove  correct,  it  is  claimed  that 
solidified  petroleum  can  be  put  on  the  market  at  lower  rates 
than  coal,  as  it  can  be  piped  to  convenient  points  at  less  ex- 
pense than  coal  can  be  carried,  and  the  works  for  solidifying 
can  be  placed  wherever  desired. 

Steel  Rail  Production. — The  production  of  Bessemer  steel 
and  steel  rails  for  last  year  and  1S85  is  given  by  the  Bulletin  of 
the  American  Iron  and  Steel  Association  as  follows,  in  net  tons: 
1886.  1885.         Increase. 

Ingots  2,541,403      1,701.762      839.731 

Steel  rails 1,749.809      1,074,607      675,292 

Last  year  69  per  cent,  of  the  total  production  of  steel  ingots  was 
converted  into  rails,  against  63  per  cent,  in  1885. 

Last  year  59  per  cent  of  the  ingots  and  63  per  cent,  of  the 
rails  were  made  in  Pennsylvania  ;  21  per  cent,  of  the  ingots  and 
25  per  cent,  of  the  rails  in  Illinois,  the  balance  in  other  States. 

The  production,  both  of  ingots  and  rails,  was  the  largest  on 
record  in  the  United  States.  In  the  total  production  of  ingots 
46,371  tons  made  by  the  Clapp-Griffiths  process  are  included. 

The  Bulletin  say?,:  ,  "The  extraordinary  production  of  Bes- 
semer steel  in  1886  was  chiefly  the  result  of  great  activity  by  the 
large  plants  of  the  country  which  had  been  established  prior  to 
that  year.  Only  a  small  part  of  it,  about  100,000  tons,  was  due 
to  the  starting  up  of  new  plants.  *  *  It  is  just  20  years 
since  Bessemer  steel  was  first  made  in  this  country  as  a  com- 
mercial product.  In  1867  we  made  2,277  gross  tons  of  Besse- 
mer steel  rails.  In  recent  years  we  have  frequently  made  more 
Bessemer  steel  ingots  and  more  Bessemer  steel  rails  than  Great 
Britain,  but,  as  our  production  of  open-hearth  steel  was  always 
much  less  than  that  of  the  mother  country,  we  could  never  until 
now  say  that  our  aggregate  production  of  steel  exceeded  hers  in 
any  year.  In  1880.  however,  we  not  only  made  more  Bessemer 
steel  ingots  and  Bessemer  steel  rails  than  Great  Britain,  but  our 
aggregate  production  of  steel,  open-hearth  and  crucible  included, 
was  very  much  larger." 

Blast  Furnaces  of  the  United  States. — The  record  kept 
by  the  /ran  Age  gives  the  number  and  capacity  of  furnaces  in 
blast  in  the  United  States  on  February  i  as  follows: 

Fuel.  Number.        Weekly  Capacity. 

Anthracite 136  40.956 

Bituminous  and  Cokt 144  78,957 

Charcoal 58  9.649 

Total 33S  129.562 

As  compared  with  January  1.  the  anthracite  furnaces  show 
an  increase  of  6  in  number  and  220  tons  in  weekly  capacity; 
the  bituminous  furnaces,  an  increase  of  7  in  number  and  5,535 
tons  in  capacity;  the  charcoal  furnaces,  a  decrease  of  I  in  num- 
ber and  1,052  tons  in  capacity. 

New  Railroad  Built  in  1886. — The  following  statement 
of  new  railroad  built  in  the  United  States  in  1886  is  issued 
bv  Messrs.   Poor  &  Greenough,  publishers  of  Poor's  Manualr 

Miles. 

Kew  England 41 

Middle  States 374 

Central  Northern  Slates 1,232 

South  Atlantic  States 1.019 

Mississippi  \'aney  States  339 

Southwestern  States  and 'I  irr  11    I  irs  2,427 

Northwestern  Stales  and  Tin .-  2,578 

Pacific  States  and  Tcrrito^H■^  638 

Total 8,648 

"This  makes  the  total  mileage  in  the  United  States  at 
the  close  of  the  year  137,615  miles.  The  reports  received 
from  the  various  railroad  companies,  of  work  which  is  in 
progress  or  under  contemplation,  indicate  that  construction 
during  the  year  1887  will  amount  to  not  less  than  :2,ooo  miles, 
unless  some  serious  convulsion  should  occur  to  reverse  plans 
which  are  now  entertained. 

"This  estimate  is  confirmed  by  engagements  which  have 
been  made  in  advance  for  the  current  year  with  rail  mills 
and  other  manufacturers  of  railroad  plant." 

Portable  Railroad  Bridges. — A  late  number  of  La  Genie 
Civile  describes  a  new  system  of  portable  railroad  bridges, 
for  which  simplicity  of  construction  and  ease  of  erection  are 
claimed.  The  bridges  are  constructed  of  a  number  of  tri- 
angular pieces  formed  of  angle-iron  joined  together  by  gus- 
sets riveted  in  the  workshop.  The  pieces  are  bolted  together 
to  form  continuous  girders  up  to  a  length  of  148  feet,  and, 
being  made  of  steel,  can  bear  a  strain  of  6'j'  tons  per  square 
inch  of  section.  The  triangles  are  isosceles,  20  feet  lon.g 
and  10  feet  high  and  weigh  802  lbs.  and  are  the  heaviest 
parts  of  the  bridge.  Each  girder  is  terminated  by  a  half- 
piece  10  feet  limg,  and  provided  with  an  upri.ght,  and  weigh- 
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in^c  639  lbs.  The  ties  are  of  an  angle-iron  form,  10  feet  I 
long,  and  weighing  386  lbs.  The  above  pieces  serve  for  the  | 
construction  i>f  three  different  types  of  girders — namely,  a 
single  girder.  10  feet  I  Inch  high,  for  bridges  up  to  49^ 
feet  span  ;  ii  double  girder  of  the  same  height  for  bridges 
not  exceeding  98^^  feet  span  ;  and,  lastly,  a  double  girder, 
19  feet  4  Inches  high,  for  bridges  of  from  ()Syi  to  I47j^  feel 
span.  The  weight  of  these  bridges  varies  between  13^ 
tons  for  bridges  of  49;^  feet  span  and  7733  tons  for  the 
heaviest  form  of  bridge  of  1475;>  f*^^'  span.  It  Is  stated  that, 
owing  to  the  small  number  of  bolts  re(|ulrcd  to  connect  the 
several  pieces,  the  lightness  and  small  number  of  parts  and 
the  simplicity  of  the  joints,  the  erection  of  the  girders  Is  both 
simple  and  rapid,  and  can  be  effected  on  scaffolding  or  by 
rolling  out.  One  of  these  bridges  has  been  used  for  the  pas- 
sage of  the  Orleans  Railway  across  the  river  Oust  during  the 
rebuilding  of  three  bridges  crossing  the  river.  The  same 
bridge  was  em|)loyed  at  the  three  sites  successively,  and  the 
largest  of  the  four  spans,  having  a  length  of  88^  feet  and 
weighing  33  tons,  was  put  together  and  rolled  out  into  posi- 
tion in  twenty  hours.  This  bridge  bore  the  trial  test-loads 
without  any  permanent  deflection  ;  it  carried  the  traffic  for 
about  150  days  altogether,  and,  like  other  bridges  of  this  type, 
proved  satisfactorily  rigid. 

Pig  Iron  Production  in  the  United  States.— The  Bi'//.-- 
lin  of  the  American  Iron  and  Steel  Association  says:  "The 
production  of  pig-iron  In  this  country  in  each  year  from  1880  to 
1SS6  was  as  follows.  In  both  net  and  gross  tons. 

Years.  Net  tons.        Gross  tons. 

■880 4.293,414  3,835-"9' 

>88i 4,641.564  4,144,254 

1882.  5,178,122  4,623,321 

'88l 5,146,972  4.S05.5'o 

■884 4,589.t.n  4.°97,868 

1885. 4,529,869  4,044,526 

1886 6.366,688  5,684,543 

■'Our  production  of  pig  iron  In  1886,  classified  according  to 
the  fuel  used,  was  as  follows,  in  net  tons,  compared  with  the 
production  in  1884  and  1S85. 

Kuclused.  1884.  1885.  1886. 

Bituminous 2,544,742  2,<J75,635  3.806,174 

Anthracite 1,586,453  i.454.39o  2,099.597 

Charcoal 458,418  399.844  460,917 

"The  anthracite  figures  include  all  pig-iron  made  with  mi.xed 
anthracite  and  coke,  as  well  as  that  made  with  anthracite  alone. 
In  18S6  the  total  quantity  of  pig-iron  made  with  anthracite 
alone  was  only  443,746  net  tons. 

"There  was  a  gratifying  increase  in  our  production  of 
spiegeleisen  in  1886,  which  is  Included  in  the  figures  of  total 
production  of  pig-iron.  We  made  47,982  net  tons  In  1886, 
against  34,671  tons  in  18S5.  Only  New  Jersey  and  Pennsyl- 
vania made  spiegeleisen  In  i885,butin  18S6  Colorado  made 
932  net  tons  In  addition  to  the  production  of  the  two  other 
States  mentioned. 

"The  gain  in  production  in  the  last  six  months  of  1S86 
over  the  first  six  months  was  chiefly  In  Pennsylvania  and  Illi- 
nois. The  total  gain  In  the  country  at  large  was  458,270  net 
tons,  and  to  this  gain  Pennsylvania  and  Illinois  jointly  con- 
tributed 320,238  net  tons.  The  great  activity  in  the  manufac- 
ture of  Bessemer  steel  in  these  two  States  in  the  last  half  of 
the  year  mainly  accounts  for  their  increased  production  of  pig- 
iron." 

Technical  Education. — At  the  last  meeting  ot  the  School 
Principals'  Association  In  New  York,  Dr.  W.  H.  J.  Sieberg 
gave  a  lecture  on  Technical  Education.  After  faying  that  the 
question  of  introducing  manual  training  into  education  dated 
back  two  centuries.  Dr.  Sieberg  said  the  reasons  which  called 
for  technical  education  were  most  pressing.  They  were  mani- 
fest in  the  almost  universal  tendency  of  public  school  pupils  to 
enter  the  professions  or  clerical  pursuits,  leaving  skilled  labor 
to  be  undertaken  by  foreigners.  This  distaste  for  manual 
labor  and  contempt  for  all  kinds  of  mechanical  arts  is  the  nat- 
ural result  of  the  almost  exclusive  training  of  memory  and  the 
reasoning  powers.  Education  should  fit  a  man  to  work  with 
his  hands  and  eyes  as  well  as  with  his  memory.  The  pupil 
should  not  be  influenced  in  the  direction  of  commercial  pursuit 
any  more  than  in  the  direction  of  any  of  the  trades.  One  of 
the  greatest  difficulties  to  overcome  was  the  education  of  the 
teachers  themselves.  They,  as  yet,  did  not  understand  what 
was  to  be  taught. 

Mr.  Henry  Leipziger,  Principal  of  the  Hebrew  Technical 
Institute,  at  No.  34  Stuyvesant  Street,  New  York,  followed  with 
an  address  warmly  advocating  the  introduction  of  technical 
training  and  emphasizing  the  difference  between  it  and  indus- 
trial or  trade  instruction.  He  showed  some  wonderfully  good 
specimens  of  mechanical  drawing,  joinery  and  casting  done  by 
boys  In  his  school  between  the  ages  of  12  and  14.  He  stated 
that  in  the  three  years  in  which  Ills  school  had  been  in  exist- 
ence not  one  case  which  could  be  called  a  breach   of  discipline 


had  occurred.  "  Whatever  evil  there  may  be  in  the  boys,"  said 
Mr  Leipziger,  "  is  worked  off  through  their  fingers,  and  I 
actually  have  hard  work  sometimes  to  get  the  boys  away  from 
the  school-room  at  the  closing  hour,  so  fully  are  their  energies 
engaged." 

Considerable  discussion  followed  this  address,  and  the  gene- 
ral opinion  was  that  though  New  York  public  schools  were 
among  the  best  managed  and  r«pst  successful  in  the  world,  the 
results  of  this  technical  school  were,  as  one  gentleman  ex- 
pressed It,  "  most  humiliating  to  us  as  compare<l  with  the  re- 
sults of  the  old,  spelling-book  method." 

Imperial  Institiite  of  the  United  Kingdom,  the  Colonies 
and  India. — It  Is  proposed  to  establish  In  London,  In  com- 
memoration of  the  jubilee  year  of  Queen  Victoria's  reign,  an 
Imperial  Institute  which,  as  expressed  by  the  Prince  of  Wales, 
at  a  recent  meeting  of  the  members  of  the  organizing  com- 
mittee held  in  London,  "will  form  a  practical  means  of  com- 
munication between  our  colonial  settlers  and  those  persons  at 
home  who  may  benefit  by  emigration.  *  »  •  i  there 
fore  commend  to  you  as  the  leading  idea  I  entertain  that  the 
Institute  should  be  regarded  as  a  center  for  extending  knowl- 
edge In  relation  to  the  industrial  resources  and  commerce  of  the 
Queen's  dominions.  With  this  view  it  should  be  in  constant 
touch,  not  only  with  the  chief  manufacturing  districts  of  this, 
country,  but  also  with  all  the  colonies  and  India.  *  *  *  Xhe 
Imperial  Institute  should  be  a  supplement  to,  and  not  a  com- 
petitor with,  other  institutions  for  technical  education  in 
science  and  art  both  at  home  and  In  the  colonies.  At  the  same- 
time,  I  trust  that  the  Institute  will  be  able  to  stimulate  and  aid 
local  efforts  by  directing  scholarships  for  the  working  classes 
into  suitable  channels,  and  by  other  similar  means.  (Hear, 
hear! )  Though  the  Institute  does  not  engage  in  the  direct  ob- 
ject of  systematic  technical  education.  It  may  well  be  the  means, 
of  promoting  it  as  its  purpose  is  to  extend  an  exact  knowledge 
of  the  industrial  resources  of  the  Empire.  It  will  be  a  place  of 
study  and  resort  for  producers  and  consumers  from  the  colonies 
and  India  when  they  visit  this  country  for  business  or  pleasure, 
and  they,  as  well  as  the  merchants  and  manufacturers  of  the 
United  Kingdom,  will  find  in  its  collections,  libraries,  confer- 
ence and  intelligence  rooms  the  means  of  extending  the  com- 
merce and  of  improving  the  manufacturing  industries  of  the 
Empire." 

At  another  meeting  to  promote  the  Institute,  Professor  Hux- 
ley said  that  "his  memory  went  back  far  enough  to  call  to 
mind  with  great  vividness  a  period  when  industry,  or,  at  least 
the  chiefs  and  the  leaders  of  industry,  looked  very  much  as- 
kance at  science.  The  practical  man  then  prided  himself  on 
caring  nothing  for  it,  and  made  It  a  point  to  disbelieve  that  any 
advantage  to  industry  could  be  gained  by  the  growth  of  what 
he  was  pleased  to  call  abstract  and  theoretic  knowledge.  But 
within  the  last  30  years,  more  particularly,  that  state  of  things 
had  entirely  changed.  There  began  in  the  first  place  a  slight 
flirtation  between  science  and  industry,  and  that  flirtation  had 
grown  into  an  intimacy,  he  might  almost  say  courtship,  until 
those  who  watched  the  signs  of  the  times,  saw  that  it  was  high 
time  that  the  young  people  married  and  set  up  an  establish- 
ment for  themselves.  (Laughter  and  cheers.)  This  great 
scheme  from  his  point  of  view  was  the  public  and  ceremonial 
marriage  of  science  and  industry.  (Hear,  hear  !)  It  was  the 
recognition  on  the  part  of  those  persons  who  were  best  able  to 
jud.ge  of  what  were  the  wants  of  the  industry  of  the  time,  that 
if  they  were  to  be  developed  In  a  way  proportionate  to  their 
importance  they  must  be  developed  by  scientific  methods  and 
by  the  help  of  a  thoroughly  srientific  nrtjanlzation." 

A  Locomotive  for  Sharp  Curves.— The  Taunton  Loco- 
motive Works  have  just  c<jmpletcd  a  lucomotive  for  local  pas- 
senger service  on  the  Providence,  Warren  &  Bristol  road,  which 
has  been  built  with  special  reference  to  working  over  the  very 
sharp  curve  by  which  that  road  enters  Providence.  This  curve 
was  laid  out  about  a  year  ago  by  Mr.  Waterman  Stone,  Super- 
intendent and  Engineer  of  the  road.  Beginning  with  a  radius 
of  271  feet,  the  radius  of  curvature  decreases  every  50  feet  until 
a  minimum  of  211  feet  is  reached.  At  the  end  of  this  curve  the 
radius  is  increased  every  It  feet  until  a  tangent  is  reached. 

The  new  locomotive,  which  Is  named  the  Annawomscutt.  Is 
of  the  Forney  pattern  with  the  addition  of  a  four-wheel  truck 
in  front.  It  has  17  X  20  inch  cylinders  and  drivers  63  inches 
diameter;  one  pair  of  drivers  have  flanged  tires  5%  inches 
space,  the  other  blank  tires  7  inches  face.  The  driving-wheel 
base  is  6  feet  9  inches  ;  the  total  wheel  base,  31  feet  2  Inches. 
The  boiler  is  54  Inches  diameter  of  barrel,  and  has  170  tubes 
2  inches  diameter  and  10  feet  10  inches  long.  The  fire-box  Is 
60  inches  long  and  34f^  inches  wide  inside  ;  the  fuel  is  soft  coal. 

The  arrangement  of  the  trucks  is  described  as  follows : 
"The  engine  and  tender  are  all  borne  on  one  rigid  frame,  in 
which  the  four  coupled  driving-wheels  are  placed  as  in  an  ordi- 
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Depth. 


Umbria  . 
Etruria. . 
Servia... 


Le  Bretagne 

La  Bourgogne  . 
La  Champagne 
La  Gascogne. . . 
Alaska 


Normandie.. 
Westernland. 

Saale 

Trave 

Aller 

City  of  Berlii 


City  of 
Eider . 


Ems. .. 
Fulda 
Wcrra. 
Belsrav 


•S4 

7800 

Soo 

'82 

ll'i 

5>5 
470 

'86 

S08.6 

508.7 

7008 

508.7 

6932 

■11 

432 

459 

'5^ 

5736 

455 

5500 

455 

5491 

«3 

400.7 

'«i 

430 

450 

5M7 

'8s 

5109 

450 

5080 

398.2 

57.: 


38.8 

,..(, 

38.4 

38.3 

50.6 

38 

5- -3 

35.8 

50 

37 

:^ 

^^ 

48 

38 

48 

38 

34-9 

3t^ 

33.6 

46 

34-5 

4b 

36 

46 

36 

Elbe 

England 

Egyptian  Monarch. 

Egypt.... 

France  (Fr.) 

Amerique — 

City  of  Richmond  . 


City  of  Chester 

Spain 

Oty  of  Montreal... 

The  Queen 

Grecian  Monarch. 


Hammonia 

Italy 

Anchoria  

State  of  Nebraska. 

Ethiopia 

Lydian  Monarch. . 
Adr 


■65 

4647 

384 

'64 

4637 

'64 
'73 

4607 

452.6 

456s 

475 

425.4 

bf 

4364 

38. 

■63 

390.7 

4'"^ 

400 

4247 

375 

,70 
74 

tltl 

480 

4000 

385 

402 

39.6 

360 

3888 

3867 

437-» 

'65 

7> 

3707 

420 

7" 

3707 

420 

3704 

'70 

3700 

378 

nary  eight-wlicckd  engine     There  is  a  leading  truck  of  four 
wheels  and  a  tender  truck  of  six  wheels.     The  engine  is  set 
upon  these  (wo  trucks  in  a  new  and  quite  peculiar  manner,  and 
on  their  smooth  working  depends  her  successful  passage  of  the 
great  curve.     The  trucks  arc  both  swiveling  upon   a   center 
bearing  and  oscillating,  having  a  play  or  slide  of   1  foot,  or  6 
inches  right  and  left.     The  center  bearing  of  the  truck  is  made 
broad  and  concave,  the  angle  of  inclination  of  the  sides  of   the 
dish-shaped  bearing  differing  in  the  tender  truck  from  the  lead- 
ing truck  on   account  of  the  greater  weight   at  that   end  of  the 
machine.     Between  this  and  the  complementary  convex  bear- 
ing, supporting  the  frame  on  either  truck,  are  interposed  hard 
steel  rolls,  the  forward  truck  two  and  the  tender  truck  four, 
working  freely  in  their  bearings.     When  the  engine  strikes  a    I 
curve  the  extremes  of  the  frame   will   be  carried  out   over  the    | 
outside  of   the  curve,  and  the  trucks  following,  the  rails   will     | 
bring  the  weight  upon  the  roller  bearings,  which  will  tend  to    | 
bring  the  truck  back  to  the  true  center  bearing  when  the  tan- 
gent is  reached.     The  trucks  at   the  extremes   of  the  machine    j 
thus  looking  after  themselves  upon   curves    the   rear  pair  of    1 
drivers  only  need  strictly  follow  the  main  line  of  track,  the 
broad  tread  of  forward  drivers,   which  are  blank,   allowing  a    j 
considerable  side   motion.     The  engine   truck  is   entirely    for- 
ward of  the  cylinders,  and  its  wheel-base  is  but  3  feet  2  inches, 
reminding  one  of  the  close-wheeled   leading  truck  of  an  old- 
fashioned  inside-connected  engine." 

The  engine  truck  wheels  are  2b  inches,  and  the  tender  wheels 
30  inches  diameter  ;  they  are  all  of  Krupp  steel. 

The  engine  weighs,   empty,  99,700  lbs.,  of  which  13,500  lbs. 
are  on  the  forward  truck,  55,000  on  the  drivers  and  31,200  lbs.     1 
on  the  tender  truck.     The  tank  will  hold  2, 200  gallons  of  water, 
and  the  tender  will  hold  three  tons  of  coal.  1 

The   Size   of   Ocean   Steamships. — The   following   table 
gives    the  name,  date  of  contruction,  tonnage,  length,  breadth    | 
and  depth  of  the  principal  steamships  plying  between  European 
and  American  shores  : 

Name.  Built,    tonnage.  Length. 
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Celtic 

Denmark 

Republic 

Baftic 

Wisconsin 

Other  well-known  ships  are  the  France,  State  of  Nn^ada, 
State  of  Pennsylvania,  Monarch,  Rhynland,  Abyssinia,  Aus- 
tralia, Lessing,  Wyoming,  Miigia,  Belgenlami,  Wietand,  State  of 
Alabama,  Westphalia,  Pennland,  Zeeland,  Assyrian  Monaieh, 
State  of  Georgia,  Bohemia,  State  of  Indiana,  Atadia,  Nederland, 
Alexandria  and  Assyria.  These  register  from  3.600  to  1,082 
tons.     The  Acadia  is  the  smallest.  —  The  Engineer. 


Improvement  of  New  York  Harbor. — At  a  recent  meeting 
of  the  Engineers'  Club  of  Philadelphia,  Prof.  L.  M.  Haupt 
made  some  remarks  on  the  plans  for  the  improvement  of  New 
York  Harbor,  and  on  a  pamphlet  on  the  subject  recently  is- 
sued by  the  New  York  Chamber  of  Commerce.  These  remarks 
are  reported  in  the  Proceedings  of  the  Club  as  follows  :  "  He 
said,  with  reference  to  the  jetty  plan  proposed  by  the  Board  of 
U.  S.  Engineers,  that  he  had  previously  given  his  comments 
in  his  papers  entitled  Harbor  Studies,  which  are  now  published 
in  Vol.  V,  No.  4,  of  the  Proceedings.  There  were  a  few  state- 
ments, however,  in  the  circular  issued  by  the  Chamber  of  Com- 
merce to  which  he  desired  to  call  attention,  since  he  believed 
that  the  plan  proposed  in  said  pamphlet  was  based  upon  a  mis- 
conception of  the  intensity  of  the  forces  operating  at  the  outlet- 
of  the  East  Channel. 

"  In  describing  the  forces  available  for  the  purpose  of  main- 
taining a  channel  by  tidal  currents,  the  author  of  the  paper  has 
divideti  them  into  two  principal  groups.  One,  composed  of 
the  waters  passing  through  the  Narrows  ;  the  other,  of  those 
from  Raritan  Bay  and  its  adjacent  drainage  areas.  The  report 
then  adds  :  '  Both  of  these  forces  pass  seaward  between  Sandy 
Hook  and  Coney  Island,  being  divided  by  the  Dry  Romer 
Shoal,  and  it  is  estimated  that  the  quantities  of  Hood-tide  waters 
are  almost  identical  on  either  side  of  the  shoal,  while  the  ebb- 
tide waters  are  from  10  to  15  per  cent,  stronger  over  the  East 
Bank  and  through  the  channels  north  than  through  the  chan- 
nels on  the  south  side  of  the  shoal.  It  is  probable  that  none 
of  the  waters  that  pass  through  the  Narrows  on  the  ebb  tide 
ever  flow  south  of  this  shoal,  except  at  the  seaward  end  of  the 
bar,  and  under  special  conditions,  such  as  high  freshets,  or  the 
backing  up  of  the  waters  by  unusual  winds." 

"  If  this  statement  were  true,  Sandy  Hook  would  soon  be  cut 
down  to  a  short  spit,  and  the  main  ship  channel,  instead  of 
having  over  67  feet  in  depth,  would  become  subordinate  to  the 
East  Channel.  Moreover,  were  there  no  considerable  stream  of 
water  flowing  south  of  the  west  end  of  the  East  Channel,  there 
could  be  no  cause  for  the  well-defined  valley  extending  into 
Sandy  Hook  Bay.  The  form  of  the  bottom  is  such  as  to  con- 
tradict mostemphaticallythisstatement.  Therecanbeno  doubt 
but  that  a  large  portion  of  the  discharge  passing  through  the 
Narrows  impinges  upon  the  New  Jersey  shore  of  Sandy  Hook 
Bay,  is  then  reflected  along  the  west  side  of  the  Hook,  and 
thence  deflected  to  the  eastward  through  the  main  channel.  At 
the  mouth  of  the  East  Channel  there  is  a  bar  at  least  two  miles 
in  length  between  the  30  feet  curves,  and  having,  according  to 
the  latest  surveys,  a  least  depth  of  ig.5  feet,  requiring  the  re- 
moval of  over  4,600,000  cubic  yards.  To  remove  this,  there  is 
a  jk;/<(«  resultant  of  considerable  power  operating  in  the  di- 
rection of  the  ebb  tide,  but  which,  according  to  Prof.  Mitchell, 
does  not  extend  to  a  depth  of  12  feet,  and  consequently  can 
have  no  material  elTect  upon  the  bottom.  At  Gedney's  Chan- 
nel, on  the  contrary,  the  bar  is  but  J-/  mile  in  length  with  a 
least  depth  of  23.3  feet  and  containing  only  760,000  cubic 
yards,  whilst  the  resultant  scouring  forces  extend  to  below  30 
feet  at  a  point  just  inside  of  the  entrance.  .\\\  the  reports 
agree  in  stating  that  the  tidal  forces  in  this  channel  exceed 
those  of  any  other  locality.  Hence,  it  is  believed  that,  not- 
withstanding the  desirability  of  improving  the  shorter  route 
via  the  East  Channel,  the  cost  and  difficulties  of  such  an  un- 
dertaking by  tidal  scour  would  be  so  great  as  probably  to  ren- 
der it  impracticable,  whilst  the  conditions  at  the  head  of  Ged- 
ney's Channel  are  exceptionally  favorable  for  such  an  improve- 
ment. 

"The  limited  resources  of  the  engineers  having  charge  of 
works  of  this  description  is  shown  by  the  following  extract 
from  a  report  made  upon  one  of  the  most  important  ports  of  en- 
try in  the  Gulf.  '  Deeper  water  on  the  bar  is  needed,  and  the 
question  to  be  considered  is,  how  that  deep  water  can  be  obtained. 
■|  he  methods  are  two  :  (i)  by  dredging  alone  ;  (2)  by  using  ti- 
dal scour  between  jetties,  aided,  if  necessary,  by  dredging.  As  to 
the  first  method,  it  has  already  been  tried  unsuccessfully,' etc. 

"  From  this  statement  it  appears  that  the  element  of  deflec- 
tion of  surface  currents  by  means  of  floating  deflectors  for  the 
purpose  of  producing  bottom  scours,  does  not  appear  to  have 
entered  into  the  problem  ;  and  yet  it  is  believed  to  be  a  more 
important  and  potent  factor  than  any  hitherto  considered.  It 
was  believed  by  the  speaker  that  a  combination  of  this  princi- 
ple of  vertical  deflection,  with  an  increase  in  the  prism  of  dis- 
charge through  any  given  section,  by  properly  arranged  lateral 
wings,  would  secure  the  desired  depth  with  a  comparatively 
small  expenditure  of  time  and  money. 

"  Copies  of  old  charts  of  the  vicinity  of  Sandy  Hook  were 
also  exhibited,  extending  back  over  150  years  and  showing  a 
minimuTi  depth  on  the  Ijar  of  3.5  fathoms,  as  well  as  the  phe- 
nomenally deep  basin  ai  the  western  end  of  Gedney's  Channel, 
to  which  allusion  has  been  made  in  the  Studies  recently  sub- 
mitted." 
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NEW  YORK,  APRIL,   1887. 

The  office  of  the  Railroad  and  Engineering  Jour- 
nal will,  on  May  i  next,  be  removed  from  No.  23  Mur- 
ray-street to  No.  45  Broadway,  New- York  City.  All  com- 
munications intended  for  the  Journal,  its  proprietor  or 
its  editors,  should  be  addressed  to  No.  45  Broadway  from 
May  I  next. 

The  carefully  prepared  table  which  we  reprint  in 
another  column  shows  that  up  to  the  adjournment 
of  Congress,  on  March  4,  the  Navy  Department  had 
been  authorized  to  construct  ten  steel  cruisers  and 
fighting  vessels  of  large  size,  five  gunboats,  one  dyna- 
mite cruijer  and  one  torpedo  boat,  and  also  to  com- 
plete the  five  double-turreted  monitors  which  have  for 
years  been  in  an  unfinished  condition.  This  will  give  the 
Navy  a  total  of  22  vessels  built  and  armed  in  accordance 
with  modern  practice,  four  of  which  are  already  in  com- 
mission or  will  shortly  be  so.  The  total  amount  appro- 
priated for  these  vessels  has  been  $31,000,000,  a  very  re- 
spectable sum,  and  in  additioi:  the  amount  of  $2,150,000 
has  been  appropriated  for  torpedoes  and  for  special  vessels 
for  harbor  defense. 

There  is  no  doubt  that  the  judicious  expenditure  of  the 
appropriations  will  be  ol  great  service  in  giving  the  coun- 
try the  beginning  or  foundation  of  a  navy  worthy  of  its 
reputation  and  standing,  and  armed  in  accordance  with 
modern  ideas. 

The  Army  did  not  fare  so  well  as  the  Navy  in  the  late 
Congress,  the  Fortification  bill  having  failed  in  the  hurry 
of  the  close  of  the  session.  Little  or  nothing  can 
therefore  be  done  in  the  way  of  new  forts  or  armament 
during  the  present  year,  but  there  will  doubtless  be  much 
discussion  over  the  many  plans  proposed.  The  old  gun- 
and-armor  controversy  continues  active,  and  arguments 
have  been  brought  up  on  both  sides  of  the  question,  al- 
though it  would  seem  that  nothing  more  could  be 
learned  by  discussion,  and  that  the  time  had  arrived  when 


actual  expi-rinient  is  nociled.  So  much  has  been  (|r)ne  in 
this  line  in  Europe,  however,  that  such  experiments  as 
can  be  made  in  this  country  will  add  but  little  to  our 
actual  knowledge,  except,  perhaps,  in  one  direction. 

The  use  of  the  Rodman  gun,  or  of  guns  cast  on  the 
Rodman  plan,  substituting  steel  for  the  cast-iron  origin- 
ally used,  is  urged  by  Mr.  William  Metcalf,  in  his  paper 
read  before  the  American  Society  of  Civil  Engineers,  an 
abstract  of  which  will  be  found  in  another  column.  Mr. 
Metcalf  is  a  high  authority  on  all  questions  relating  to 
steel,  and  his  paper  certainly  presents  a  very  strong  argu- 
ment in  favor  of  the  Rodman  gun,  as  opposed  to  the 
"  built-up  "  gun  of  forged  steel— so  strong  as  to  make  it 
appear  wise  to  give  this  system  a  thorough  trial  before 
spending  large  amounts  in  turning  out  guns  on  the  more 
expensive  plan  which  has  found  favor  in  Europe. 

The  execution  of  the  Interstate  Commerce  bill  is  to  be 
j  entrusted  to  a  board  composed  of  lawyers.  One  of  these 
lawyers,  however,  has  had  a  large  experience  in  railroad 
cases  and  is  considered  high  authority  not  only  on  railroad 
law,  but  also  on  questions  of  traffic  and  rates.  Another 
has  been  engaged  in  important  railroad  cases,  while  a  third 
has  had  four  years'  experience  as  head  of  a  State  commis- 
sion under  a  law  which  permits  very  strict  regulation  of 
railroads.  To  obtain  the  services  of  a  man  with  practical 
experience  in  railroad  management  and  of  a  standing  high 
enough  to  command  public  confidence  would  have  been 
extremely  difficult,  if  not  impossible,  and  the  President 
has  made  about  the  best  commission  that  could  have  been 
selected  under  the  circumstances. 

In  March,  as  in  February,  the  meetings  of  the  various 
railroad  clubs  were  largely  occupied  in  discussing  the 
question  of  car  heating.  Not  much  that  was  new  was 
brought  forward  at  any  of  the  meetings,  the  time  being 
largely  taken  at  all  by  explanations  of  various  systems  of 
heating,  either  proposed  or  in  actual  use.  Very  little 
more  can  be  done  in  an  expenmental  way  this  season,  and 
the  subject  will  go  over  to  next  winter,  when,  probably, 
the  interest  in  it  will  be  less  active  than  now,  lacking  the 
stimulus  given  by  the  terrible  accidents  of  the  past  winter. 

A  VERY  common  opinion  seems  to  have  been  pretty  ac- 
curately summed  up  by  Mr.  Lauder  at  the  New  York  meet- 
ing, when  he  expressed  his  belief  that  "continuous  heat- 
ing" was  bound  to  become  as  general  in  its  application  to 
passenger  trains  as  continuous  brakes.  He  had  not  yet 
seen  his  way  clear  to  the  adoption  of  any  of  the  proposed 
systems,  but  he  had  very  little  doubt  that  one  would  be 
devised  that  would  meet  all  the  present  objections.  The 
main  point  which  Mr.  Lauder  urged  was  the  adoption  of 
a  uniform  coupling  which  should  make  it  possible  to  ex- 
change passenger  cars  without  interfering  with  the  heating 
arrangements. 

Mr.  Forsythe,  speaking  in  Chicago  at  almost  the  same 
time,  expressed  views  very  nearly  identical  with  those 
of  Mr.  Lauder,  and,  like  him,  expressed  pretty  accurately 
a  general  current  of  opinion. 

The  use  of  electric  motors  for  light  machinery  in  towns 
and  cities,  where  power  can  be  transmitted  from  a  central 
station,  presents  a  very  promising  field  for  the  future. 
There  is  a  large  and  increasing  demand  for  power  in  nearly 
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all  our  cities,  and  if  the  electricians  can  meet  this  demand 
by  motors  which  are  easily  controlled,  safe  and  not  too 
expensive,  there  is  no  doubt  that  they  have  a  great  oppor- 
tunity. A  paper  read  at  the  Electric  Light  convention  in 
Philadelphia  by  Mr.  Sprague  called  out  much  discussion 
and  much  interest  among  electrical  engineers.  The  use 
of  electricity  in  transmitting  power  is  still  in  the  first 
stages  of  development,  and  much  is  to  be  expected  from 
it  in  this  direction. 


THE  EFFECT  OF  COLD  ON  RAILROAD  AXLES. 

'  I  '  HAT  cold  makes  iron  and  steel  brittle  is  the  general 
■*■  opinion  of  people  who  have  more  practical  experi- 
ence than  scientific  knowledge.  But  notwithstanding  this 
popular  impression  the  e.xperinientswhich  have  been  made 
by  scientists  show  very  contradictory  results.  Some  of 
them  assert  that  "  the  absolute  or  tensile  strength  of  iron 
and  steel  is  not  diminished  by  cold,"  and  Dr.  Poule,  after 
making  a  series  of  experiments,  concluded  that  "  frost  does 
not  make  either  iron  (cast  or  wrought)  or  steel  brittle." 
Other  investigators  have,  however,  reached  quite  different 
conclusions.  But  the  common  experience  of  practical 
men  and  scientific  investigation  both  indicate  that  when 
iron  or  steel  is  at  a  very  low  temperature  the  effect  of 
transverse  sudden  impact  is  very  different  from  that  of  a 
steady  tensile  strain,  and  that  when  such  metal  is  warm  it 
is  less  liable  to  fracture  by  a  sudden  blow  than  when  it  is 
cold.  To  throw  some  light  on  this  important  subject  Mr. 
Thomas  Andrews  made  a  series  of  experiments  with  full- 
sized  railway  "  carriage  "  axles,  manufactured  at  the 
Wortley  Iron  Works.  These  a.xles  were  made  from  clean 
selected  scrap  iron.  Forty-two  complete  axles  were 
tested,  and  the  results  of  his  researches  are  given  in  a 
paper  published  by  the  Institute  of  Civil  Engineers.  The 
axles  were  tested  by  the  impact  of  a  falling  weight  of  2,240 
lbs.  Two  tanks  were  arranged  so  that  some  of  the  axles 
were  immersed  in  a  freezing  mixture  in  the  one  tank, 
and  others  were  placed  in  a  warm-water  bath  in  the  other 
tank.  Great  care  was  taken  to  ascertain  the  temperatures 
of  the  axles  that  were  tested.  After  being  immersed  in 
the  freezing  mixture  or  the  warm  bath  they  were  care- 
fully adjusted  in  the  supports — 3  ft.  6  in.  apart — of  the 
testing  apparatus.  The  ball,  or  test  weight,  was  then  al- 
lowed to  fall  on  the  center  of  the  axle  from  the  elevation 
recorded.  The  axle  was  then  re-immersed  in  one  of  the 
tanks,  and  again  withdrawn  and  placed  in  the  testing  ap- 
paratus, receiving  another  blow  from  the  ball,  but  in  a  re- 
verse direction  from  the  first,  as  the  axles  in  each  case 
were  half  turned  over  after  everj'  blow.  In  the  first  set 
of  experiments  one  axle,  tested  at  a  temperature  of  from 
7°  to  10  Fahrenheit,  broke  after  the  third  blow  of  the 
weight  falling  10  ft.,  and  another  broke  after  the  second 
blow.  Three  others  were  similarly  tested  at  a  tempera- 
ture of  212°.  They  broke  after  the  fifth,  seventh  and 
thirteenth  blows  respectively. 

In  another  series  of  tests  the  axles  were  subjected  to  the 
blows  of  the  weight  falling  15  ft.  Two  of  them  also  were 
at  a  temperature  of  7°  and  two  at  120°.  The  cold  axles 
both  broke  after  the  second  blow,  and  one  of  the  warm 
ones  broke  after  the  third,  and  the  other  after  the  fifth 
blow. 

A  third  series  of  tests  was  made  with  some  axles  at  a 
temperature  of  from  7"  to  10°  and  others  at  100^,  with  the 


weight  falling  10  ft.     For  convenience  of  comparison  the 
three  series  of  tests  are  tabulated  below": 

FIRST  SET  OF    lESTS.  WEIt;HT  FALLING   lO  FEET. 


.■\.x!c  S,..  J  mows.  Axle  No.  1 

.SECOND  SET  OF  TESTS,  WEIGHT  FALLING 

TEMPERATUKE  OF  AXI.E    7°  tO  lo".  TKMl'ERATl  KE  "I 

a  Blows.  Axle  No.  lo 


FOURTH   SET  OF  TESTS,  WEIGHT  FALLING 


TEMPERATl^RE  ( 

Axle  No.  13     I 


With  reference  to  these  experiments  the  author  of  this 
paper  says;  "  It  will  be  noticed  that  Nos.  15.  16,  19  and 
29  of  the  cold  tests  appeared  exceptional  to  the  general 
principle,  enduring  a  greater  total  mean  force  before  de- 
struction than  the  axles  in  the  warm  tests  of  this  set.  The 
respective  halves,  therefore,  of  each  of  these  axles,  were 
turned  down  to  4>^  inches  diameter  throughout  and  again 
tested,  the  one  half  at  a  temperature  of  10°  F.,  and  the 
other  at  100°  F.,  but  otherwise  underthe  equal  conditions 
employed  in  case  of  these  axles  when  whole."  In  the  sec- 
ond tests  the  warm  half  in  each  case  had  very-  much 
greater  resistance  than  the  cold  half,  of  which  the  author 
says  :  "  From  this  it  will  be  seen  that  the  results  were 
confirmatory  of  the  rule;  the  apparent  deviation  from  the 
general  uniformity  was  possibly  due  to  some  molecular 
difference  in  the  material  composing  the  several  axles." 

Of  the  fourth  set  of  tests  the  experimenter  remarks 
that,  "Although  these  axles  afforded  exceptions  to  the 
general  principle,  yet  when  the  halves  of  each  axle  were 
again  tested  respectively  at  7°  and  100,  the  warm  axles 
stood  considerably  more  than  the  cold." 

While  the  preponderance  of  evidence  furnished  by  the 
above  experiments  indicates  that  the  warm  axles  had 
greater  power  of  resisting  the  blows  to  which  they  were 
subjected  than  the  cold  ones  had,  yet  the  results  are  not 
at  all  conclusive.  To  explain  a  deviation  of  the  behavior 
of  some  axles  from  the  others  by  saying  that  it  "  was  pos- 
sibly due  to  some  molecular  difference  in  the  material 
composing  the  several  axles  "  is,  in  substance,  saying  that 
the  tests  proved  what  the  experimenter  did  not  expect  or 
want  them  to  prove.  If  the  greater  power  of  endurance 
of  some  of  the  cold  axles  is  "  due  to  some  molecular  dif- 
ference," then  it  is  of  the  utmost  importance  to  find  out 
the  real  nature  and  cause  of  that  difference,  and,  if  pos- 
sible, learn  how  to  make  axles  having  a  molecular  struc- 
ture which  will  give  such  an  increased  power  of  resistance. 
It  may  be,  and  probably  is,  true  that  one  kind  of  material 
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will  resist  blows  better  when  cold  than  when  it  is  warm, 
while  another  quality  might  stand  more  at  a  high  lem- 
pcraiure  than  at  a  low  one. 

Furthermore  it  may  be  that  a  cold  a.xle.  of  a  given 
quality,  will  resist  light  blows  better  than  a  warm  one, 
whereas  the  reverse  might  be  true  if  the  blows  were  heavy. 
It  is  said  to  be  a  well-known  fact,  that  steam-hammer 
piston-rods,  made  of  hard  steel,  will  stand  many  times 
longer  than  soft  steel ;  whereas,  if  they  were  subjected  to 
transverse  destructive  blows,  similar  to  those  with  which 
the  axles  were  tested,  no  doubt  soft  steel  would  stand 
more  of  them  than  hard  steel.  The  author  of  the  paper 
■quoted  from  says  "  that  an  increase  in  the  extent  of  the 
first  deflection  at  the  first  blow  has  an  influence  on  the 
after  endurance  of  an  axle,  and  consequently  he  is  of 
opinion  that  in  testing  axles  by  impact,  the  application  of 
a  number  of  lesser  impacts  is  preferable  to  the  extremely 
heavy  test-blows  required  in  the  specifications  of  some 
railway  companies." 

An  examination  of  broken  journals  generally  shows 
that  the  fracture  commences  with  a  circumferential  crack 
at  the  throat  or  inside  fillet.  These  cracks  appear  to  ex- 
tend gradually  toward  the  center  of  the  axle  until  the 
amount  of  solid  metal  which  remains  is  not  sufficient  to 
hold  up  the  load  on  it.  How  long  it  takes  for  such  frac- 
ture to  extend  from  the  surface  inward  is  probably  not 
known,  but  it  appears  certain  that  what  should  be  aimed 
at  is  to  prevent  the  initial  fracture  at  the  surface  and  it 
may  well  be  that  a  hard  and  comparatively  brittle  ma- 
terial will  do  this  better  than  one  which  is  soft  and  duc- 
tile, while,  at  the  same  time  the  former  would  stand 
fewer  destructive  blows  than  the  latter. 

All  that  the  experiments  of  Mr.  Andrews  seem  to 
prove  is,  that  with  the  special  quality  of  axles  which  he 
tested,  most  of  the  warm  ones  stood  more  destructive 
blows  than  the  cold  ones  did.  What  the  result  would  be 
if  the  test-blows  were  lighter  or  the  material  different,  it 
remains  for  future  experiments  to  determine. 


THE  BUSSEY  BRIDGE  ACCIDENT. 

A  FTER  a  great  calamity  like  that  which  happened  in 
-^*-  the  Boston  &  Providence  Railroad,  from  the  failure 
of  a  bridge  on  March  14',  there  is  always  a  great  deal  of 
ver\'  loud  interrogation  about  the  cause  of  the  accident, 
and  the  responsibility  for  its  occurrence.  No  doubt  the 
official  investigation  of  the  Railroad  Commissioners  will 
show  the  origin  of  the  disaster,  and  fix  the  blame  where  it 
belongs,  so  that  it  will  hardly  be  worth  while  to  say  any- 
thing now  about  the  construction  of  the  bridge,  especially 
as  all  the  facts  relating  to  it  will  probably  be  brought  out 
more  fully  and  accurately  by  the  official  investigation 
than  they  have  been  by  the  newspapers  or  can  be  by  any 
casual  inspection.  The  fact  that  the  bridge  broke  down 
is  incontrovertible  evidence  of  defective  construction. 
The  question  then  naturally  arises,  were  the  defects  dis- 
coverable, and  if  so,  why  was  it  permitted  to  remain  in 
service .'  The  Boston  &  Providence  Railroad  is  a  rich 
corporation,  abundantly  able,  financially,  to  have  all  its 
equipment  of  the  very  best  kmd.  Its  list  of  officers,  how- 
ever, does  not  show  nor  has  it  appeared  in  the  public  dis- 
cussion that  a  competent  engineer  is  employed  by  the 
Company.  This  probably  means  that  the  responsibility 
for  the  condition  of  the  bridges  on  its  road,  has  not  been 
delegated  to  a   person  with  the   ability  and   experience 


re(juired  10  discover  defects  in  their  design  and  construc- 
tion. This  is  not  unusual,  and  the  importance  of  compe- 
tent engineering  ability,  in  the  management  of  railroads 
is  either  partially  or  entirely  ignored.  Directors  and 
traffic  managers  are  generally  persons  who  have  had  an 
exclusively  mercantile^aining,  the  value  and  importance 
of  which  is  not  questioned.  But  those  who  have  been 
educated  exclusively  in  the  school  of  barter  very  often 
have  a  defective  appreciation  of  the  inexorable  character 
of  physical  laws.  Somehow  or  other  that  kind  of  people 
often  find  it  difficult  to  rid  themselves  of  a  secret,  lurk- 
mg  feeling  that  by  skillful  finesse  they  can  "corner"  the 
laws  of  nature.  This  is  often  amusingly  illustrated  by 
the  way  new  inventions  are  "  promoted  "  in  Wall  Street 
and  its  precincts.  Those  who  engage  in  such  projects 
sometimes  seem  to   regard    the   scientific   principles    on 

t  which  the  invention  depends,  as  a  mere  incident  which 
can  always  be  twisted  to  suit  their  purposes  by  a  hired 
expert.  Inthesame  way,  successful  grocers  and  "  bankers" 
feel,  that  by  dispensing  with  the  services  of  an  engineer,  at 
a  fair  .=alary,  and  delegating  his  duties  to  a  "gang  boss," 
that  they  can  "beat"  the  law  of  gravitation  and  the 
principles  of  statics.  These  often  take  their  revenge,  as 
they  did  on  the  Boston  &  Providence  Railroad,  and  as 
they  have  done  and  will  do  in  other  like  cases. 

Another  very  common  evil  is  that  of  depriving  the  per- 
sons in  charge  of  the  engineering  departments  of  railroads 
of  the  authority  which  they  should  have  if  their  responsi- 
bility is  more  than  a  mere  name.  It  is  of  course  true  that 
the  business  of  a  railroad  is  to  carry  freight  and  passen- 
gers, and  to  get  pay  for  it,  and  that  the  financial  and 
traffic  departments  should  be  conducted  with  reference 
CO  earning  reasonable  dividends,  and  further,  that  this 
conduct  requires  a  special  kind  of  ability,  knowledge  and 
experience  quite  different  from  that  needed  to  construct 
and  maintain  a  railroad  and  its  equipment  so  as  to  give 
the  maximum  efficiency.  But  because  this  is  the  case,  it 
does  not  follow  that  those  in  charge  of  the  permanent 
works  or  machinery  should  be  made  subordinate  to  the 
traffic  or  the  accounting  departments,  as  they  often  are 
There  must  be  a  commander-in-chief  of  some  kind  of 
every  railroad,  with  deputies  below  him.  What  is  advo- 
cated here  is  that  there  should  be,  on  every  railroad,  a  com- 
petent deputy  in  charge  of  the  permanent  engineering 
works  of  the  road  and  another  in  charge  of  the  machinery 
and  rolHng  stock,  and  that  these  deputies   should  have 

j  coordinate  authority  and  power  with  those  in  charge  of 
the  otherdepartments.  If  there  had  been  a  competent  per- 
son entrusted  with  the  responsibility  of  the  bridges  on  the 

j  Boston  &  Providence  Railroad,  with  no  authority  over 
him  excepting  that  of  the  commander-in-chief  and  his 
council,  it  is  not  probable  that  such  a  structure,  as  the 

I  Bussey  bridge  evidently  was,  would  have  been  allowed  to 
remain    in   service.       The    failure   of     the    Glens    Falls 

1  bridge  on  one  of  the  Delaware  &  Hudson  Canal  Com- 
pany's leased  lines  in  1883,  and  that  at  Scottsville  on  the 
Buffalo,  New  York  &  Philadelphia  Railroad,  in  the  same 

\    year,  were  due  to  this  same  lack  of  responsibility.  In  their 

I    report   on   the  former   accident,  the    Railroad    Commis- 

i    sioners  of  New  York  said  :    "  The  Board  also  censures  the 

i  management  of  the  Delaware  &  Hudson  Canal  Company, 
specifically  for  failing  to  have  the  bridges  and  trestles  on 

,  its  lines  of  roads  properly  tested  and  examined.  Through 
the  absence  of  such  examination  under  a  well-regulated 

I    system  this  disaster  occurred.  For  divided  responsibilities 
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and  incompetency  in  the  performance  of  their  duties  by 
subordinates,  such  as  is  here  disclosed,  a  railroad  corpora- 
tion is  primiirily  and  legally  responsible." 

Drawing-Room  Car-Seats. 

'  I  ^  H E  experiment  is  now  being  tried  on  the  Boston  & 
-*•  Albany  Railroad  of  substituting  some  of  M.  N. 
Forney's  double  seats  for  chairs  in  the  drawing-room 
cars.  A  few  of  these  seats  have  been  put  into  several  of 
the  cars,  which  are  now  running  in  the  trains  which  leave 
Boston  and  New  York  daily  at  4.30  P.  M.  For  the  same 
price  that  is  now  paid  for  a  single  chair,  the  passenger  will 
be  entitled  to  the  exclusive  use  of  one  of  these  seats.  The 
chief  attraction  of  drawing-room  cars  for  passengers  is 
their  exclusiveness  ;  that  is,  persons  by  paying  for  it  can 
secure  a  seat  to  themselves.  It  is  not  intended  to  take 
that  feature  away  from  these  cars  by  the  introduction  of 
the  "sofa  seats,"  as  they  are  called,  which  have  all  the  ele- 
ments of  comfort  that  chairs  have.  The  latter  are.  how- 
ever, limited  in  size,  and  do  not  allow  of  much  change  of 
position  to  those  who  occupy  them,  whereas  the  "  sofa 
seats"  give  double  the  space,  and  occupy  no  more  room 
lengthwise  in  the  car  than  the  chairs  do,  so  that  the  rail- 
road company  can  afford  to  give  the  privilege  of  occupy- 
ing the  one  at  the  same  price  that  is  charged  for  the 
other.  The  double  seat,  if  occupied  by  one  person,  gives 
sufficient  room  to  permit  of  more  change  of  position  than 
is  possible  in  a  chair ;  and  it  also  gives  space  for  books, 
baggage  or  parcels.  Revolving  chairs  always  create  a 
liability  of  trespass  by  neighboring  passengers  on  each 
other's  territory,  which,  to  ladies,  is  often  unpleasant,  not 
to  use  a  stronger  term.  Double  seats  with  reversible 
backs  also  have  the  advantage  that  they  allow  passengers 
to  sit  much  nearer  to  the  wmdows  than  is  possible  in  re- 
volving chairs.  Consequently  the  person  in  the  seat  has 
a  much  wider  range  of  vision  when  looking  out  of  the 
window  than  he  has  when  sitting  in  a  chair,  which  must  be 
placed  some  distance  from  the  side  of  the  car  so  as  to  have 
room  to  turn. 

As  mentioned  above  the  sofa  seats  have  been  put  into 
the  cars  referred  to  as  an  experiment ;  that  is,  to  determine 
whether  they  will  be  popular  with  passengers. 

NEW    PUBLICATIONS. 

The  Romance   of    Invention.— By  James  Burnley. 

Cassell  &  Co.   (Limited),  London,  Paris,   New-York 

and  Melbourne. 
In  this  book,  as  the  author  says  in  the  opening  sentence 
of  his  preface,  "  Some  of  the  more  romantic  features  of  the 
history  of  invention  have  been  described,  apart  from  their 
technical  surroundings."  The  book  covers  a  wide  range 
of  subjects  beginning  with  inventions  in  prehistoric  ages, 
and  a  chapter  on  the  dreams  of  the  alchemists,  and  an- 
other on  the  martyrs  of  invention.  The  description  of  the 
persecutions  of  inventors  in  the  "good  old  times,"  when 
people  were  beheaded  and  tortured  because  they  happened 
to  think  dilTerently  from  their  neighbors,  gives  a  picture 
of  society  which  at  the  present  day  seems  to  be  quite  im- 
possible. One  of  the  most  interesting  chapters  in  the 
book  is  that  relating  to  the  phantoms  of  inventors.  The 
chapter  relating  to  the.  inventions  of  persons  for  secret 
murder,  gives  an  insight  into  one  of  the  darkest  phases 
of  human  nature,  which  now,  happily,  has  nearly  or  quite 


disappeared.  The  title  of  the  book  would  perhaps  give 
the  impression  that  it  treated  of  invention  in  the  arts,  to 
which  the  term  is  generally  applied.  Instead  of  that  the 
author  has  burrowed  into  all  kindsof  curious  places,  and  he 
shows  the  many  and  varied  channels  in  which  human  in- 
genuity has  been  employed.  Castles  in  the  air  ;  Inventors 
in  Love;  Poverty  of  Inventors;  Fashion;  Royal  and  No- 
ble Inventors;  Inventions  of  Punishment:  of  Costly 
Machinery;  of  Toys;  Inventors  on  the  Sea ;  Amongst 
the  Wires;  Discoveries  by  Accident;  of  Wheels;  of 
Weapons  ;  of  Cooks ;  of  Music  :  in  Fire  and  Smoke ;  and 
Books  and  Literature — are  the  titles  of  different  chapters. 
The  book  is  written  in  a  popular  style,  and  contains 
much  curious  infoimation.  The  probabilities  are,  though, 
that  a  careful  study  of  the  Lives  of  many  inventors  would 
reveal  much  more  thrilling  romance  than  any  which  the 
author  has  collected  in  his  somewhat  discursive  chapters. 
If  it  were  possible  to  aiscern  and  reveal  the  dreams,  the 
hopes,  the  disappointment  and  often  the  despair  of  those 
whose  expectations  are  centered  in  the  Patent  Office,  it 
would  make  a  picture  more  romantic,  more  pathetic,  and 
often  more  tragic  than  any  of  the  chapters  in  the  book 
before  us. 

BOOKS  RECEIVED. 

Shoppell's  Modern  Houses.  Numbers.  Published 
at  191  Broadway,  New  York.  Containing  designs  for 
houses  and  other  buildings. 

United  States  Geological  Survey— Mineral  Re- 
sources OF  THE  United  States,  1SS5.  Wash- 
ington :  Government  Printing  Office. 

Internal  Commerce  of  the  United  States.  1886. 
Washington  ;  Government  Printing  Office.  This  is 
Part  2  of  the  Report  on  Commerce  and  Navigation, 
prepared  by  Wm.  F.  Switzler,  Chief  of  the  Bureau  of 
Statistics.  It  contains  elaborate  reports  on  the  pro- 
ductions and  trade  of  a  number  of  Southern  States, 
and  some  valuable  statistics  of  Southern  railroad 
traffic. 

Misure  di  Velocita  Nel  Tevere.  Paper  by  Pro- 
fessor lldelbrando  Nazzini.  Published  by  the  Royal 
School  of  Engineers,  Rome,  Italy. 

Annuario  ;  Scuola  d'Applicazione  per  glTngeg- 
neri,  1886-87.  This  includes  the  programme  and 
announcement  of  the  Royal  School  of  Engineers, 
which  is  a  department  of  the  University  of  Rome  ; 
also  catalogues  of  the  library,  etc.  Italian  engineers 
are  taking  high  position  in  Europe,  and  the  faculty 
of  the  School  includes  several  distinguished  names. 

The  Kinds  and  Grades  of  Belting  to  Use  for 
Different  Kinds  of  Work.  The  Page  Belting 
Company,  Concord,  N.  H.  This  pamphlet  contains 
a  number  of  practical  rules  and  directions  for  the 
purchase  and  use  of  belting,  which  will  be  verj-  con- 
venient tor  the  use  of  millwrights  and  others. 

Report  of  the  Regents'  Boundary  Commission  up- 
on THE  New-York  and  Pennsylvania  Bound- 
ary, with  the  Final  Report  of  Major  H.  W. 
Clarke,  C.  E..  Surveyor  for  the  Commission. 
Albany  :     Weed,  Parsons  &  Co. 

The  Journal  of  the  Iron  and  Steel  Institute, 
1886,  Vols.  I.  and  II.  E.  &  F.  N.  Spon,  London 
and  Np'"  '^'ork. 
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Mr.  Estus  Lamb,  for  many  years  a  prominent  manu- 
facturer, died  in  Providence.  R.  1.,  March  9,  aged  77 
years.  Mr.  Lamb  was  hall  owner  of  the  large  cotton 
mills  at  Putnam,  Conn.,  and  was  interested  in  many  other 
■enterprises.  He  liad  been  for  25  years  a  director  of  tlic 
Providence  &  Worcester  Railroad  Company,  and  Presi- 
dent of  the  company  for  three  years  past. 

Lieutenant  Joseph  S.  Powell,  of  the  U.  S.  Signal 
Corps,  died  at  his  residence  in  Washington,  March  14. 
of  softening  of  the  brain.  He  had  just  returned  from 
Omaha.  Lieutenant  Powell  ranked  third  among  the 
Signal  Service  lieutenants,  according  10  seniority,  and  was 
the  first  officer  appointed  after  competitive  examination. 
He  had  a  particular  aptitude  for  indications  work,  and. 
as  he  was  naturally  bright,  he  made  the  best  record  on 
indications  of  any  officer  who  has  ever  done  the  work. 
A  few  months  ago  he  was  sent  to  Omaha  to  take  charge 
of  the  organization  of  a  weather  bureau  tor  the  Union 
Pacific  Railroad. 

CoIM^L^NI>ER  Edward  P.  Lull,  United  States  Navy. 
died  at  the  naval  station  at  Pensacola,  March  5.  at  the  age 
of  51  years.  He  was  a  native  of  X'ermont.  and  in  1851  was 
appointed  to  the  Naval  Academy  from  Wisconsin.  He 
■was  graduated  in  1855, and  up  to  the  outbreak  of  the  War 
he  served  on  the  Congress  in  the  Mediterranean,  and  on 
the  Roniioh-  of  the  home  squadron,  becoming  master  in 
185S,  and  a  lieutenant  in  1S60.  He  took  part  in  the  at- 
tack which  the  /ioanokc-,  a  steam  frigate,  made  on  the  rebel 
forts  at  Hatteras  Inlet  in  July,  1861,  and  in  1862  and  1S63 
was  on  duty  at  the  Naval  Academy.  In  1S62  he  was  com- 
missioned lieutenant  commander,  and  in  the  summer  of 
1864,  on  board  the  famous  steamer  Brooklyn  of  Farragut's 
busy  fleet,  he  participated  in  the  battle  of  Mobile  Bav. 
He  was  honored  by  the  command  of  the  captured  iron- 
clad TcHihsscc.  which  was  attached  to  the  Mississippi 
squadron,  and  joined  in  the  bombardment  of  Fort  Mor- 
gan in  -August.'  1S64.  In  1866  he  was  on  the  Sivata.ra.oi 
the  West  India  squadron,  and  from  1867  to  1869  was  at  the 
Naval  Academy.  In  1870  he  was  commissioned  com- 
mander, and  in  the  following  year  commanded  the  store- 
ship  Cw-^r,/.  In  1S72  he  was  employed  in  tOe  Bureau  of 
Yards  and  Docks,  in  1S73.  and  '74  at  the  torpedo  station. 
and  in  the  two  years  following  was  Ilydrographic  Inspec- 
tor of  the  Coast  Survev. 


Hon.  Edward  Breitung,  one  of  the  pioneers  in  de- 
veloping the  iron  mines  of  the  Lake  Superior  Region, 
died  at  Eastman.  Ga.,  March  3.  aged  56  years.  He  was 
born  and  educated  in  Sa.xe-Meiningen,  Germany,  but 
came  to  this  country  when  19  years  old.  and  settled  in 
Detroit,  Mich.  In  1S55  he  went  to  the  Lake  Superior 
Region  and  opened  a  store  in  Marquette,  then  only  a  vil- 
lage. Soon  after  this  he  commenced  exploring  and  buy- 
ing and  selling  mineral  lands.  He  remained  in  Marquette 
for  four  years,  and  in  1S59  went  to  Negaunee.  where  he 
has  since  resided.  Here  he  engaged  in  mercantile  busi- 
ness, and  also  associated  himself  with  Israel  B.  Case,  and 
they  ran  the  Pioneer  Furnace  under  contract.  In  1864  he 
sold  out  his  business,  and  gave  his  entire  attentioii  to 
mining  and  mining  interests.  During  the  winter  of  1S64- 
1865  he  began  to  open  up  and  develop  the  Washington 
Mine,  and  in  1870  he  began  to  open  up  the  Negaunee 
hematite  range.  No  one  believed  he  would  find  merchan- 
table ore  there,  and  all  thought  the  venture  a  foolish  one. 
But  he  had  confidence  in  his  own  judgment,  and  future 
developments  have  fullv  proved  that  it  was  sound.  In 
the  fall  of  1S71  he  began' to  develop  the  famous  Republic 
Mine.  In  1873  he  commenced  explorations  on  the  Menomi- 
nee Range  and  continued  them  for  three  years.  Here 
again  everybody  believed  that  he  had  embarked  in  a  pro- 
fitless venture,  but,  as  before,  the  issue  verified  the  cor- 
rectness of  his  opinion.  The  immense  amount  of  ore 
taken  out  of  the  mines  on  that  range  fully  justifies  the 
faith  he  had  in  that  section  of  the  Lake  Superior  iron 
field.     In  1882  and  1883  he  became  interested  in  the  Ver- 


milion Iron  Range,  in  Minnesota,  where  once  again  the 
investment  that  he  made  proved  highly  profitable.  Mr. 
Breitung  leaves  a  large  fortune,  the  result  of  his  success- 
ful mining  ventures.  He  represented  the  Marquette  Dis- 
trict in  Congress  for  four  years. 
%    

Captain  James  Buchanan  Eads  died  at  Nassau, 
New  Providence,  March  8.  aged  66  years.  He  had  been 
ill  for  some  time,  and  had  gone  to  Nassau  with  the  hope 
of  improving  his  health,  but  an  attack  of  pneumonia 
added  to  the  complications  of  his  disease  and  carried  him 
suddenly  away. 

Captain  Eads  was  a  native  of  Lawrenceburg,  Ind., 
where  he  was  born  on  May  23,  1820.  He  early  evinced  a 
love  of  mechanics,  and  when  8  years  old  watched  with 
the  greatest  interest  all  machinery  to  which  he  had  ac- 
cess. At  the  age  of  10  his  father,  who  had  removed  to 
Louisville,  fitted  him  up  a  workshop  of  his  own.  and  the 
boy  constructed  models  of  saw  mills,  fire  engines,  steam- 
boats and  other  machines.  In  1833  the  family  removed 
to  St.  Louis,  but  were  reduced  to  poverty  by  the  burning 
of  the  steamboat  on  which  the  father's  property  had  been 
shipped.  Young  Eads  began  life  in  St.  Louis  by  selling 
apples  on  the  street,  but  soon  obtained  a  place  as  clerk  in 
a  store,  and  in  1839  he  secured  a  position  as  purser  of  a 
Mississippi  steamboat.  While  acting  in  this  capacity  he 
took  every  opportunity  to  pursue  his  mechanical  studies 
and  to  acquire  a  complete  knowledge  of  the  great  river, 
which  he  was  afterward  to  turn  to  so  good  an  account. 

In  1842  Captain  Eads  constructed  a  diving-bell  boat  to 
recover  the  cargoes  of  sunken  steamers.  It  was  his  first 
invention  of  practical  benefit,  and  was  soon  followed  by 
a  boat  of  larger  tonnage,  provided  with  machinery  (or 
pumping  out  the  sand  and  water  of  sunken  vessels,  and 
lifting  the  entire  hull  and  cargo.  A  company  was  formed 
to  utilize  this  in\ention,  and  many  valuable  steamers 
were  raised  and  floated  by  this  method.  It  was  while  en- 
gaged in  this  wrecking  business  that  he  gained  a  thorough 
knowledge  of  the  laws  which  control  the  flow  of  silt- 
bearing  rivers,  and  he  was  able  to  say  of  the  Mississippi 
a  few  years  afterward,  that  there  was  not  a  stretch  in  its 
bed  50  miles  long,  between  St.  Louis  an  i  New  Orleans, 
in  which  he  had  not  stood  on  the  bottom  of  the  stream 
beneath  the  shelter  of  a  diving  bell.  In  1845  he  sold  his 
interest  in  this  company  and  established  in  St.  Louis  the 
rirst  glass-ware  manufactory  west  of  the  Ohio  River. 
This  enterprise  failed,  and  he  returned  to  the  business  of 
raising  steamers,  removing  obstructions  from  the  channel, 
and  improving  the  harbor  of  St.  Louis,  a  business  which 
in  the  next  ten  years  produced  him  a  fortune  of  some 
half  a  million  dollars. 

In  1856  Mr,  Eads  made  a  proposition  to  Congress  to 
keep  the  channels  of  the  Mississippi,  Missouri,  Ohio  and 
Arkansas  rivers  free  of  snags,  wrecks  and  other  obstruc- 
tions, but  his  plan  failed  lor  want  of  action  by  the  Senate. 
His  work  on  this  plan,  however,  was  not  forgotten,  and 
early  in  the  war,  when  it  was  decided  that  operations  in 
the 'West  must  follow  the  line  of  the  Mississippi,  he  was 
asked  to  prepare  plans  for  gunboats  to  be  used  on  that 
river  and  its  tributaries.  He  designed  seven  iron-clad 
gunboats  and  took  a  contract  to  build  them,  completing 
the  work  in  a  little  over  two  months,  near  the  end  of 
1S61.  In  1862  he  was  commissioned  to  build  six  more 
armored  iron  gunboats,  four  of  which  were  much  larger 
than  any  of  the  preceding  ones.  While  these  were  under 
way  he  also  had  the  construction  of  four  heavy  mortar 
boats  and  seven  "  tin-clad  "  or  musket- proof  boats.  The 
good  service  which  these  vessels  did  during  the  war  in 
assisting  the  operations  of  the  Army  in  securing  control 
of  the  river  is  a  matter  of  history. 

After  the  close  ot  the  war.  Captain  Eads  undertook 
the  construction  of  the  great  bridge  over  the  Mississippi 
at  St.  Louis.  This  bridge,  with  its  central  steel  arch  of 
525  ft.  span,  and  the  side  arches  of  502  ft.  each,  has  often 
been  described,  and  much  has  been  written  of  the  diffi- 
culties encountered  in  the  erection  of  its  piers,  and  in 
the  sinking  of  the  caissons  on  which  they  stand.  It  was 
finally  completed  and  opened  for  traffic  July  4,  1874, 
nearly  seven  years  after  the  work  was  first  begun. 

LIpon   the   completion    of    the    St.    Louis    Bridge,    he 


151 


THE     RAILROAD     AND 


I  April,  1887. 


began  to  press  his  plans  for  deepening  the  moutli  of  the 
Mississippi  by  jetties,  a  plan  in  which  he  was  opposed  by 
nearly  all  the  United  States  engineers,  a  commission  of 
seven  having  reported  strongly  against  it.  This  commis- 
sion proposed  to  avoid  the  bars  by  constructing  a  canal 
from  Fort  St.  Philip  to  Breton  Bay.  Mr.  Eads'  plan  was 
to  make  the  river  itself  deepen  a  channel  through  the 
bars,  and  he  offered  to  do  tlie  work  at  his  own  expense, 
and  wait  for  his  pay  until  he  demonstrated  its  success. 
He  finally  secured  permission  on  those  conditions  to  at- 
tempt the  improvement  of  the  South  Pass,  the  smallest 
of  the  three,  the  depth  on  the  bar  of  whicli  was  only  8  ft. 
Captain  Eads  at  once  began  the  work  of  coiuracting  the 
width  of  the  current  by  means  of  jetties,  thus  increasing- 
its  rapidity  and  power  of  wearing  away  its  bed.  In  four 
years  the  success  of  the  jetty  system  had  been  demon- 
strated, a  maximum  depth  of  30  ft.  having  been  secured 
throughout  the  jetty  channel.  Mr.  Eads  was  paid  the 
sum  agreed  upon  by  the  Government,  Sj.i-S.i^oo  in  all, 
part  of  which  had  been  paid  in  instalments.  The  current 
of  the  river  has  maintained  its  depth  ever  since,  and  the 
cost  of  the  jetties  was  about  half  that  estimated  for  the 
construction  o(  the  proposed  canal.  . 

Besides  these  works,  Mr.  Eads,  at  the  request  of  the 
governments  and  individuals  particularly  interested,  exa- 
mined and  reported  upon  the  bar  at  the  mouth  of  the  St. 
Tohn's  River.  Florida,  the  improvement  of  the  Sacramento 
River,  the  improvement  of  the  harbor  of  Toronto,  the 
improvement  of  the  port  of  Vera  Cruz,  the  improve- 
ment of  the  harbor  of  Tampico,  the  improvement  of  the 
harbor  of  Galveston,  and  the  estuary  and  port  of  the 
Mersey,  England.  He  was  President  of  the  St.  Louis 
Academy  of  Scienee  for  two  terms,  and  made  an  inau- 
gural address  in  which  was  embodied  a  review  of  the 
recent  achievements  of  science,  and.  in  another,  the  pres- 
ent knowledge  of  the  laws  of  light.  In  18S1  he  made  an 
extemporary  address  before  the  British  Association  at 
York  upon  the  improvement  of  the  Mississippi,  and  also 
upon  the  Tehuantepec  Ship  Canal  which  were,  by  unani- 
mous vote,  ordered  to  be  embodied  in  its  report  of  the 
proceedings,  and  in  June,  1881,  he  was  awarded  the  Al- 
bert Medal  of  the  British  Society  of  Arts,  in  token  of  its 
appreciation  of  the  services  he  had  rendered  to  the 
science  of  engineering — he  being  the  first  American  upon 
whom  this  medal  had  been  conferred.  He  was  also  for 
a  year  Vice-President  of  the  American  Society  of  Civil 
Engineers. 

Captain  Eads  was  not  a  man  to  rest  quietly  on  the  rep- 
utation of  his  past  successes,  however,  and  he  soon  be- 
came interested  in  a  new  project,  the  construction  of  a 
ship  railroad  from  the  Atlantic  to  the  Pacific,  across  the 
Isthmus  of  Tehuantepec.  He  spent  much  time  in  de- 
monstrating the  practicability  of  his  plan,  by  which  ships 
were  to  be  transported  across  in  cars,  loaded  in  cribs 
made  especially  for  the  purpose.  He  argued  that  such  a 
railroad  could  be  built  wherever  a  canal  could,  at  one-half 
the  cost  of  the  canal  with  locks,  or  one  quarter  the  cost 
of  one  at  tide-level.  He  claimed  that  a  ship  railroad  could 
be  maintained  for  less  than  a  canal,  and  that  his  plan,  if 
carried  out  would,  both  by  its  method  and  location,  be  of 
greater  service  to  commerce  than  either  the  Panama  or 
the  Nicaragua  canals. 

Captain  Eads  obtained  a  concession  for  the  building  of 
his  ship  railroad  from  the  Mexican  Government,  and 
secured  the  organization  of  a  company.  He  was,  how- 
ever, unsuccessful  in  his  attempts  to  persuade  the  United 
States  Government  to  undertake  the  work  or  to  guarantee 
interest  on  its  cost.  .A.  bill  10  incorporate  this  company 
passed  the  United  States  Senate  during  the  session  just 
closed,  but  failed  to  pass  the  House. 

Captain  Eads  was  married  in  1S45  to  Martha  N.  Dillon, 
daughter  of  Patrick  M.  Dillon,  of  St.  Louis.  His  wile 
died  in  1852.  He  was  again  married  to  Mrs.  Eunice  S. 
Eads.  who  survives  him.  He  had  five  daughters,  three 
of  whom  married,  respectively,  John  A.  Ubsdell,  of  New 
York  :  Estil  McHenry.  Assistant  Postmaster,  of  St.  Louis, 
and  James  F.  Howe,  of  St.  Louis.  Secretary  and  Treasurer 
of  the  Wabash  Western  Companj .  Capt.  Eads  was 
granted  the  degree  of  LL.D.  by  the  Missouri  State  Uni- 
versity.    He  was  identified  with  St.  Louis  business  from 


the  time  of  his  arrival  there  as  a  boy,  and  always  con- 
sidered himself  a  citizen  of  that  city,  although  his  Tehu- 
antepec project  had  led  him  to  spend  much  time  in  the 
East  for  two  or  three  years  past. 


Contributions. 

Mason  and  Dixon's  Line. 

Editor  of  the  Railroad  and  I-'.ngiiicering  Journal  : 

In  the  opening  paragraph  of  your  article  upon  Geod- 
etic Work  in  the  United  States,  in  your  March  issue, 
I  think  you  somewhat  mistake  the  popular  idea  of  Mason 
and  Dixon's  Line— that  it  ''was  the  northern  limit  of 
slavery  established  by  the  Missouri  Compromise  in  1820." 
The  popular  belief  was  that  this  line  was  the  northern 
limit  of  slavery  east  of  the  Ohio  River,  which  was  in  ac- 
cordance with  the  facts,  so  far  as  Mason  and  Dixon's  Line 
forms  the  south  boundary  of  Pennsylvania.  It  was  known 
as  such  before  the  days  of  the  Missouri  Compromise,  and 
was  fixed  in  the  public  mind  and  made  historical  by  the 
political  speeches  of  that  fervid  period. 

As  a  matter  of  professional  interest,  1  will  state  that 
the  original  Field-book  and  Journal  of  Mason  and  Dixon 
is  deposited  in  the  library  of  the  Pennsylvania  Histori- 
cal Society  in  Pennsylvania  in  Philadelphia.  It  is  a 
volume  of  foolscap  of  over  300  pages,  and  contains  all 
their  notes  and  computations.  Each  page  is  signed  by 
both  astronomers.  H.  W.  Cl.vrk. 

SVRACUSK,  March  5,  1887. 


The  Forney  Car-Seat. 

To  llic  Editor  of  the  Railroad  and  Engineering  Journal : 

Your  last  issue  contains  a  description  and  illustration 
of  the  "  Forney  car  seat,"  and  claiming  for  it  merits  over 
the  ordinary  car  seats.  The  "  Forney  seat  "  is  undoubt- 
edly more  comfortable  than  the  ordinary  car  seat,  but  the 
"  Forney  back  "  is  far  from  comfortable.  I  have  sat  in  the 
Forney  seats  many  hours,  riding  on  the  New  York  Cen- 
tral Railroad,  and  found  the  concavely  shaped  backs  so 
tormenting  that  I  prefer  an  ordinary  car  seat.  For  hunch- 
backed, or  old,  stooping  persons  the  "  Forney  back"  may 
do  ;  but  not  for  a  naturally  straight  spine.  I  believe  that 
the  back  should  neither  be  concave  nor  convex,  but  it 
should  be  straight,  properly  inclined,  and  not  so  high  as 
to  compel  taking  off  one's  hat.  I  have  heard  the  same 
complaint  from  other  travelers  with  straight  spines. 

Travelkk. 
[The  criticism  of  "  Traveler  "  of  the  seats  referred  to 
is.  to  some  extent,  a  just  one.  In  designing  them  the 
mistake  was  made  of  giving  the  backs  too  much  curva- 
ture. This  defect  has  been  remedied  in  seats  made  since 
those  referred  to  were  put  in  the  New  York  Central  cars, 
and  the  same  change  can  easily  be  made  in  them  by  a 
little  alteration  of  the  upholstering.  To  make  the  backs 
straight,  as  proposed,  would,  however,  defeat  one  of  the 
objects  aimed  at  in  this  form  of  seat,  which  is  to  give 
support  to  the  lumbar  region  of  the  backs  of  passengers. 
The  backs  of  all  drawing-room  car  chairs  and  seats  in 
sleeping  cars  are  now  made  curved,  and  in  European  rail- 
war  carriages  that  form  is  universally  adopted. 

There  is  a  very  great  difference  of  opinion  with  refer- 
ence to  the  most  comfortable  length  for  the    backs  of  car 
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seats.  In  drawing-room  and  sleeping  cars  high  backs  arc 
now  universally  demanded,  whereas  some  passengers,  like 
our  correspondent,  object  to  them  in  ordinary  cars.  Prob- 
ably for  local  travel  low  backs  arc  preferable  ;  but  for  long 
journeys  a  support  for  a  passenger's  head  is  certainly  very 
grateful.— EoiroK  Railro.^d  ani>  ENr.iNEERiNG  Joi  r- 

N.AL.] 

THE     GEODETIC      WORK     IN      THE      UNITED 
STATES. 

II.— BORDEN'S   SURVEY   OF    MASSACHUSETTS. 
IIY    PROF.  J.    HOWARD   GORE. 

While  the  primary  object  of  this  survey  was  simply  to 
secure  an  accurate  map  of  Massachusetts,  the  trigonometric 
part  of  it  was  so  elaborately  conceived  and  so  carefully 
executed  that  the  results  have  been  regarded  as  suit- 
able for  geodetic  data.  This  work  was  the  carrying  out 
of  two  resolves  of  the  General  Court  of  Massachusetts 
during  the  session  of  1829-30,  one  requiring  each  town 
in  the  Commonwealth  to  forward  to  the  office  of  the  Secre- 
tary of  State  accurate  maps  of  its  territory  on  a  scale  of  100 
rods  to  an  inch,  and  the  other  empowering  the  Governor 
to  appoint  a  surveyor  with  assistants  to  make  a  trigono- 
metrical survey  of  the  State,  accompanied  by  astronomi- 
cal observations. 

Robert  Treat  Paine,  of  Boston,  was  selected  Chief 
Engineer  with  Mr.  Stevens,  of  Newport,  as  Assistant,  and 
Simeon  Borden  was  ordered  to  repair  the  instruments 
loaned  by  the  United  States  Coast  Survey,  and  to  con- 
struct the  base  apparatus. 

The  astronomical  observations  and  transfer  of  chro- 
nometers for  the  determination  of  differences  of  longi- 
tude were  commenced  by  Mr.  Paine  in  the  spring  of 
1831,  together  with  the  triangulation  by  Mr.  Stevens,  as- 
sisted by  Borden.  In  1834  Stevens  resigned,  when  the 
trigonometric  work  fell  to  Borden,  and  in  1838  Paine  re- 
tired, after  which  Borden  was  placed  in  charge  of  the 
entire  survey,  a  position  he  held  until  its  completion. 

The  base  apparatus  was  modeled  somewhat  after  the 
one  first  used  by  Colby,  in  1827,  in  the  measurement  of  the 
Lough  Foyle  base.  It  was  50  ft.  long,  consisting  of  two 
rods  ys  in.  in  diameter,  one  of  steel  and  the  other  of 
brass.  Each  rod  was  composed  of  four  nearly  equal 
parts,  joined  end  to  end  by  coupling  bo.xes  so  made  that 
the  ends  of  two  parts  could  be  brought  into  perfect  con- 
tact and  held  in  that  position.  The  attachments  of  the 
rods  were  of  the  same  metal  as  the  rods  themselves. 
They  were  supported  within  a  tin  tube,  larger  in  the 
middle  than  at  the  ends,  by  nineteen  cast-iron  stirrups. 
each  of  which  was  secured  by  five  screws  to  keep  them 
in  a  single  plane  and  the  lods  straight  when  in  place. 
Near  the  center  of  each  sheet  of  tin  forming  the  tube  was 
soldered  a  flange  of  tin  i  in.  deep,  which  served  to 
strengthen  the  tube  and  prevent  it  from  collapsing  while 
in  use;  the  supports  were  placed  near  these  flanges. 
The  tube  was  49  ft.  long,  the  four  pieces  of  which  it  was 
made  being  attached  to  one  another  by  small  screw- 
bolts  passing  through  strong  brass  flanges  that  were  fas- 
tened to  the  end  of  each  section.  These  flanges  were  of 
sufficient  strength  and  size  to  allow  the  two  end  ones  to 
serve  as  bearings  to  rest  in  the  Y's  of  the  trestles.  The 
ends  of  the  tube  were  closed  with  cast  iron  pieces  with  holes 
in  them,  through  which  the  rods  passed.     To  the  ends  of 


the  rods  transverse  arms  were  attached  ;  one  end  of  each 
arm  carried  a  small  silver  disc  with  cross-lines  on  its 
horizontal  face,  the  intersections  of  the  lines  marking  the 
ends  of  the  measure.  By  making  thi-  distances  from  this 
intersection  to  the  attachment  to  each  of  the  rods  pro- 
portional to  the  coeflScicnt  of  expansion  of  each,  the 
intersection  should  remain  invariable  at  all  temperatures — 
a  principle  beautiful  in  theory  but  unsatisfactory  in  prac- 
tice. The  failure  of  this  principle,  known  as  that  of 
compensation,  may  be  owing  to  uncertainties  in  the  as- 
sumed coefficients  of  the  particular  rods  in  use,  the  in- 
constancy of  the  adopted  coefficient,  ignorance  as  to  the 
results  of  molecular  change  during  fluctuations  of  tem- 
perature, or  to  mechanical  inability  to  correctly  secure  the 
proper  ratio  of  the  lever  arms. 

The  tube  was  supported  upon  two  tripods,  carefully 
and  substantially  made,  the  heads  having  horizontal  and 
vertical  motions,  by  means  of  thumb-screws.  The  micro- 
scopes were  compound  with  a  focal  length  of  i^i  in.; 
these  were  provided  with  trestles  similar  to  the  others. 
The  line,  situated  in  the  Connecticut  Valley  above  North- 
ampton, was  aligned,  using  for  the  purpose  the  theodo- 
lite that  was  aftervvard  employed  in  placing  the  tubes  in 
line  during  the  measurement. 

The  termini  of  the  base  were  marked  with  cross-lines 
upon  copper  bolts  of  about  ^{  in.  in  diameter ;  these  were 
driven  firmly  into  holes  drilled  for  the  purpose  in  large 
stones,  and  imbedded  in  the  earth  about  iS  in.  beneath 
the  surface. 

In  measuring,  the  cross-wire  of  one  of  the  microscopes 
was  adjusted  over  the  mark  on  one  of  the  terminal  monu- 
ments ;  the  tube  was  then  put  on  the  trestles  previously 
[ilaced  in  position  and  moved  laterally  until  in  line,  and 
longitudinally  until  the  mark  on  the  disc  attached  to  one 
end  of  the  rods  was  in  coincidence  with  the  cross-wires 
of  the  microscope.  The  other  microscope  was  then  ad- 
justed directly  over  the  disc  on  the  forward  end,  after 
which  the  tube  was  carried  forward  and  so  placed  that 
the  rear  end  would  be  under  the  second  microscope,  and 
so  on,  the  whole  work  requiring  the  services  of  eight  men. 
The  inclination  and  number  of  tubes  were  recorded. 
Under  the  intersection  of  the  cross-wires  of  the  micro- 
scope that  marked  the  last  of  each  20  tabes,  a  piece  of 
brass  wire  was  put  in  a  wooden  plug  driven  in  the  ground. 
The  end  of  each  day's  work  was  similarly  fixed. 

The  line  was  measured  twice  and  the  differences  in  the 
distances  between  each  pair  of  marks  were  noted  ;  the 
maximum  difference  was  0.828  in.  and  the  minimum  0.02 
in.,  with  3.523  in.  as  the  sum,  while,  after  correcting  for 
inclination,  the  difference  in  the  two  measures  was  only 
0.237  in  ,  or  I  :  1,975,176  in  a  line  39.009.73  ft.,  or  7.3882 
miles  long,  when  reduced  to  sea-level  and  referred  to 
Hasslers  82  in.  Troughton  scale  at  62  F.  The  elevation 
above  .sea  level  was  found  trigonometrically,  giving  the 
northern  end  49.55  ft.  higher  than  the  southern,  while,  by 
computing  the  difference  in  the  height  of  the  two  ends 
of  each  tube  from  its  known  length  and  the  observed  in- 
clination, and  taking  the  algebraic  sum  of  these  differ- 
ences, the  northern  end  was  50.43  ft.  higher  than  the 
southern  end.  The  latitude  and  longitude  of  both  ends 
of  the  base  were  carefully  determined,  the  former  from  a 
large  number  of  observations  on  circumpolar  stars,  and 
the  latter  by  transfers  of  chronometers. 

In  the  triangulation  a  repeating  theodolite  with  a  12  in. 
circle   and   telescope   of   46   in.    focal-length    was    used. 
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While  observing,  tlie  inslniincnt  was  protected  by  a  cir- 
cular tent  having  the  upper  portion  of  each  sirte  provided 
with  flaps,  so  as  to  be  opened  or  closed  when  necessary. 
Artificial  signals  were  built  at  every  station  ;  these  con- 
sisted of  tripods  with  a  center-pole  pivoted  at  the  point  of 
attachment  to  the  tripod.  In  some  cases  these  center-poles 
were  as  much  as  So  ft.  high,  when  it  was  found  necessary 
to  guy  them  with  wire  in  four  directions.  To  make  the 
signal  visible  at  a  great  distance  a  very  ingenious  device 
was  adopted.  A  bag  with  both  ends  open,  made  of  cotton, 
was  kept  inflated  by  having  sewn  within  it  two  barrel 
hoops ;  the  whole  was  placed  around  the  center-pole, 
the  ends  gathered  in  and  firmly  attached  to  the  pole. 
This  may  have  suggested  the  barrel  that  was  afterward 
used  by  the  Coast  Survey  on  reconnoissance  and  secon- 
dary triangulation.  The  center  of  the  station  was 
marked  like  the  ends  of  the  base,  its  position  having 
been  determined  by  the  aid  of  two  transits  placed  ap- 
proximately at  right  angles  to  one  another.  When  a  sta- 
tion was  occupied  the  center-pole  was  tilted  over,  so  that 
the  lover  end  would  be  out  of  the  way,  and  the  observ- 
ing tent  suspended  from  the  tripod. 

The  time  spent  at  each  station  varied  from  one  to 
twelve  days,  care  being  taken  to  observe,  as  far  as  pos- 
sible, at  times  when  the  atmosphere  and  underlying  earth 
between  the  observing  and  observed  stations  were  nearly 
of  the  same  temperature.  Azimuth  observations  were 
made  at  two  points  within  each  section  50  miles  square. 
The  formulae  used  in  computing  geographical  positions 
were  those  of  Oriani.  involving  an  "elliptic  spheroid," 
first  published  in  1821. 

He  computed  the  lengths  of  eight  meridional  arcs, 
and  from  each  deduced  the  length  of  a  degree  ;  this  var- 
ied from  364,336.76  ft.  to  364,447.68  ft.,  with  a  mean  of 
364,392  ft.  in  lat.  42-  4' 2.4S",  or  364,356  ft.  in  lat.  42°  21' 
40",  which  is  the  latitude  of  the  State  House.  He  also 
took  the  longitude  of  the  State  House  for  an  initial 
point,  and  computed  the  value  of  a  degree  perpendicu- 
lar to  a  meridian.  In  this  Paine's  longitude  determina- 
tions were  used,  and  in  computing  a  relative  weight,  pro- 
portional to  the  polar  angle  subtended,  was  given  to 
each  arc  employed,  resulting  in  365.747  ft.  for  a  degree  as 
the  mean  of  10  arcs. 

With  the  data  so  obtained  he  determined  the  earth's  ele- 
ments, which,  by  comparison  with  those  now  quite  gen- 
erally credited,  reveal  agreements  that  one  could  hardly 
expect  when  one  realizes  that  this  work  was  done  during 
the  infancy  of  geodesy  in  this  country. 


Borden.  Bessel,  Clarke. 

.i'J4,.^56     364.403     364.433 
365.7=4     365,740     365.54= 


t"  of  a  meridian  lat.  42"  --i'  jo'  in  tcct  — 
1°  perpendicular  to  a  meridian  4;°  ::i'  12' 
Ellipticity 1:292       1:299       r:293 

One  is  naturally  tempted  to  think  that  the  close  agree- 
ment between  Borden's  and  Clarke's  values  is  due  to 
chance  or  accidental  compensation  of  errors,  but  a  crucial 
test  has  been  applied  to  Borden's  linear  measures  by  the 
.occupation  of  many  of  his  stations  by  the  Coast  and 
Geodetic  Survey,  and  the  subsequent  computation  of 
distances  that  he  had  determineii.  The  discrepancy  be- 
tween the  two  results  varies  from  16  in.  to  0.8  in.  in  a 
mile,  with  6  in.  as  the  mean,  or  i  :  10.560;  also  in  the 
Nantucket  arc  the  Geodetic  Survey  computed  the  length 
of  a  degree  from  several  small  arcs  ;  the  nearest  mean 
latitude  to  Borden's  was  lat.  41"  36'  34".  at  which  point  a 
degree  was  found    to  be    364,453  fi..  being  aliout    100  ft. 


longer  than  Borden's  degree  at  this  point.  Clarke's 
spheroid  gives  for  this  latitude  a  degree  about  85  ft. 
longer  than  Borden  found. 

We  are  indebted  to  Borden  for  methods  rather  than 
for  results ;  his  observing  tent,  signal  and  care  in  select- 
ing times  for  reading  angles  have  became  leading  feat- 
ures in  all  geodetic  work  done  in  this  country  since  his 
time.  The  theodolite  with  a  high  supporting  standard 
and  repeating  angles,  copied  from  the  Coast  Survey  and 
Ordnance  Survey,  have  long  since  been  abandoned,  to- 
gether with  the  compensating  base  apparatus.  It  has 
also  been  found  that  the  flexure  in  so  long  a  bar  would 
introduce  errors  of  a  serious  character,  so  that  now  we 
never  find  an  apparatus  of  more  than  half  the  length  of 
Borden's,  while  many  arc  no  more  than  one-fourth  as 
long. 

It  is  believed  that  in  no  country  \>as  the  first  trigo- 
nometric geodetic  work  so  successfully  performed  as 
was  this,  ."America's  first  contribution. 

ROAD    BRIDGE    OVER    THE     RIVER    TONE    AT 
MAEBASHI,  GUMMAKEN,  JAPAN. 


During  the  year  1SS4,  when  the  main  trunk  line  of 
railroad  through  central  Japan  was  to  be  constructed 
along  the  Nakasendo.  the  Tokyo  &  Takasaki  line  was 
branched  to  Maebashi.  which  is  the  centre  of  the  silk  dis- 
tricts in  Gummaken.  and  a  road  bridge  over  the  River  Tone 
(one  of  the  largest  rivers  in  Japan)  had  to  be  constructed 
at  the  entrance  of  the  city.  Till  that  time  the  whole 
traffic  was  carried  on  an  old  and  fragile  wooden  bridge,  a 
little  above  the  new  site,  and  crossing  the  river  at  so  low 
a  level  that  the  gradients  of  the  road  on  both  sides  were 
too  steep  for  carriages,  and  the  bridge  was  often  damaged 
by  floods.  These  inconveniences  were  much  more  marked 
when  the  railroad  reached  Maebashi.  and  caused  both 
the  government  and  people  to  take  some  active  steps 
towards  the  construction  of  a  new  bridge.  The  capital, 
however,  was  very  limited,  being  26,000  yen  (about 
$21,300)  for  the  whole  work,  including  approaches  of 
three-quarters  of  a  mile  on  both  sides  of  the  bridge.  Of 
this  fund  1 5,000  yen  came  from  the  local  land-tax  of 
Gummaken.  and  the  remaining  1 1 .000  yen  was  contributed 
by  the  inhabitants  of  Maebashi. 

In  common  with  other  Japanese  rivtrs  in  the  dry  sea- 
son, the  water  of  the  River  Tone  is  very  low ;  but  in  sum- 
mer and  autumn  it  is  often  visited  by  fearful  floods.  The 
bridge  site  was  chosen  at  the  narrowest  part  of  the  river,- 
which  is  best  protected  in  the  up-stream  by  boulders  of 
gigantic  size.  The  very  existence  of  these  stones  suffi- 
ciently proclaims  the  rapidity  of  the  stream  in  times  of 
freshets.  As  there  were  no  people  living  near  the  site, 
information  as  to  the  highest  flood  level  could  not  be  ob- 
tained, but  it  was  calculated  to  be  24  ft.  above  ordinary 
water  level,  from  the  data  obtained  above  and  below  the 
site. 

The  total  length  of  the  new  bridge  is  600  ft.,  of  which 
180  ft.  consists  of  two  spans  of  Howe  truss  in  timber  ;  the 
remaining  420  of  10  spans  of  beam  bridge  of  the  Japanese 
type  with  some  modifications,  each  span  being  42  ft.  The 
camber  of  the  bridge  is  4  ft  3  in.,  and  the  width  is  24  ft., 
the  formation  level  being  40  ft.  above  ordinarj'  water 
level. 
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The  eastern  abutment  is  brickwork  on  a  concrete  foun- 
dation, and  the  western  is  rubble  work  on  a  foundation 
of  piles.  There  are  two  cast-iron  piers  and  10  wooden 
ones.  The  river  piers  are  each  formed  of  two  columns, 
placed  22  ft.  7  in.  apart  from  center  to  center.  These 
columns  are  composed  of  cast-iron  cylinders,  the  metal 
being  3.^  in.  thick,  and  are  3  ft.  in  diameter  and  in 
6-ft.  lengths,  jointed  by  12  i-in.  bolts  through  inside 
flanges.  For  12  ft.  at  the  base  the  cylinders  are  4  ft.  in 
diameter.  These  columns  are  filled  with  concrete  and 
firmly  braced. 

The  superstructure  is  formed  of  Howe  timber  truss 
continuous  over  two  spans.  The  truss  is  7  ft.  3  in.  high 
between  the  centers  of  the  booms,  which  are  i6x  12  in. 
The  span  is  90  ft.,  and  is  divided  into  20  bays,  each  4  ft. 
6  in.  The  cross-girders.  12x912  in.,  are  placed  on  the 
bottom  booms  of  the  truss  at  intervals  of  4  ft.  6  in.  The 
joists.  6  in.  square  (and  6x  10  in.  at  center  where  planks 
are  jointed;,  are  placed  in  five  rows  upon  the  cross- 
girders.  Upon  these  timbers  is  laid  transversely  3>^  in. 
planking.     These  two  spans  extend  over  180  ft. 

For  the  remaining  420  ft.,  for  which  the  bed  is  drj'  in 
ordinary  weather,  a  simple  though  less  satisfactory  de- 
sign had  to  suffice,  as  the  funds  were  so  limited  ;  so  that 
the  beam  bridge  was  constructed.  Here  the  piers  con- 
sist of  five  wooden  piles  of  15  in.  diameter,  with  butt  ends 
braced  and  stiffened  by  crib-work  at  the  bottom.  The 
cantilever  beams  and  longitudinal  stringers,  16  in.  square, 
are  placed  in  five  rows  upon  the  cross-beams  of  the  pier. 
Upon  the  strine;ers  there  is  laid  transversely  3>^  in.  plank- 
ing. The  parapet  railing  for  this  part  of  the  bridge  con- 
sists of  castings  with  wooden  posts  fixed  to  the  exterior 
stringers  at  intervals  of  6  ft. 

For  the  purpose  of  facilitating  the  transportation  of  the 
building  materials  to  the  bridge-site,  and  giving  accom- 
modation to  the  public,  the  road  on  one  side  from  the 
railroad  station  and  on  the  other  from  the  southwestern 
corner  of  the  city  of  Moebashi  to  the  bridge  was  con- 
structed, and  a  temporary  pontoon  bridge  made  a  little 
below  the  site.     The  road  is  a  gravel  road,  30  ft.  in  width. 

The  timbers  were  obtained  on  the  surrounding  moun- 
tains at  distances  from  2  to  40  miles.  The  cast-iron 
piers,  tie-rods  and  bolts  were  made  by  Masuda  &  Co.  at 
Kawaguchi,  and  the  hand-rails  by  Ojima  &  Co.  at  Taka- 
saki.  The  bricks  and  cement  were  brought  from  Tokyo, 
while  quick-lime  of  the  best  quality  was  cheaply  obtained 
from  a  quarr)-  in  the  vicinity.  The  advantage  derived 
from  the  new  railroad  for  the  transportation  of  these  ma- 
terials was  of  no  small  value. 

The  building  materials  having  arrived  at  the  site  when 
the  river-bed  became  dry  in  October,  1886,  the  excavations 
for  the  abutments  were  commenced.  The  materials  to  be 
excavated  for  the  eastern  abutment  consisted  of  strata  of 
hard  clay  and  sand,  with  vegetable  earth.  Thus,  the  ma- 
terial being  compact,  the  excavation  was  finished  with  a 
slope  of  I  in  12,  and  fortunately  no  water  guttered,  so 
that  much  expense  was  saved  on  this  abutment.  The  ex- 
cavation extended  downwards  until  a  bed  of  boulders  was 
reached.  On  this  bed  a  concrete  foundation,  surmounted 
by  foundation  courses  of  stone,  was  laid.  The  brick- 
work was  constructed  upon  this  foundation.  The  western 
abutment  was  constructed  with  rubble  stones  from  the 
river,  laid  upon  a  foundation  of  piles. 

The  excavation  for  Xo.  i  pier  was  done  by  sinking  a 
cylindrical  crib.  6  ft.  in  diameter,  of  sheet  piling  3,',  in. 


thick,  the  outside  of  the  crib  being  puddled  with  clay. 
Inside  the  crib  water  accumulated  very  rapidly,  and  had 
to  be  pumped  out  by  a  centrifugal  pump,  worked  by  a 
steam-engine  and  exhausting  1.800  gallons  of  Stillwater 
per  minute.  At  the  same  time  gravel  inside  the  crib  was 
cleared  out.  The  excavltion  was  continued  in  this  way 
to  a  depth  of  12  ft.  below  the  river-bed,  when  the  accu- 
mulation of  water  became  so  rapid  that  there  was  scarcely 
any  diminution  even  when  the  engine  was  working  at  full 
speed.  The  pressure  of  water  and  gravel  on  the  outside 
of  the  cylindrical  crib  was  so  very  great  as  to  cause  it  to 
distort  into  a  shape  slightly  elliptical,  having  the  major 
axis  7  in.  longer  than  the  minor.  When  this  occurred  a 
layer  of  coarse  gravel  was  reached,  so  that  excavation  was 
stopped  and  concrete  placed  for  the  foundation.  The 
cast  iron  piers  were  then  put  in  position,  and  filled  with 
concrete  inside  and  packed  at  the  foundation  with  con- 
crete between  the  outside  and  the  crib.  The  leveling 
was  now  done,  and  the  exact  lengths  of  the  topmost  por- 
tion of  the  cylinders  ascertained.  The  piers  were  erected 
by  means  of  derricks  and  hemp  ropes,  which  are  the  only 
machinery  generally  used  by  Japanese  coolies.  The  sink- 
ing and  erection  of  pier  No.  2  were  carried  out  in  the 
same  way  as  those  of  No.  i,  excepting  that  puddle  was 
not  required  outside  the  crib,  the  river-bed  being  dry  in 
this  part  during  winter. 

While  the  piers  were  being  erected,  all  the  necessary 
timbers  and  suspension-rods  were  prepared,  and  framing 
of  the  trusses  commenced,  in  order  that  all  the  parts  of 
the  work  might  progress  to  completion  with  as  little  de- 
lay as  possible.  As  the  formation  level  of  the  bridge  is 
40  ft  above  ordinary  water  level,  and  the  stream  so  rapid, 
being  subject  to  violent  floods  in  summer,  a  staging  for 
the  superstructure  could  not  be  easily  constructed  with- 
out a  great  expense  ;  so  that  the  trusses  were  launched 
into  their  places  without  any  scaffolding.  Of  the  contin- 
uous truss  of  two  spans  only  one-half  at  firstwere  framed, 
and,  launched  through  a  little  less  than  the  half-length  of 
the  framed  portion,  the  other  half  was  acting  as  the  coun- 
terbalancing weight;  then  the  remaining  portion  was 
hauled  over.  The  launching  was  performed  by  sliding 
the  bottom  boom  upon  rollers  by  means  of  tall  derricks 
and  hemp  ropes,  so  as  not  to  touch  the  top  of  the  cast 
iron  piers  while  being  hauled  over.  This  was  ver}'  suc- 
cessfully done,  notwithstanding  the  deficiency  of  ma- 
chinery and  the  fact  that  the  work  was  not  familiar  to  our 
workmen,  so  that  directions  had  to  be  constantly  given. 

As  soon  as  the  trusses  were  launched  over,  they  were 
set  and  fitted  to  the  proper  position,  both  in  direction  and 
level,  and  the  superstructure  was  at  once  completed  for 
this  portion  of  the  bridge. 

While  this  half  of  the  bridge  was  in  progress,  the  re- 
I  maining  portion,  consisting  of  a  beam  bridge,  was  being 
constructed,  in  order  to  push  the  whole  work  to  comple- 
tion with  the  least  delay.  As  the  river-bed  at  the  wooden 
piers  was  dry,  excavation  was  done  with  the  utmost  ease, 
except  at  the  three  piers  towards  the  iron  one,  where 
some  hand-pumps  and  screw-pumps  were  required  for 
pumping  out  water.  Wooden  piers  were  here  erected  by 
means  of  derricks  and  hemp  ropes,  and  they  were  braced 
and  stiffened  by  crib-works  filled  with  large  stones  and 
mortar.  The  beams  and  struts  were  also  put  in  position 
by  means  of  the  same  simple  contrivance  ;  then  the  plank- 
ing and  the  hand-rails  were  added.  Lastly,  the  fenders 
for  the  piers  were  erected  in  their  positions.     Abutments 
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and  piers  were  afterwards  protected  by  fascine- works. 

The  bridge  was  thrown  open  for  public  traflic  on  June 
30.  1885.  On  the  day  following  it  was  visited  by  a  sud- 
den flood,  which  rose  18  ft.  above  ordinary  water  level. 
This  flood  destroyed  the  fragile  old  bridge  above  the 
new  site,  but  caused  no  damage  to  the  new  work,  showing 
the  urgent  necessity  for  the  latter. 

CLASSIFICATION  OF  IRON  AND  STEEL. 

Tut;  following  classification  and  definition  of  the  terms 
"  iron  "  and  "  steel  "  and  their  varieties  was  given  by  Mr. 
William  Kent  in  1883,  in  his  e.xpert  testimony  in  behalf  of 
defendant  in  the  case  of  Cooper.  Hewitt  &  Co.  7's.  Penn- 
sylvania Steel  Company,  a  suit  brought  to  determine  the 
validity  of  the  U.  S.  patents  of  Messrs.  E.  &  P.  Martin  on 
the  open-hearth  steel  process.  The  suit  referred  to  was 
decided  in  favor  of  the  defendants  on  the  technical  ground 
that  it  had  not  been  begun  within  the  limit  of  time  re- 
quired by  law,  and  the  question  of  the  original  validity  of 
the  patents  was  left  undecided.  A  few  copies  of  the 
printed  testimony  were  privately  distributed,  but  with 
this  exception  the  classification,  which  is  here  given,  has 
never  heretofore  been  published. 

Question  36.  Please  give  the  technical  meaning  or 
definition  of.  and  where  there  is  any  difference  between 
the  two,  the  commercial  designation  of  iron  ;  cast-iron  ; 
wrought-iron  ;  cast  steel ;  steel ;  crucible  steel ;  Bessemer 
steel ;  open-hearth  steel. 

A.  Iro/i  is  a  metal  which  is  not  found  chemically  pure 
either  in  nature  or  in  commerce,  but  is  always  associated 
.  with  one  or  more  metallic  or  non-metallic  elements.  The 
word  iron  when  standing  alone,  both  in  commerce  and  in 
metallurgy,  is  used  as  a  generic  term,  to  designate  a  great 
variety  of  compounds  or  alloys  of  the  element  iron  with 
other  elements,  but,  generally  speaking,  it  is  confined  to 
mean  such  compouncs  as  are  used  for  the  purposes  of 
construction,  and  does  not  include  generally  those  com- 
pounds of  iron  with  other  elements  which  are  found  in  a 
crude  state  in  nature,  and  which  are  usually  called  iron 
ores. 

The  words  iron  ores  are  used  to  designate  those  com- 
pounds of  iron  with  o.\ygen,  of  greater  or  less  purity, 
(that  is,  associated  with  greater  or  less  quantities  of  other 
elements  than  o.xygenj,  which  are  dugout  of  the  ground. 
and  which  constitute  the  original  raw  material  from  which 
all  kinds  of  commercial  irons  and  steels  are  derived. 

Iron  ores  are  thus  always  oxides  of  iron,  but  there  are 
also  other  oxides  of  iron  which  are  not  called  ores,  such 
as  iron-rust  and  iron-scale,  both  of  which  are  formed  by 
the  oxidation  of  some  form  or  other  of  commercial  irons. 
.Although  these  oxides  of  iron  are  not  called  ores,  they  may 
nevertheless  be  used  like  ores,  as  the  raw  materials  from 
which  commercial  irons  are  derived  by  various  processes  ; 
and  whenever  these  oxides  which  are  not  called  ores  are 
used  in  any  metallurgical  process,  whether  as  raw  mater- 
ials or  as  additions  to  a  bath  of  other  raw  materials,  they 
perform  the  same  function  as  iron  ores  do. 

I  have  stated  that  iron  is  a  generic  term,  which  is  used 
to  include  a  great  variety  of  commercial  products  in  which 
the  metallic  element,  iron,  is  the  chief  component  part. 
This  includes  several  materials,  in  the  name  of  which  the 
word  iron  itself  may  not  appear,  sucli  as  steel,  muck-bar, 
spiegeleisen.  etc.  Whenever,  therefore,  it  is  necessary  to 
designate  one   particular  variety  of   iron    from   another. 


I  some  special  designation  other  than  the  word  iron  stand- 
ing by  itself  must  be  used — either  iron  prefixed  by  some 
adjective,  as  cast-iron,  wrought-iron.  or  some  other  word, 
such  as  muck-bar  or  puddled  balls  or  blooms. 
i  In  order  to  particularly  define  the  various  kinds  of 
j  commercial  irons  which  are  mentioned  in  the  question, 
j  I  think  it  will  be  necessary  for  me  to  begin  with  a  sort  of 
classification  dividing  the  generic  term  iron  into  its  sev- 
eral species  and  varieties.  Several  methods  of  division 
or  classification  have  been  adopted  by  various  technical 
writers.  Some  of  these  make  the  greater  or  less  content 
of  carbon  the  principle  upon  which  the  classification  is 
based.  Others  base  the  subdivision  upon  the  differences 
of  the  furnace  or  vessel  or  metallurgical  process  by  which 
the  finished  material  is  obtained.  Still  others  make  a 
general  division  of  the  generic  term  iron  into  two  classes, 
I  based  upon  the  difference  of  condition  in  which  the  final 
product  is  obtained,  and  then  subdivide  these  two  classes 
into  others.  The  latter  method  of  classification  is  the 
one  which  I  conceive  to  be  the  clearest,  and  the  one  which 
I  shall  now  adopt. 

I  thus  divide  all  the  commercial  products  which  may 
be  included  under  the  generic  term  iron  into— ist,  irons 
which  are  cast  from  a  fluid  mass:  and.  2nd.  irons  which 
are  made  up  from  pasty  masses. 

Beginning  with  the  irons  which  are  cast  from  fluid 
masses,  these  may  be  subdivided  into  two  classes  or  sub- 
divisions:  1st.  those  which  are  malleable,  that  is,  those 
which  may  be  forged  ;  2d,  those  which  are  not  malleable. 
Of  the  irons  which  are  included  under  the  second  sub- 
division, that  is.  those  which  are  cast  from  fluid  masses 
and  which  are  not  malleable,  I  know  of  but  one  species, 
which  is  generally  called  t(M/-/>(7«.  but  which  is  also  called 
pig-iron,  the  word  pig-iron  being  used  chiefly  to  designate 
the  shape  in  which  this  cast-iron  is  usually  obtained.  This 
is  the  commercial  metal  which  is  obtained  by  smelting 
ores  in  the  blast-furnace.  It  is  generally  the  most  impure 
of  all  the  commercial  metals  included  under  the  generic 
term  iron,  and  may  contain  not  over  80  or  90  per  cent,  of 
pure  metallic  iron.  It  generally  contains  somewhere 
about  4  per  cent,  of  carbon ;  it  may  contain  varying 
proportions  of  silicon,  of  phosphorus,  of  sulphur,  of  man- 
ganese, of  chromium,  of  titanium  or  other  elements. 
Although  some  of  these  elements  may  be  contained  in 
only  small  traces,  others  may  be  in  considerable  quanti- 
ties. Thus  there  have  been  made  pig-irons  containing 
more  than  2  per  cent,  of  phosphorus,  as  much  as  8  per 
cent  of  silicon,  and  as  much  as  20  percent,  of  manganese. 
Frequently  the  pig-irons  which  contain  considerable  quan- 
tities of  these  various  elements  are  designated  by  various 
adjectives  qualifying  them,  such  as  gray  pig-iron,  white 
pig-iron,  phosphoriferous  pig-iron,  and  manganiferous 
pig-iron. 

Passing  now  to  the  first  subdivision  of  the  irons  which 
j    are  cast  from  fluid  masses,  that  is,  those  which  are  mal- 
leable, these  may  be  further  subdivided  into  two  divisions 
or  species,   namely;  ist.  the  product  which   is  generally 
known  in  the  United  States  as  malleable   iron,  also   as 
malleable   cast-iron,  or  as   malleableized   cast-iron ;    2d, 
the  various  forms  of  cast-steel.     (I  must  here  explain  that 
in  England  and  sometimes  in  this  country  the  words  mal- 
I    leable  iron  are  also  used  to  designate  another  kind  of  a 
i    product,  namely:  what  is  ordinarily  called  in  the  United 
States  wrought-iron.) 

Tnis  malleable  iron,  or  malleable  cast-iron,  or  mallea- 
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bleizcd  cast-iron  is  made  by  removing  all  or  a  portion  of 
the  carbon  from  cast  or  pig-iron  while  the  latter  remains 
in  a  solid  state.  This  removal  is  generally  accomplished 
by  heating  or  annealing,  for  a  considerable  period  of  time 
in  a  closed  box,  the  cast-iron  surrounded  by  some  form  of 
o.xide  of  iron. 

The  second  division  or  species  of  those  irons  which  are 
cast  from  fluid  masses,  and  which  are  malleable,  are  the 
cast  steels  of  commerce.  These  cast-steels  may  generally 
be  defined  by  the  classification  I  have  already  given,  that 
is,  they  are  malleable  compounds  of  iron  which  arc  cast 
from  fluid  masses.  The  one  feature  which  distinguishes 
these  cast  steels  chemically  from  cast-irons  which  are  cast 
from  fluid  masses,  but  are  not  malleable,  that  is,  which 
distinguishes  them  from  pig-iron,  is  that  they  contain 
smaller  quantities  of  carbon  than  pig-iron  contains,  and 
they  also  usually  contain  smaller  quantities  of  those  other 
elements  than  carbon,  which  are  contained  in  pig-iron. 

These  cast  steels  are  known  by  various  names  in  com- 
merce accc.rding  to  the  vessel  or  furnace  in  which  they  are 
produced,  such  as  crucible  steel,  Bessemer  steel,  and  open- 
hearih  steel.  The  difference  between  these  steels  does 
not  necessarily  e.xtend  further  than  to  the  furnace  or  ves- 
sel in  which  they  may  be  produced  ;  there  is  no  necessary 
chemical  or  mechanical  distinction  between  them,  for  cast 
steels  may  be  and  are  produced  by  either  one  of  these  pro- 
cesses, which  cannot  be  distinguished  either  chemically  or 
mechanically  from  similar  steels  which  are  produced  by 
either  of  the  other  two  processes. 

I  will  describe  later  in  this  answer  the  methods  by 
which  crucible.  Bessemer  or  open-hearth  steels  may  be 
produced,  but  will  suspend  this  portion  of  m}'  answer  until 
after  I  have  defined  those  irons  which  are  not  cast  from 
fluid  masses,  but  which  are  welded  from  pasty  masses. 

The  irons  which  are  welded  from   pasty  masses  may  be 
subdivided  into  two  classes  :   ist,  wrought  or  welded  irons  ; 
2d,  wrought  or   welded  steels.     The  wrought-irons  may    [ 
again  be  subdivided  into  different  varieties  of  wrought- 
iron  according  to  the  furnace  in  which,  or  the  process  by    ' 
which,  they  may  be  obtained.     I  subdivide  them  into  two 
classes:  ist,  those  obtained  by  direct  processes  from  iron 
ore  or  from  iron  scale ;  2d,  those   which  are  obtained  by 
indirect   processes   or  by  the  refining  of   pig-iron.     The 
wrought-irons  obtained  by  the  indirect  and  by  the  direct 
processes  are    not   distinguishable   from    each    other   by 
mechanical  or  chemical  means,  but  are  only  distinguished 
as  regards  the  processes  by  which  they  may  be  obtamed. 
The  general  method  of  obtaining  wrought-irons  by  direct 
process  is  the  reduction  of  the  ore  to  the  metallic  state  by 
carbon  or  carbon  ic-o.xide  gas,  and  heating  the  reduced  ore    | 
to  the  welding-point  and  welding  together  the  mass  into    1 
the  finished  product.     This  product,   before  any  subse- 
quent operations  are  performed  upon  it,  is  generally  known    ] 
as   a   wrought-iron    bloom.      There    are    many    difTerent    j 
methods  of  conducting  this  process,  such  as  the  Catalan 
process,  the  Siemens  direct  process,  Chenot  process,  etc.,    ' 
which  I  need  not  further  refer  to,  as  their  general  method 
as  well  as  their  product  is  the  same. 

If  in  this  direct  process  there  is  an  excess  of  fuel  used 
and  a  temperature  higher  than  the  welding  temperature, 
in  addition  to  the  reduction  of  the  iron  of  the  ore  to  the 
metallic  stage :  another  feature  or  metallurgic  process 
may  be  accomplished,  namely,  the  absorption  by  the  metal- 
lic iron  of  other  substances  in  greater  or  less  quantity,  as 
carbon,  silicon,  etc.     If  the  absorption  of  such  substances. 


especially  the  carbon,  is  to  such  a  degree  that  the  finished 
product  is  much  harder  than  wrought-iron,  but  still  re- 
tains the  pasty  condition  during  the  whole  time  it  is  in 
the  furnace,  the  resulting  product  may  then  be  known  as 
steel,  or  wrought  or  welded  steel,  instead  of  wrought-iron. 
If  the  absorption  of  carbon,  due  to  the  high  tempera- 
ture and  the  excess  of  carbon  present,  it  is  so  great  that 
the  metal  becomes  liquid  in  the  furnace  and  is  cast  from 
this  fluid  mass,  the  resulting  product  would  then  be  known 
either  as  cast  or  pig-iron,  or  as  cast-steel,  according  to 
the  greater  or  less  percentage  of  carbon  it  contained. 

The  direct  process,  therefore,  of  producing  at  one  oper- 
ation from  the  ore,  wrought-iron,  wrought-steel,  cast- 
steel,  or  pig-iron,  may  be  the  same  kind  of  a  process,  dif- 
fering only  in  the  greater  or  less  absorption  of  carbon  dur- 
ing the  operation.  If  the  absorption  is  the  least  possible, 
the  product  is  wrought-iron  ;  if  it  is  a  little  greater,  but  the 
product  still  retains  the  pasty  condition  while  in  the  fur- 
nace, the  product  is  wrought-steel ;  if  the  absorption  is  still 
greater,  so  that  the  metal  becomes  fluid  at  the  last  stage 
of  the  process,  the  product  is  cast-steel  or  pig-iron,  ac- 
cording to  the  amount  of  carbon  contained  in  the  finished 
product. 

Wrought-iron  may  also  be  produced,  as  I  have  stated, 
by  an  indirect  process,  that  is,  from  cast  or  pig-iron,  by  the 
removal  therefrom  of  the  carbon  and  other  elements  to  a 
greater  or  less  extent.  This  removal  of  the  carbon,  or  what 
is  called  refining,  may  be  carried  on  in  different  kinds  of 
furnaces,  such  as  the  Lancashire  hearth  and  the  puddling- 
furnace. 

I  have  slated  in  a  previous  portion  of  this  answer  that 
malleable  or  malleableized  cast-iron  is  cast  or  pig-iron 
which  has  had  the  carbon  taken  out  of  it  by  heating  or  an- 
nealing in  closed  boxes  in  presence  of  oxide  of  iron.  The 
oxygen  in  the  oxide  of  iron  in  this  case  is  the  agent  of 
refining,  that  is,  of  the  removal  of  carbon.  In  all  refining 
operations  for  the  removal  of  carbon  from  pig-iron,  or 
from  steel,  or  from  any  form  of  iron  whatever,  the  agent 
of  refining  is  oxygen.  The  oxygen  unites  with  the  carbon 
and  forms  carbonic-oxide  gas,  which  escapes. 

This  oxygen  may  be  derived  from  oxides  of  iron,  such 
as  iron  ore,  iron  scale  or  iron  rust,  from  the  atmosphere, 
from  carbonic-acid  gas,  or  from  oxides  of  other  metals 
than  iron.  In  whatever  form  the  oxygen  is  applied, 
whether  to  iron  in  the  solid  state,  as  in  the  making  of 
malleablized  cast-iron,  or  in  any  of  the  various  operations 
of  iron  or  steel  manufacture  in  which  carbon  is  removed 
from  the  metal,  the  operation  is  the  same,  namely,  the 
formation  of  carbonic-oxide  gas  by  the  union  of  carbon 
and  oxygen. 

In  the  puddling  process,  which  is  the  process  most 
generally  used  for  the  production  of  wrought-iron  from 
pig-iron,  the  carbon  is  burnt  out  of  the  pig-iron  by  oxy- 
gen, which  is  derived  both  from  the  excess  of  atmospheric 
air  or  of  carbonic  acid  gas  in  the  dame  which  traverses  the 
surface  of  the  metal,  and  from  the  ore  and  scale  by  which 
the  bed  of  the  furnace  may  be  lined,  or  which  may  be 
added  to  the  bath  during  the  operation.  In  the  refining 
process,  which  is  used  sometimes  as  a  preliminary  stage 
to  the  puddling  process  known  as  the  "  refinery"  orthe 
"  run  out "  process,  part  of  the  carbon  and  the  silicon  is 
burned  out  by  the  oxygen  of  atmospheric  air,  which  is 
projected  downward  into  the  bath  of  metal. 

I  have  now  defined  the  wrought  irons  which  are 
welded  up  from  pasty  masses,  and  which  may  be  produced 
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in  two  ways :  ist,  direct  from  the  ore  by  one  form  or 
other  of  "  direct  process:  "  2d,  indirectly  from  pig-iron 
by  some  form  or  other  of  refinery  process. 

I  have  also  shown  that  a  wrought-steel  may  be  formed 
by  the  carbonization  of  the  metal  in  the  direct  process.  A 
wrought-steel  may  also  be  formed  in  the  indirect  or  re- 
finery process,  puddling  or  other,  by  arresting  the  de- 
carbonization  before  the  carbon  is  burned  out  to  the 
degree  that  it  is  in  producing  wrought-iron  ;  or,  in  the 
same  process,  by  decarbonizing  to  the  fullest  extent,  and 
then  recarbonizing  by  an  addition  of  some  form  of  iron 
or  steel  which  contains  more  carbon  than  wrought-iron. 
There  is  still  a  third  method  of  producing  wrought-steel 
known  as  the  cementation  process,  which  concists  in  talc- 
ing wrought-iron,  whether  produced  by  the  direct'or  in- 
direct process,  by  adding  carbon  to  such  wrought-iron 
while  it  remains  in  the  solid  state  ;  this  is  the  inverse  of 
the  process  of  making  malleableized  cast  iron.  It  is  gen- 
erally performed  by  surrounding  bars  of  wrought-iron  by 
charcoal  in  a  closed  box  or  furnace  and  heating  them  to- 
gether for  a  considerable  period  of  time.  If  such  heating 
is  continued  long  enough  the  amount  of  absorption  of 
carbon  may  be  as  much  as  4  per  cent.,  in  which  case  the 
resulting  product  will  have  lost  one  of  the  distinguishing 
features  of  ordinary  steel,  namely,  malleability,  and  be- 
comes similar  in  its  content  of  carbon,  as  well  as  its  non- 
malleability,  to  cast  or  pig-iron.  Steel  made  by  cementa- 
tion process  is  generally  called  blister  or  shear  steel. 
Puddled  steel  is  the  product  of  the  puddling-furnace 
when  the  puddling  process  is  arrested  before  the  decar- 
bonization  is  completed,  as  for  wrought-iron,  or  when  it  is 
so  completed  and  the  subsequent  addition  of  a  recarbon- 
izer  is  made,  the  product  in  both  cases  being  withdrawn 
from  the  puddling-furnace  while  in  a  pasty  condition. 

1  now  come  to  define  and  distinguish  the  cast-steels 
which  I  have  already  referred  to.  namely,  crucible,  Besse- 
mer and  open-hearth  steels. 

The  finished  products  known  by  these  names  do  not 
diflier  in  quality,  but  only  in  the  process  by  which  they  are 
obtained.  The  characteristics  which  they  all  hold  are 
that  they  are  malleable,  are  cast  from  fluid  masses,  and 
contain  a  smaller  amount  of  impurities  than  cast  or  pig- 
iron.  By  impurities  I  mean  carbon,  silicon  and  other 
elements.  They  always  do  contain,  however,  a  certain 
amount  of  these  impurities,  and  they  generally,  though 
not  necessarily,  contain  a  larger  amount  of  carbon  than  is 
found  in  wrought-iron. 


carbonaceous  substance  added  for  the  purpose,  or  from 
the  addition  of  pig  or  other  highly  carbonized  iron,  or  by 
any  combination  of  any  two  or  more  of  these  methods  of 
decarbonizing,  deoxidizing,  carbonizing  or  recarbonizing. 
In  other  words,  beginning  with  pig  or  other  iron  contain- 
ing a  high  percentage  of  carbon,  and  iron  which  may  con- 
tain no  carbon  at  all,  and  steel  which  contains  more  or 
less  carbon,  a  cast  steel  containing  any  required  percent- 
age of  carbon  may  be  made  by  addition  and  subtraction, 
or  mixing  or  diluting  or  combining  in  any  form  whatever 
two  or  more  of  these  materials ;  or  it  may  be  made  by 
beginning  with  pig  or  other  highly  carbonized  iron,  and 
burning  out  the  carbon  by  oxygen  derived  from  any  source 
whatever,  even  by  pure  oxygen  gas,  as  is  mentioned  in  one 
of  the  patents  of  Messrs.  Martin  ;  but  such  cast-steel, 
however  made,  is  cast  from  a  fluid  mass,  and  is  not 
welded  up  from  a  pasty  mass  at  the  end  of  the  operation. 
Crucible  steel  is  distinguished  from  Bessemer  and  open- 
hearth  steel  by  its  being  made  in  a  crucible  or  small  pot. 
which  is  generally  provided  with  a  lid  ;  a  mixture  of  steel- 
making  materials  is  made  and  placed  in  this  crucible,  and 
the  whole  is  thoroughly  melted,  and  poured  into  an  in- 
got-mould. The  mixture  may  be  of  various  kinds  and  of 
various  proportions.  In  this  mixture  may  be  used  iron 
ore.  pig-iron  of  various  kinds,  wrought-iron,  steel  of  var- 
ious kinds,  and  in  general  any  of  the  products  which  are 
included  under  the  generic  term  of  iron,  as  well  as  other 
substances,  such  as  charcoal,  various  carbonaceous  mat- 
ters, metallic  manganese,  or  alloys  of  the  same  with  one 
or  more  metals,  and  a  vast  variety  of  other  substances. 
The  operation  of  making  crucible  steel  may  be  a  refining 
process,  in  so  far  as  pig-iron  mav  be  used  as  the  principal 
raw  material,  which  is  decarbonized  by  the  oxygen  of  the 
ore  or  other  oxides  placed  in  the  crucible.  It  ma)  be  a 
reaction  or  mixing  process,  in  so  far  as  a  mixture  may  be 
made  of  iron  highly  carbonized,  and  of  one  which  con- 
tains little  or  no  carbon.  It  may  be  a  reduction  and  a 
carbonizing  process,  in  so  far  as  iron  ore  may  be  used  as 
the  principal  material,  which  is  deoxidized  and  carbon- 
ized by  carbon  or  carbonaceous  substances  of  which  the 
crucible  may  be  composed,  or  which  may  be  added  in  the 
crucible.  It  may  be  a  decarbonizing  in  combination 
with  a  recarbonizing  process,  as  in  the  case  in  which  pig 
or  other  highly  carbonized  iron  is  the  principal  compon- 
ent of  the  mixture  which  is  decarbonized  by  the  other 
components,  such  as  oxides  of  iron  or  of  manganese, 
wrought-iron,  etc.,  and  recarbonized  by  a  subsequent  ad- 


In   addition  to  the  names  crucible,  open-hearth    and    |    dition  of  a   recarbonizer  before  pouring.      The   crucible 


Bessemer,  by  which  these  steels  are  designated  they 
also  have  other  names  given  to  them  to  designate  their 
quality  as  soft  and  hard  steel,  high  and  low  carbon  steels, 
or  steels  of  various  percentages  of  carbon. 

The  percentage  of  carbon  in  steel  determines  its  hard- 
ness, and  chiefly  the  purpose  for  which  it  may  be  used. 

It  is  evident  that  as  these  steels  contain  always  less  car- 
bon and  other  elements  than  are  found  in  pig  or  cast- 
iron,  and  generally  more  carbon  than  is  found  in  wrought- 
iron,  they  may  be  made  either  by  refining  or  decarboniz- 
ing pig  or  other  highly  carbonized  irons,  or  by  adding  car- 
bon to  the  purer  wrought  irons,  or  by  mixing  and  melt- 
ing together  irons  containing  respectively  higher  and 
lower  percentages  of  carbon  ;  or  they  may  be  made 
directly  from  the  ore  by  deoxidizing  such  ore — that  is, 
reducing  it  to  the  metallic  state — and  adding  the  requisite 
quantity  of  carbon,   either  from  the   fuel  or  from    some 


process  is  thus  susceptible  of  a  great  variety  of  modifica- 
cations. 

The  Bessemer  process  for  the  manufacture  of  steel  has 
for  its  chief  feature  the  refining  or  decarbonization  of  pig- 
iron  in  the  vessel  known  as  the  Bessemer  converter  by  the 
oxygen  of  atmospheric  air,  which  is  generally  introduced 
at  the  bottom,  or  below  the  surface  of  the  bath  of 
melted  cast-iron,  but  which  may  be  introduced  downwards, 
from  the  surface.  The  carbon  is  burned  out  of  the  pig- 
iron  either  to  the  degree  required  to  form  steel,  and  then 
the  metallic  bath  is  poured  into  ingots,  or  the  carbon  may 
be  entirely  burned  out.  and  the  bath  recarbonized  to  the 
required  degree  by  an  addition  of  a  quantity  of  cast-iron. 
The  Bessemer  process  is  thus  chiefly  a  refining  process. 
It  may  be  the  combination  of  a  refining  process  and  a  re- 
carbonizing process,  but  it  may  also  be  a  refining  process 
in  combination  with    a  mixing,  dilution  or  reaction  pro- 
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cess,  in  so  far  as  llicrc  may  be.  and,  in  tact,  ihcre  usually 
is  added  to  the  bath  of  cast-iron  a  quantity  of  steel  scrap. 
As  I  have  already  stated,  in  all  processes  in  which  refin- 
ing is  a  feature  the  agent  of  refining  is  oxygen.  The  re- 
fining agent  in  the  Bessemer  operation  is  the  oxygen  of 
the  atmospheric  air. 

The  peculiarity  of  the  open-hearth  process  which  dis- 
tinguishes it  from  the  Bessemer  and  the  crucible  process 
is  that  the  operation  is  carried  on  upon  the  bed  of  a  rever- 
berators furnace,  and  the  bath  of  metal  is  exposed  to  the 
action  of  the  flame  which  traverses  its  surface,  althougii 
this  surface  may  be  protected  more  or  less  by  a  layer  of 
slag;  as  in  the  crucible  process,  so  in  the  open-hearth,  a 
great  variety  of  mixtures  may  be  made.  The  process  may 
be  either  refining  of  pig-iron  by  oxygen  derived  from 
various  sources  ;  it  may  be  a  dilution  of  the  carbon  of  the 
pig-iron  by  additions  of  wrought-iron  or  of  steel.  It  may 
be  a  reduction  and  a  carbonizing  process,  in  which  iron  ore 
is  the  principal  raw  material,  which  is  deoxidized  by  the 
addition  of  carbonaceous  substances.  It  may  be  a  carbon- 
izing process,  in  which  wrought-iron  or  low  carbon  steel 
is  the  principal  component  of  the  mixture — the  carbon- 
izing being  effected  by  carbonaceous  substances  or  by 
highly  carbonized  irons.  Or  it  may  be  either  one  of 
these  processes  or  a  combination  of  two  or  more  of 
them  in  combination  with  a  process  of  recarboniza- 
tion  by  the  addition  of  a  recarbonizer  such  as  I  have 
already  mentioned  in  the  crucible  and  Bessemer  pro- 
cesses. 

The  mixture  or  bath  of  the  open-hearth  furnace  maybe 
formed  in  a  variety  of  ways  ;  an  initial  bath  may  be  made 
of  pig-iron,  to  which  may  be  added  successively  and  in 
small  pieces  the  various  additions  for  the  purpose  of  dilut- 
ing ;  or  the  additions  may  be  made  to  the  pig-iron  all  at 
one  time,  either  before  or  after  the  latter  is  melted  ;  or  the 
initial  bath  may  be  of  wrought-iron,  or  of  steel,  to  which 
pig-iron  or  other  substances  may  be  afterwards  added 
Generally  speaking,  the  open-hearth  process  is  susceptible 


of  a  greater  variety  than  either  the  crucible  or  the  Besse- 
mer process,  inasmuch  as  all  the  possible  mixtures  of  both 
the  Bessemer  and  the  crucible  process  may  be  used  ;  they 
may  be  added  to  the  bath  either  separately  and  in  small 
pieces  or  all  at  one  time,  and  either  cold,  or  heated  or 
melted.  While  the  refining  of  the  crucible  process  is 
generally  accomplished  by  oxygen  derived  only  from 
oxides  of  iron  or  other  metals,  and  the  refining  in  the 
Bessemer  process  by  oxygen  derived  from  atmospheric  air 
alone,  possibly  supplemented  by  oxygen  derived  from 
steam  introduced  with  the  air.  the  refining  in  the  open- 
hearth  process  is  accomplished  by  oxygen  derived  both 
from  the  oxides  of  iron  or  other  metals  which  are  in  the 
original  mixture  or  which  may  be  added  to  the  bath,  and 
from  the  excess  of  oxygen  in  the  slag  which  lies  upon  the 
surface  of  the  bath,  as  well  as  from  the  excess  of  atmos- 
pheric air  or  of  carbonic-acid  gas  in  the  flame  which  tra- 
verses the  bath. 

The  open-hearth  process  also  gives  greater  facility  for 
testing  the  quality  of  metal  in  the  bath,  both  because  the 
furnace  is  of  a  more  convenient  shape,  and  because  the 
operation  may  be  delayed  for  any  length  of  time  by  the 
workmen  in  order  to  take  out  and  test  samples.  The 
number  of  possible  modifications  of  the  open-hearth  pro- 
cess is  so  great  that  they  cannot  all  be  specified;  but  I 
may  briefly  say  that  the  open-hearth  process  includes 
every  possible  method  of  producing  upon  the  bed  of 
a  reverberatory  furnace  a  metallic  bath,  whose  constitu- 
tion is  that  desired  in  the  finished  product,  namely,  cast 
steel,  and  casting  the  same  from  the  fluid  state  into  ingots 
or  other  masses  ;  and  open-hearth  steel  includes  all  varie- 
ties of  steel  which  are  cast  from  a  fluid  mass  contained 
upon  the  open-hearth  of  a  reverberatory  furnace,  what- 
ever may  have  been  the  method  used  to  produce  such 
fluid  mass. 

Mr.  Kent  has  furnished  us  the  following  diagram  of  the 
classification  which  he  adopted  in  his  testimony,  adding 
to  it  the  term  mitis,  which  was  not  known  in  1883. 


CLASSIFICATION  OF  IRON  AND  STEEL.— KENT 
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fore  pouring. 

+  No.  S.,  Wrought  Steel  including  Germ 
those  qualities  of  cast  steel  which  will  harde 


iven  to  a  new  product  i  having  the  same  general  qualities  and  produced  by  the  same  processes  a 
linguished  by  great  fluidity  in  pouring  and  casting,  which  is  secured  by  adding  an  alloy  of  alun 


■  and  shear  steel 


rly  an  obsolete  product,  having  been  replaced  in  commerce  by 
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STRONG'S   LOCOMOTIVE  "DUPLEX." 

A  DOUBi.E-page  engraving,  from  a  photograph  of  this 
remarkable  locomotive,  was  published  in  the  last  number 
of  the  JOURN.^L. 

This  locomotive  is,  in  many  respects,  a  new  departure 
from  ordinary  locomotive  practice.  It  was  built  for  heavy 
mountain  passenger  service  on  the  Lehigh  Valley  Kail- 
road,  at  the  Wilkesbarre  shops  of  tliat  company,  under 
the  supervision  of  Mr.  Alexander  Mitchell,  Division  Super- 
intendent of  that  line,  from  the  design  of  Mr.  George  S. 
Strong.  The  engine,  as  will  be  seen  from  the  engraving 
published  last  month,  has  si.x  coupled  driving-wheels.  62 
in.  diameter,  a  four-wheel  leading  truck  and  a  single-axle 
or  "  pony  "  trailing  truck  under  the  fire-boxes.  The  cylin- 
ders are  20  x  24  in.  The  total  weight  of  the  locomotive  is 
137,000  lbs.,  of  which  27.000  lbs.  is  on  the  leading  truck, 
90,000  lbs.  on  the  driving-wheels  and  20,000  lbs.  on  the 
trailing  truck.  This  makes  it  probably  the  most  power- 
iul  passenger  engine  ever  built. 

The  most  striking  and  most  novel  features  of  the  engine 


three  plates  formed  on  dies  in  a  hydraulic  press  and  then 
welded  up  and  flanged  out  to  join  the  ends  of  the  fire  and 
combustion  chambers,  so  as  not  to  expose  a  single  rivet 
to  the  direct  action  of  the  fire. 

The  combustion  chamber  is  also  a  welded  and  corru- 
gated steel  cylinder.  fla|iged  out  to  receive  a  full-sized 
tube-sheet.  These  internal  parts  are  capable  of  standing 
1,100  pounds  per  square  inch,  external  pressure.  The 
longitudinal  seams  on  the  outer  part  of  the  boiler  are  all 
welded,  and  the  circular  seams,  the  only  ones  riveted,  are 
united  by  a  double  row  of  rivets,  placed  as  shown. 

As  the  corrugated  fire-boxes  are  capable  of  resisting  a 
ver\-  great  external  pressure,  and  the  outside  casing  a 
pressure  internally,   no  stay-bolis  arc    required,  anl   we 


ARRANCEMEN' 


are  the  boiler  and  the  valve-gear.  Mr.  Strong  has  as- 
sumed that  for  heavy  and  fast  passenger  service  two 
"things  are  required,  first,  a  boiler  that  will  supply  an 
abundance  of  steam,  and  second,  a  valve-gear  that  will 
-admit  and  exhaust  the  steam  to  and  from  the  cylinders 
promptly.  With  a  view  to  securing  abundant  steam-gen- 
erating capacity  he  has  designed  the  boiler  represented 
by  figs.  I  to  6.  Fig.  2  shows  a  sectional  view,  on  a  verti- 
cal plane  through  the  center  of  the  boiler.  Fig.  i  shows  a 
half  section  on  a  horizontal  plane  through  the  center  line. 
Figs.  3,  5.  and  6  are  transverse  sections  through  the  fire- 
boxes, combustion  chamber  and  barrel  of  boiler,  respec- 
tively. The  engravings  are  from  a  standard  four-coupled  ex- 
press-engine, similar  to  the  Duplex  in  every  respect  except 
size. 

As  will  be  seen  from  the  engravings,  the  boiler  has 
a  double  fire-box.  the  fire-box  casing  being  bifurcated, 
resembling  somewhat  the  legs  of  a  pair  of  trousers.  Each 
ot  the  separate  fire-boxes  consists  of  a  steel  c\linder  which 
is  corrugated  circumferentially.  The  cylinders  are  united 
at  their  front  ends  to  a  single  combustion  chamber,  also 
composed  of  a  corrugated  steel  cylinder.  The  gases 
generated  in  the  fire-boxes  are  discharged  over  a  hollow 
bridge  where  they  receive  a  supply  of  heated  air  to  pro- 
duce perfect  combustion,  and.  by  alternate  firing,  an  in- 
candescent fire,  it  is  claimed,  can  always  be  maintained  in 
one  side  to  burn  the  gas  produced  in  the  opposite  fire- 
chamber,  which  has  been  charged  with  coal  last. 

The  steel  junction  piece,  by  which  the  fire-boxes  are 
united  to  the  combustion  chamber,  is  made  originally  of 


ARRANGEMENT   OF   RIVETS. 

thus  have  the  novelty  of  a  locomotive  boiler  entirely  with- 
out stay-bolts.  The  grate  area  is  62  square  feet,  and  the 
total  heating  surface  is  1,848  square  feet.  Figs.  7  to  12 
represent  the  cylinders  and  valves  of  this  engine,  and  figs- 
14  to  16  the  valve-gear,  which  is  described  as  follows  by 
the  inventor : 

"  It  is  a  well-recognized  fact  in  steam  engineering  that 
the  best  engine  is  the  one  that  gives  the  highest  initial 
and  lowest  terminal  pressures,  provided  it  is  tight  and  is 
working  up  to  its  full  capacity  (/.  e.,  has  a  full  load).  To 
do  this  there  must  be  a  good  admission,  an  early  cut-off, 
a  late  release,  a  free  exhaust  and  a  late  closure  of  exhaust, 
with  enough  compression  to  bring  the  pressure  of  the 
confined  steam  up  to  that  of  the  boiler  at  end  of  stroke. 
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"Much  has  been  written  on  this  question  of  compres- 
sion, and  some  have  asserted  that  it  was  impossible  to  run 
a  locomotive  at  a  highspeed  with  any  less  compression 
than  that  given  by  the  link  moli(in,  but  they  have  not 
taken  into  account  the  question  of  clearances.  We  have 
found  that  when  clearances  are  reduced  compression 
must  be  reduced,  and  that  with  an  engine  having  small 
clearances  a  very  small  amount  of  compression  answers 
every  purpose,  and  that  more  will  deaden  the  engine. 

"  Here  was  a  great  problem  to  solve,  and  one  that  has 
taken  years  of  careful  experiment  and  investigation.  We 
are  required  to  produce  an  engine  with  independent  steam 
and  e.xhaust  valves,  which  is  at  the  same  time  simple, 
durable  and  practical. 

"  Many  attempts  have  been  made  before,  and  many  fail- 
ures recorded.  Careful  investigation  soon  satisfied  the 
writer  that  the  flat  slide  or  gridiron  valve  was  the  only 
one  that  would  answer  the  purpose.  Valves  of  this  kind 
have  stood  the  test  for  years  with  high  pressure  steam  in 
both  stationary  and  marine  practice,  but  to  be  a  success 
these  valves  must  be  allowed  to  come  almost  to  rest  while 
the  load  is  upon  them  ;  wherever  previously  used  some 
form  of  cam  or  tappet  motion  had  been  employed  to 
actuate  them.  In  our  first  experiment  we  tried  a  device 
of  this  kind,  but  soon  found  that  with  the  rapid  mo- 
tion of  a  locomotive  it  would  not  do  at  all.  We  then 
devised  the  very  simple  arrangement  of  rocker  shown 
which  is  so  adjusted  that  after  a  valve  has  traveled  its  lap 
it  comes  to  nearly  a  full  stop,  while  the  corresponding 
valve  at  the  other  end  of  the  cylinder  is  doing  its  work, 
and  as  the  load  comes  upon  the  valve  during  this  period 
of  rest  there  is  very  little  wear.  As  the  steam  of  compres- 
sion comes  up  under  the  valve  at  its  period  of  opening 
there  is  a  still  further  relief,  while  the  exhaust  valve  does 
not  move  until  it  is  relieved  by  e.xpansion. 

"The  method  of  introducing  the  valves  and  seats  is 
clearly  shown  by  the  drawings.  The  valve-seats  are  plugs, 
fitting  in  holes  bored  in  the  passages  from  the  saddle  to 
the  cylinder,  the  ordinary  steam-chest  being  dispensed 
-with.  The  valves  are  let  into  grooves  milled  or  planed 
in  the  seats,  so  arranged  that  the  valves  are  free  to  move 
up  and  down  in  the  seats. 

"There  are  ten  ports  in  each  seat  on  a  19  x  24  in.,  or 
a  20  X  24  m.  cylinder,  each  port  being  4^  in.  long  and 
%  in.  wide,  giving  a  total  port  length  of  46X  in.,  in  each 
valve.  This  length  is  also,  of  course,  that  of  the  lead  line, 
as  against  the  16  in.  of  an  ordinary  locomotive.  This 
.arrangement,  even  when  the  engine  is  making  250  revo- 
lutions per  minute,  gives  an  initial  pressure  within  2  pounds 
■of  boiler  pressure,  and  does  not  allow  more  than  5  pounds 
drop  to  the  point  of  cut-off ;  while  the  ordinary  form  of 
valve  will  entail  a  loss  of  1 5  pounds  between  boiler  and 
initial  pressures,  and  another  15  during  the  period  of  ad- 
mission, making  a  loss  of  30  pounds  between  boiler  pres- 
sure and  that  at  the  point  of  cut-off  ;  while  under  similar 
circumstances  we  do  not  by  any  chance  lose  10  pounds. 
We  cut  off  at  4  in.,  and  hold  on  to  the  steam  until  the  last 
inch  of  piston  travel,  thus  getting  6  expansions.  The  ex- 
haust does  not  close  until  3J-<  in.  from  the  end  of  the 
return-stroke,  avoiding  excessive  compression.  An  ordi- 
nary locomotive  loses  33  per  cent,  of  the  mean  effective 
pressure  from  compression,  which  necessitates  a  late  cut- 
off and  not  more  than  3  expansions,  in  order  to  maintain 
the  same  mean  effective  pressure  that  we  get  with  6  ex- 
pansions.    Now,    it   will   be  readily   seen   why  the   link- 


motion  is  not  good  for  very  fast  and  heavy  work.  It  can 
neither  get  the  steam  in  nor  out  properly.  In  losing  at 
both  ends,  it  exhausts  at  too  high  a  pressure  and  does 
not  allow  an  initial  pressure  at  all  near  that  of  the  boiler. 
All  these  objections  are  entirely  overcome  by  the  valve- 
gear  shown,  which  is  o£  the  radial  type. 

"The  motion  for  all  the  valves  on  one  side  of  the  en- 
gine is  obtained  from  a  single  eccentric,  one  motion  of 
the  lever  attached  to  the  eccentric  moving  the  valves 
the  amount  of  their  lap  and  lead,  and  another  motion 
produces  the  opening  in  addition  to  the  lead.  There 
are  two  levers  worked  from  the  same  eccentric  strap  ;  one 
being  bolted  rigidly  to  it,  while  the  other  has  a  pin 
forged  on  the  end  of  it.  This  pin  has  a  bearing  in  a 
bushed  hole  in  the  strap  itself.  Both  these  levers  have 
a  fulcrum  pin,  at  a  certain  distance  from  their  ends, 
connected  with  one  end  of  a  link  whose  other  end  is 
hung  by  means  of  a  pin  from  a  block,  capable  of  being 
moved  along  a  sector  or  arc.  The  path  of  the  pin,  when 
moved  along  this  arc,  is  radial  to  the  fulcrum  pin  already 
mentioned.  Thus  the  position  of  this  block  on  its  sec- 
tor, which  is  regulated  through  the  medium  of  a  reach 
rod  by  the  lever  in  the  cab,  determines  the  inclination  of 
the  travel  of  the  fulcrum  pin.  When  the  block  stands 
in  the  center  of  the  sector,  as  shown  on  the  drawing, 
there  is  no  inclination  to  the  travel  of  the  pin,  and  the 
valve  is  moved  only  the  amount  of  lap  and  lead.  If, 
however,  the  block  is  moved  forward  on  the  sector,  the 
fulcrum  pin  travels  over  an  inclined  path,  which  incline 
represents  the  opening  of  the  valve  in  addition  to  the 
lead,  and  the  engine  moves  forward  ;  and  if  the  block  is 
moved  forward  to  the  end  of  the  sector,  the  full  travel  of 
the  valve  is  given,  and  steam  follows  the  piston  20  in.  of 
its  24-in.  stroke  ;  if,  on  the  other  hand,  the  block  is 
moved  back  past  the  center,  the  path  of  the  fulcrum  pin 
is  reversed,  and  the  engine  will  run  backwards.  Thus 
it  will  be  clearly  seen  that,  by  varying  the  position  of 
the  block  on  the  sector,  the  travel  of  the  valve  is  varied 
as  well  as  the  point  of  cut-off,  which  latter  may  be  any- 
where between  4  in.  and  20  in.  In  all  cases  the  exhaust 
valve  is  allowed  to  travel  its  full  stroke,  and  as  it  is 
worked  by  the  lever  having  the  pin  forged  on  its  end, 
and  from  a  separate  fulcrum  pin,  with  an  independent 
link,  block  and  sector,  its  travel  may  be  varied  at  will, 
and  so,  of  course,  may  the  steam  valve.  In  ordinary 
working,  however,  the  exhaust  block  is  never  moved  on 
its  sector,  except  for  reversing,  when  both  steam  and  ex- 
haust blocks  are  moved  at  the  same  time ;  after  the  en- 
gine is  started  the  steam  valves  are  hooked  up,  but  the 
exhaust  is  not  disturbed.  The  steam  valves  are  given 
yi-\n.  lead  and  the  exhaust  -^-^  in." 

The  performance  of  this  engine  will  be  watched  with 
a  great  deal  of  interest.  It  is  now  in  service  on  the  Le- 
high Valley  Railroad,  and  it  is  reported  that  it  makes  an 
abundance  of  steam  with  the  fastest  and  heaviest  trains 
up  the  mountain  grades  of  96  ft.  per  mile,  doing  the  work 
of  two  ordinary  locomotives  with  the  finest  buckwheat  or 
pea  coal  (anthracite),  or  with  screenings  with  all  the  culm 
in  it. 

This  locomotive  is  controlled  by  the  Strong  Locomo- 
tive Company,  of  239  Broadway,  New  York,  of  which  com- 
pany Mr.  A.  G.  Darwin  is  President ;  George  S.  Strong, 
Chief  Engineer.  The  directors  of  the  company  are  :  A.  G. 
Darwin,  C.  C.  Worthington,  Thomas  F.  Rowland,  H.  G. 
Morris,  Geo.  D.  McCreery,  Geo.  H.   Meyers,  and  Geo.  S. 
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Stroiifi.  It  is  the  inteiuion  of  this  company  to  have  the 
locomotives  built  by  regular  builders  except  the  boiler, 
which  requires  special  machinery  for  welding,  Hanging; 
and  corrugating.  This  machinery  the  Continental  Iron 
Works,  of  Greenpoint,  Brooklyn,  have  constructed  and 
have  in  operation,  and  they  will  make  the  boilers,  or  sup- 
ply the  welded,  flanged  and  corrugated  parts  forthcir  con- 
struction elsewhere.  The  other  parts  of  the  locomotive 
do  not,  of  course,  require  any  special  plant  or  other  tools 
than  those  found  in  any  shop  well  equipped  for  locomo- 
tive building. 


Latowski's  Bell-Ringer. 

The  accompanying  engraving  represents  a  bell-ringer 
invented  and  patented  by  Mr.  Robert  Latowski,  of  Mu- 


I'or  the  purpose  of  increasing  the  lift  or  stroke  of  the 
valve  and  hammer,  the  valve  is  provided  with  an  interior 
ring  or  boss,  which,  acting  as  a  loose  piston,  does  not  close 
the  opening  tightly,  but  requires  a  certain  lift  to  give  free 
egress  to  the  steam. 

When  at  rest  (as  shown  in  the  cut)  the  hammer  does 
not  touch  the  bell,  but  wlien  the  valve  closes  the  weight 
of  the  hammer  and  the  spring  of  the  handle  cause  it  to 
strike  ;  the  rebound  from  the  bell  also  assists  in  the  open- 
ing of  the  valve.  The  spring  or  handle  carrying  the  ham- 
mer is  prolonged  over  the  hinge  of  the  valve,  serving 
both  as  a  check  to  prevent  it  from  opening  too  widely 
and  as  a  spring  to  assist  its  rapid  closing. 

A  small  hole  is  bored  at  the  bottom  of  the  chamber  to 
discharge  any  water  which  may  form  inside  it  by  con- 
densation. 


LATOWSKl  S   BELL-RINGER. 


nich,  Germany,  which  has  already  come  into  extensive 
use  (over  1,500  having  been  made)  on  German  railroads, 
and  also  for  steamboats,  factories,  etc. 

As  will  be  seen  from  the  engraving— a  cross-section 
through  the  center — the  bell-ringer  is  a  box  or  chamber, 
to  which  the  bell  is  secured  at  the  top  by  a  nut  or  collar. 

Steam  is  admitted  into  the  chamber  by  a  small  open- 
ing at  the  bottom.  At  the  top  is  a  much  larger  opening, 
which  is  closed  by  a  safety-valve  ;  to  this  safety-valve  is 
attached  the  hammer,  which  strikes  on  the  outside  of  the 
bell.  Owing  to  the  size  of  the  safety-valve  opening,  a 
larger  amount  of  steam  will  escape  than  that  entering  the 
chamber  in  a  given  time,  and  the  sudden  decrease  of 
pressure  thus  produced  will  cause  the  valve  to  shut 
quickly.  The  admission  of  steam  being  continuous,  the 
opening  and  closing  of  the  safety-valve  will  produce  a 
continuous  oscillation  of  the  hammer  attached  to  it,  and 
a  consequent  ringing  of  the  bell. 


In  practice  it  is  found  that  a  steam  pressure  of  about 
two  atmospheres  is  quite  sufficient  for  the  working  of 
this  apparatus,  and  that  the  bell  will  be  struck  at  regular 
intervals,  while  the  operator  or  engineer  will  readily  learn 
to  give  such  signals  as  may  be  desired. 

The  size  which  the  makers  recommend  as  suited  to 
large  locomotives  has  a  bell  (of  cast  steel)  about  1934  in. 
diameter,  the  weight  being  about  170  lbs.  The  apparatus 
can,  of  course,  be  made  of  any  size  required. 

Enterprising    Journalism. 

The  followmg  correspondence  has  been  made  public : 
"  Jiidge  Thomas  Russell,  C/tairmaii  Massachusetts  Board 
of  Railroad  Commissioners,  Boston,  Mass. — Dear  Sir  : 
We  beg  to  inform  you  that  we  now  have  in  our  possession, 
subject  to  your  order  for  production  at  the  investigation 
of  the  late  disaster,  the  two  broken  hangers  which,  in 
1    our  judgment,  were  undoubtedly  the  immediate  cause  of 
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the  disaster,  since  nothing  worse  can  have  existed  in  a 
bridge  which  stood  up  1 1  years,  and  they  came  from  just  the 
point  where  the  facts  seem  to  require  the  brcali  to  have 
been— -iL  the  first  panel  of  the  north  truss  from  the  farther 
abutment. 

"  They  are  the  two  floor-beam  hangers.  One  of  them 
was  cut  completely  ofl  at  two  points  by  old  and  deeply 
rusted  breaks,  leaving  about  one-twentieth  inch  effective 
section.  It  would  not  hold  up  100  pounds  safely.  The 
other  is  cut,  likewise,  by  two  old  rusted  cracks  at  two  dif- 
ferent points,  for  about  one-fourth  its  periphery  and  one- 
eighth  its  section.  It  would  safely  carry  about  a  ton,  per- 
haps. 

"  We  sent  Mr.  Henrj'  S.  Pritchard,  civil  engineer,  a 
practical  bridge  man,  to  get  the  bottom  facts  for  us,  if  he 
could,  and  he  did  so.  He  arrived  on  the  ground  27  hours 
after  the  accident,  spotted  the  probable  cause  of  the  diffi- 
culty, noted  that  the  broken  parts  were  being  hauled  otT, 
to  be  scraped,  apparently  ;  asked  one  of  the  laborers  em- 
ployed in  the  work  to  knock  out  the  pin  for  him,  and  set 
these  broken  parts  free,  which  he  did  at  once,  and  brought 
them  on  to  us  in  accordance  with  his  general  instructions 
to  pick  up  any  specmiens  of  technical  interest  he  could  get. 
We  had  no  idea  nor  expectation  of  being  able  to  pick  the 
key  to  the  whole  mystery  out  of  the  scrap  heap,  but,  hav- 
ing done  so,  propose  to  see  that  proper  use  is  made  of  it, 
by  delivering  the  specimens  only  to  the  proper  party,  and 
we  hope  only  for  investigation  purposes,  We  shall  ex- 
hibit the  specimens  at  the  meeting  of  the  American  So- 
ciety of  Civil  Engineers  to-night,  and  I  would  like  that 
they  should  remain  the  property  of  the  society, 

"  I  should  add  that,  beside  the  cracks,  the  workmanship 
and  material  of  the  two  specimens  are  both  execrable. 
Taking  into  account,  likewise,  the  nondescript  character 
of  the  bridge  '  design  '  as  a  whole,  the  Ashtabula  Bridge 
was  a  triumph  of  engineering  compared  with  it. 

"  We  have  received  to-day  the  subjoined  dispatch  (or 
Mr.  Pritchard  did)  from  an  engineer  in  Boston  who  has 
likewise  acted  for  us  in  this  matter. 

" '  Henry  S.  Pritchard,  care  Wellington,  Engineering 
Neivs,  Tribune  Building.  N.  Y.:  Prof.  Vose,  having  au- 
thority (all  italics  ours)  says  that  if  broken  pieces  are  sent 
at  once  to  the  Superintendent  of  the  Boston  &  Providence 
Railroad,  «('  remarks  will  bt  made.  You  need  not  come 
now.     Probably  you  won't  have  to  come  at  all.' 

"  We  don't  know  what  remarks  it  was  supposed  would 
be  made,  but  as  we  came  in  possession  of  the  specimens 
in  a  perfectly  proper  way  and  in  the  public  interest,  as 
did  also  Mr.  Pritchard,  anyone  is  at  liberty  to  make  any 
remarks  they  p.ease,  so  far  as  we  are  concerned,  and  we 
shall  exercise  the  same  privilege  in  the  Engineering  News. 
As  an  engineer  and  Massachusetts  man  I  blush  that  such 
things  are  possible  in  the  State,  and  I  hope  our  spade  will 
be  called  a  spade  in  the  findings  of  the  commission.  Re- 
spectfully, "A.  M.Wellington, 

"  Editor  Engineering^  Ale7vs. 

"  March  i ;,  1887." 


"A.  M.  Wellington,  Esq.,  Editor  Engineering  News. — 
Dear  Sir :  In  your  favor  of  15th  inst.  you  notify  us  that 
you  have  portions  of  two  broken  floor-beam  hangers  taken 
from  the  wreck  at  the  South  Street  crossing  on  the  Bos- 
ton &  Providence  Railroad,  and  that  they  exhibit  old  and 
deeply  rusted  breaks,  which,  in  your  judgment,  were  the 
immediate  cause  of  the  disaster. 

"  The  other  portions  of  these  same  two  hangers,  show- 
ing the  other  sides  of  the  breaks,  are  now  in  the  office  of 
the  Commissioners,  having  been  preserved  by  the  com- 
pany and  sent  to  us,  in  accordance  with  an  agreement  en- 
tered into  the  day  before  your  reporter  made  his  discov- 
ery. Both  portions  of  the  two  broken  hangers  were  ex- 
amined by  several  experts  and  by  myself  three  or  four 
hours  after  the  accident,  and  it  was  at  that  time  that  the 
company,  in  accordance  with  my  request,  agreed  to  pre- 
serve them.  Furthermore,  an  expert  was  employed  by 
the  Commissioners,  and  another  by  the  railroad  company, 
to  make  a  critical  examination  of  the  whole  wreck,  and  to 
see  that  any  other  important  portions  were  also  preserved. 
The  portions  of  the  hangers  in  your  possession  belong  to 
the  railroad  company  and  not  to  us,  and  we  have  no  doubt 


that  the  company,  as  soon  as  they  are  restored  to  it.  will 
at  once,  in  accordance  with  its  agreement,  place  them  be- 
fore us  for  further  examination.  Upon  this  point  you 
need  have  no  anxiety. 

"  It  is  not  for  us  to  characterize  the  action  of  a  reporter 
who,  taking  advantage  of  the  privileges  accorded  him. 
carries  off  important  portions  of  a  wreck  without  the  con- 
sent of  the  owner,  but  you  can  readily  see  that  it  would 
be  necessary  to  exclude  all  reporters  from  access  to 
wrecks  if  the  course  adopted  by  Mr.  Pritchard,  in  accord- 
ance with  your  instructions,  was  considered  justifiableand 
should  be  adopted  by  other  journalists. 

"  We  appreciate  the  evident  desire  to  be  helpful  which 
prompted  your  action,  and  thank  you  for  the  expert 
opinion  contained  in  your  letter. 

"  Hon.  Thomas  Russell,  the  late  Chairman  of  the  Board, 
to  whom  your  letter  was  addressed,  died  about  a  month 
ago.  Yours, 

"  George  G.  Crocker,  Chairman. 
"  For  the  Board  of  Railroad  Commissioners." 


Steel  :      Its   Properties  ;      Its    Use  in    Structures    and 
Heavy    Guns. 


Mr.  Metcalf  begins  his  paper  by  a  few  definitions, 
made  necessary  by  some  apparent  confusion  in  recent 
writings. 

The  word  temper  has  two  distinct  meanings  among 
steel-makers.  Applied  to  steel  not  hardened,  the  temper 
is  said  to  be  mild,  medium  or  high,  according  to  the 
amount  of  carbon  the  steel  contains;  thus  we  recognize 
and  use  daily  in  the  crucible-steel  business  tempers,  each 
so  distinct  from  the  other  in  the  fractured  ingots,  that 
there  is  no  uncertainty  in  their  selection  and  separation. 

The  mean  dilYerence  in  carbon  between  any  two  adja- 
cent tempers  is  .07  per  cent.  When  speaking  of  the  tem- 
per of  a  piece  of  tempered  steel,  the  final  condition  of  the 
steel  is  referred  to,  tfiat  is  to  say,  it  is  straw-color,  orange, 
light  brown,  brown,  pigeon-wing  or  blue,  as  the  case  may  be. 
If  the  piece  has  not  had  the  temper  drawn,  it  is  said  to  be 
hardened  and  not  tempered. 

To  temper  a  piece  of  steel  is  to  heat  it,  harden  it  by 
quenching,  and  to  draw  the  temper  to  the  color  or  degree 
of  softness  required. 

The  recent  United  States  Navy  specifications  would 
read  better  if  they  said  to  be  annealed,  hardened  in  oil, 
and  to  have  the  temper  all  drawn  out. 

Steel-makers  call  the  last  operation  drawing  black. 

Annealing  steel  is  the  operation  of  heating  it  slowly 
and  uniformly  to  the  necessary  degree  to  soften  it.  or  to 
relieve  internal  strains,  or  to  secure  uniformity  of  texture. 

The  question  of  what  is  steel  was  left  in  a  mixed  state 
by  recent  discussions.  The  law  says  that  "  steel  is  iron 
which  has  been  produced  by  fusion  by  any  process,  and  is 
malleable." 

Mr.  Metcalf  offers  a  new  definition  :  "  Iron  is  a  liquid." 
This  was  suggested  independently  by  two  persons,  U.  S. 
Senator  John  T.  Morgan  and  Prof.  John  W.  Langley,  of 
the  University  of  Michigan.  Professor  Langley  was  the 
first  to  observe  the  varying  rate  of  expansion  due  to  in- 
crease of  temperature  between  high  steel  and  low  steel. 
He  was  also  the  first  to  note  the  presence  of  free  oxygen 
dissolved  in  iron,  a  discovery  confirmed  by  late  researches 
of  European  chemists. 

This  liquid,  which  we  will  consider  now  in  the  form 
known  as  steel,  congeals  at  a  high  temperature;  as  it  con- 
geals it  crystallizes  in  as  many  forms  almost  as  are  to  be 
found  in  snow-flakes.  The  sizes  and  forms  of  the  crys- 
tals are  affected, yf;-.?/,  largely  by  the  rate  of  cooling;  slow 
cooling  favors  the  formation  of  large  crystals  and  quick 
cooling  produces  small  crystals.  Chernoff  observed  far- 
ther that  agitation  produced  fine  crystals,  and  gave  this 
as  the  reason  why  a  heavy  hammer,  thoroughly  and 
quickly  applied  at  the  right  time,  produced  fine  grain,  in- 
creased density  and  greater  strength. 

Second.— "Xhe.  size  and  form  of  the  crystals  is  aflfected 
by  the  foreign  substances  present. 


Vol.  LXI.  No.  4.] 


ENGINEERING    JOURNAL. 


166 


The  effects  of  carbon  are  so  even  in  vvell-meltcd  ingots 
tliat  15  tempers  can  be  selected  with  certainty,  and  skilled 
operators  can  even  make  this  into  30  tempers. 

Third. — The  crystals  are  affected  by  the  walls  of  the 
mould  in  which  the  liquid  is  cooled. 

This  is  very  marked  in  chilled  iron,  and  in  what  the 
melters  call  scalded  ingots.  The  effect  of  the  wall  can  be 
noticed  also  in  any  casting. 

When  steel  congeals,  the  foreign  substances  are  driven 
out  to  some  extent  by  sudden  cooling,  just  as  cold  ice  is 
clearer  and  sounder  and  stronger  than  slowly-formed  ice. 

In  chilled  iron  the  graphitic  particles  are  found  iust  at 
the  edge  of  the  chill ;  a  scalded  ingot  looks  like  chilled 
iron,  but  the  crystals  are  not  hard  like  the  crystals  of  a 
true  chill,  and  polarized  ingot  would  be  a  better  name. 
Such  ingots  are  weak  and  brittle. 

There  is  much  evidence  to  show  the  tendency  to  the 
extrusion  of  foreign  elements  as  molten  steel  cools,  of 
which  the  two  cases  following  are  given. 

An  ingot  weighing  several  tons  was  drilled  at  the  top 
and  bottom,  and  analyses  gave 

For  the  top.  For  the  bottom. 

Silicon 025  .078 

Phosphorus .014  .032 

Sulphur .03^  .027 

Manganese 506  .425 
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A  large  bar  of  steel  made  for  rolls  by  Krupp,  of  Essen, 
was  turned  and  bored,  and  the  turnings  were  analysed, 
with  the  following  result : 

Outer.  Inner. 

•     Silicon ,30  .195 

Phosphorus .044  .050 

Sulphur .000  .005 

Manganese 448  .425 

Copper 234  .224 

Carbon ....          .852  t  020 

The  latter  case  is  not  so  marked,  except  in  the  carbon, 
as  in  the  case  of  the  ingot,  3'et  these  two  cases  indicate 
that  the  elements  sink  by  gravity,  and  leave  the  surface  as 
it  cools. 

In  the  light  of  the  liquid  theory,  the  above  cases  illus- 
trate a  reason  for  the  well-known  unequal  distribution  of 
the  elements  in  steel. 

They  also  point  to  the  idea  that  the  elements  in  steel 
are  there  as  alloys  or  in  solution,  and  not  in  chemical 
combination.  It  may  be  true  that  there  is  a  definite  car- 
bide of  iron  in  steel,  yet,  if  there  is,  it  is  evidently  there  in 
solution. 

Mr.  Metcalf's  experience  leads  him  to  believe  that  there 
is  no  property  of  steel  which  is  not  common  to  cast-iron  : 
for  instance,  the  hardening  of  steel  and  chilling  of  cast- 
iron,  and  the  softening  of  either  by  heat.  He  believes 
that  from  the  mildest  steel,  containing  only  traces  of  car- 
bon, to  the  highest  cast-iron,  we  have  simply  one  sub- 
stance, iron,  containing  various  quantities  of  alloys  or 
substances  in  solution,  and  that  the  properties  which  we 
observe  vary  only  in  degree,  due  to  the  quantity  of  alloy 
that  is  present. 

In  considering  the  effect  of  temperature  on  steel,  Mr. 
Metcalf  says  that  it  is  well  known  to  all  workers  in  steel 
and  cast-iron,  that  the  whole  structure  of  the  ingot  or 
casting  varies  very  decidedly  with  the  temperature  at 
which  the  metal  is  poured,  and  this  fact  is  constantly 
made  use  of  to  produce  desired  results.  But  outside  of 
those  who  have  a  large  and  varied  experience  with  steel, 
it  is  not  so  generally  known  what  a  mercurial  substance 
it  is,  both  in  volume  and  structure;  and  that  in  every 
piece  of  steel  that  is  in  existence  to-day,  there  is  a  sure 
record  of  the  last  temperature  to  which  it  was  subjected, 
as  well  as  of  the  manner  in  which  the  steel  was  worked. 

For  every  variation  of  heat  which  is  visible  to  the  naked 
eye  there  is  a  corresponding  variation  in  structure,  which 
is  equally  visible  to  the  naked  eye  if  the  record  be  opened 
by  fracturing  the  piece. 

Professor  Langley's  research  on  the  specific  gravity  of 
differently  heated  pieces  of  steel,  shows  that  there  is  also 
a  different  specific  gravity  for  each  difference  of  struc- 
ture. 

This  being  the  case,  there  is  of  necessity  a  permanent 
internal  strain  for  every  variation  in  specific  gravity,  be- 
cause each  change  in   specific  gravity  means,  of  course,  a 


corresponding  change  in  volume.  These  strains  vary 
from  the  slightest  up  to  those  that  jiroduce  rupture  ;  the 
piece  cracks. 

A  piece  of  0.53  carbon  steel  will  vary  in  specific  gravity 
from  7.844  to  7.818,  from  the  bar  finished  at  ordinary  red 
heat  to  the  bar  cooled  from  a  scintillating  heat  respectively, 
a  difference  of  0.026.  A  bar  of  1.079  carbon,  under  the  same 
conditions,  will  vary  in  specific  gravity  from  7.825  to 
7.690,  a  difference  of  0.135. 

This  shows  that  for  a  double  quantity  of  carbon  we 
have  five  times  the  difference  in  specific  gravity,  due  to 
an  equal  difference  in  temperature.  This,  the  writer  be- 
lieves, is  the  '■  mystery  "  of  the  brittleness  and  the  ten- 
dency to  crack  in  high  steel.  If  engineers  who  are  in 
the  habit  of  dealing  with  structural  steels  are  disposed  to 
think  that  these  are  both  cases  of  high  steel,  he  explains 
that  these  particul  tr  experiments  were  made  on  a  fine 
grade  of  tool  steel,  and  that,  compared  to  the  ordinary 
Bessemer  and  open-hearth  steels,  the  0.53  carbon  tool 
steel  would  grade,  in  softness  and  ductility,  about  the 
same  as  0.25  carbon  Bessemer  steel. 

Experience  teaches  that  this  rule  of  change  in  volume 
holds  good  all  the  way  through  the  carbon  series.  A  piece 
of  o.  10  carbon  steel  may  be  heated  white  hot  and  plunged 
into  water  without  breaking  it;  but  if  the  same  piece  be 
quenched  at  a  red  heat,  and  also  at  a  white  heat,  in  differ- 
ent parts,  and  the  parts  are  then  broken,  the  different 
grains  of  the  pieces  will  present  a  record  of  temperatures 
which,  once  seen,  will  never  be  forgotten.  On  the  other 
hand,  if  a  piece  of  steel  of  1.079  carbon  be  quenched  at  a 
bright  orange  color,  it  will  be  a  very  remarkable  piece  of 
steel  if  it  does  not  fly  to  pieces. 

This  question  brings  us  to  the  subject  of  annealing,  a  con- 
sideration of  which  will  bring  out  some  of  the  most  useful 
and  important  properties  of  steel.  Every  piece  of  steel  is  at 
its  best  in  all  physical  properties  when  it  has  been  annealed, 
so  that  it  is  in  the  condition  which  steel-makers  call  re- 
fined, that  is  to  say,  when  the  grain  is  in  the  finest  condi- 
tion possible,  or  when  its  crystals  are  the  most  minute 
and  most  uniform  in  size. 

This  statement  is  subject  to  a  slight  modification  in  con- 
sidering a  piece  of  hardened  steel  ;  when  steel  is  hardened 
properly  the  grain  is  slightly  finer  than  it  would  have  been 
if  it  had  been  allowed  to  cool  slowly  ;  but  the  difference 
is  very  slight,  and  if  the  hardened  piece  be  subsequently 
annealed  this  difference  disappears. 

Each  temper  of  steel  refines  at  a  different  temperature. 
A  piece  of  0.10  carbon  steel  will  refine  probably  at  a 
lemon  color.  .A  piece  of  0.30  carbon  steel  will  refine  at  a 
dark  lemon  or  bright  orange  color.  .\  piece  of  i.oo  car- 
bon steel  will  refine  at  a  dark  orange  color,  or  the  color 
that  is  reached  just  as  the  last  shades  of  black  disappear. 
As  a  rule,  the  best  heat  to  harden  at  is  the  refining 
heat,  and  the  same  heat  is  a  good  guide  for  annealing,  al- 
though the  heat  may  be  raised  very  slightly  in  annealing 
high  steel,  but  it  should  be  done  with  great  care,  and  it 
should  be  lowered  considerably  in  annealing  mild  steel  to 
avoid  over-anneaiing.  It  is  remarkable,  and  probably  the 
most  important  property  of  steel,  that,  no  matter  what  the 
grain  may  be,  no  matter  how  coarse  from  over-heating,  or 
how  irregular  from  uneven  heating,  if  it  be  heated  uni- 
formly to  the  refining  heat  and  kept  at  that  heat  long 
enough,  the  crystals  will  change  in  size  and  will  all  be- 
come small  and  uniform,  so  that  the  fracture  will  be  so 
even  that  it  will  be  called  fine-grained  and  amorphous. 
The  magnifying  glass  will,  however,  reveal  a  crystalline 
structure  in  the  most  beautifully  refined  steel.  If  a  piece 
of  chilled  cast-iron  be  kept  at  a  bright  red  heat  for  an 
hour  or  two,  the  chill  will  not  only  become  soft,  but  the 
long  cHi'stals  will  disappear  altogether,  and  the  whole 
piece  will  be  ordinary-looking  graj'  cast-iron. 

If  a  scalded  or  polarized  ingot  be  kept  at  a  bright  red 
heat  for  an  hour  or  two,  it  also  will  lose  every  trace  of 
its  needle-like  polarized  crystals,  and  will  become  a  uni- 
form fine-grained  piece  of  steel,  and  it  will  be  as  tough  as 
if  it  had  never  been  scalded  and  brittle. 

If  any  ingot  be  annealed  properly  it  will  lose  every  ves- 
tige of  its  distinctive  carbon  crystallization  ;  it  will  become 
refined  and  tough. 

Unannealed   ingots  are   brittle,   easily    broken  with    a 


i67 


THE     RAILROAD     AND 


f  April,  1887. 


sledge,  and  arc  distinctively  marked  ;  annealed  ingots  are 
fine-grained  and  tough,  and  must  be  cut  with  a  set  to  be 
broken  ;  and  when  broken  an  eflort  to  grade  them  by  the 
fractures  is  the  wildest  guess-work,  in  which  none  but  a 
great  expert  should  indulge.  If  a  well-annealed  piece  of 
steel  is  the  best  piece  of  steel  in  every  respect,  an  over- 
annealed  piece  of  steel  is  the  very  worst  piece,  and  should 
always  go  right  back  into  the  melting  furnace.  Over- 
annealed  steel  is  brittle,  harsh,  not  ductile,  will  not 
harden,  and  will  not  temper,  and  there  is  no  way  but 
melting  to  make  it  good. 

The  time  required  for  annealing  is  longer  for  a  large 
than  a  small  piece ;  the  correct  time  must  be  arrived 
at  by  experience. 

The  writer  then  considers  the  question  whether  steel 
and  iron  crystallize  in  service  after  a  long  duty,  and  hav- 
ing been  subjected  to  many  repetitions  of  strains,  vibra- 
tions and  shocks.  If  it  be  true  that  the  largest  crystals 
and  the  coarsest  and  weakest  structure  are  formed  when 
iron  and  steel  are  allowed  to  cool  slowly  and  in  a  state  of 
rest ;  and  if  the  finest  crystals  and  the  best  structure  can 
only  be  formed  by  quick  cooling  and  the  violent  agitation 
of  the  hammer  or  of  the  rolls  ;  or  by  careful  heating  to 
just  the  right  temperature  to  cause  the  formation  of  fine 
crystals,  it  would  seem  somewhat  anomalous  to  assume 
that  this  is  all  reversed  in  the  cold  state,  and  that  cold 
iron  and  steel  can  be  shaken  up  into  coarse  crvstah  and 
a  weak  condition. 

It  may  be  possible  that  such  an  anomaly  could  exist, 
but  it  seems  more  reasonable  to  suppose  tliat  when  an 
axle  or  a  crank-pin  breaks  and  develops  in  the  interior 
large,  fiery  and  weak  crystals,  that  those  crystals  were 
formed  there  by  too  much  heat,  too  slow  cooling,  and  too 
little  work  when  the  piece  was  formed. 

It  is  proper  to  remark  here  that  the  hammering  of  a 
round  piece  between  fiat  dies  is  a  dangerous  operation  ;  it 
is  a  common  thing  to  find  round-hammered  bars  of  steel 
burst  in  the  middle  for  long  distances,  of  which  there  is 
no  evidence  at  the  ends  or  on  the  surface ;  therefore, 
round  pieces  for  structural  purposes  would  be  safer  if 
they  were  hammered  in  swedges  or  rolled  in  grooves. 

Piped  ingots  should  be  looked  after  too  ;  it  is  quite 
likely  that  the  hollow  rail  that  broke  with  such  disas- 
trous results  in  New  England  lately  was  rolled  from  a 
piped  billet. 

As  to  the  physical  properties  of  steel,  mild  steel,  such 
as  is  used  commonly  for  structural  purposes,  is  more  duc- 
tile, stronger  and  tougher  than  iron  ;  it  is  more  easily 
and  safely  produced  in  large  masses  than  iron,  and  when 
worked  properly  it  can  be  put  into  the  most  difficult 
shapes,  and  be  made  to  do  good  duty. 

High  steel  is  hard  and  brittle,  and  generally  of  great 
tensile  strength  ;  its  use  is  hazardous,  because  of  its  great 
change  of  volume  for  a  slight  change  of  temperature  :  yet 
it  can  be  made  very  ductile  by  careful  annealing. 

When  steel  is  to  be  subjected  to  repeated  deflections  or 
alternations  of  strain,  the  mild  steel  is  the  more  endur- 
ing ;  but  when  steel  is  to  be  subjected  to  rapid  vibrations, 
as  in  a  pitman  or  a  hammer  rod,  a  higher  steel  is  much 
better  than  dead  soft  steel.  In  using  higher  steel,  how- 
ever, it  is  important  to  have  it  w^ell  annealed  and  per- 
fectly smooth.  Instances  have  been  known  where  a  break 
in  a  hammer-rod  could  be  traced  to  a  slight  tool-mark. 
No  sharp  angles  or  corners  should  be  allowed  in  struc- 
tural steel. 

A  great  railroad  company  discovered  not  long  ago  that 
the  moduli  of  elasticity  of  mild,  medium  and  hard  steels, 
tempered  and  untempered,  were  practically  the  same. 
Next,  it  was  decided  that  the  strains  in  coiled  springs  were 
torsional;  then  the  moduli  of  elasticity  were  applied  to 
the  formula  for  torsion,  and  it  was  discovered  that  if  the 
bars  were  of  the  proper  si/e  it  would  make  no  difference 
how  much  or  how  little  carbon  they  contained,  nor 
whether  they  were  tempered  or  untempered,  the  springs 
would  be  all  right.  Finally,  it  was  specified  that  no  spring 
should  contain  less  than  0.90  carbon,  and,  of  course,  they 
were  to  be  tempered.  This  may  sound  absurd,  but  it  only 
proved  the  wisdom  of  the  engineers;  they  were  smart 
enough  to  test  their  own  formula,  and  the  result  was  a 
well-designed  set  of  springs  and  an  admirable  specification. 


Mild  steel  does  not  allord  good  resistance  to  abrasion, 
it  is  too  ductile  and  fiows  too  readily  ;  the  flow  causes 
heating  and  increased  friction,  and  the  low  tensile  strength 
yields  to  the  friction. 

The  effect  of  the  chemical  constitution  of  steel  is  very 
marked,  and  is  well  defined  in  high  tool  steel,  but  it  is 
not  so  well  defined  in  mild  steel,  nor  in  Bessemer  and 
open-hearth  steel  ;  therefore  engineers  do  well  not  to 
meddle  with  chemistry  at  present ;  but  it  is  safe  to  as- 
sume, in  all  ca.ses,  that  the  nearer  the  steel  comes  to  be- 
ing pure  iron  and  carbon  the  belter  it  is. 

It  may  be  gathered,  from  what  has  been  said  that  in 
general  it  is  better  and  wiser  for  engineers  to  adhere  as 
closely  as  possible  to  mild  steel  for  large  structures,  where 
the  material  is  used  in  comparatively  large  masses. 

First,  because  it  is  more  ductile  than  high  steel,  and 
therefore  not  so  liable  to  break  under  sudden  stress  ;  and 
second,  because  it  can  be  safely  worked  into  shape  by  less 
skilled  hands  than  are  required  in  the  manipulation  of 
high  steel  ;  yet  there  are  cases  where  it  is  wise  to  take  ad- 
vantage of  the  superior  strength  of  high  steel  in  the 
largest  structures,  of  which  we  have  notable  examples  in 
the  staves  of  the  arches  of  the  St.  Louis  Bridge,  and  in 
the  wire  of  the  cables  of  the  East  River  Bridge. 

On  the  other  hand,  there  seems  to  be  danger  in  the  en- 
thusiasm of  some  of  the  admirers  of  mild  steel,  whose 
statements  that  it  will  stand  any  amount  of  "  abuse  and 
punishment,"  etc..  may  mislead  them  and  others  into  the 
idea  that  it  can  be  handled  without  even  as  much  care  as 
is  ordinarily  bestowed  upon  wrought-iron. 

If  the  statements  made  in  this  paper  are  accepted  as 
facts,  it  must  be  obvious  that  care  is  always  necessary, 
especially  as  regards  heat,  and  particularly  uneven  heat- 
ing.    Some  instances  are  given  to  illustrate  this  point. 

In  reference  to  steam  boilers,  so  far  as  strains  are  con- 
cerned, it  would  seem  that  high  steel  would  be  the  best ; 
but  when  we  consider  the  daily  alternations  of  heat  and 
cold  to  which  boilers  are  exposed,  fire  on  one  side,  water 
on  the  other,  and  the  general  ignorance  of  physics  of  the 
men  who  handle  them,  it  is  obvious  that  mild,  tough 
steel  is  the  only  kind  that  is  safe,  and  the  milder  and 
tougher  the  better. 


Mr.  Metcalf  refers  at  some  length  to  the  arguments 
brought  forward  by  the  advocates  of  built-up  guns,  Mr. 
Edward  Bates  Dorsey  and  others,  and  says  that  his  pre- 
ceptors. Wade  and  Rodman,  held  that  the  qualities  re- 
quired in  a  gun  were  elasticity,  springiness  and  power  to 
resist  abrasion,  combined  with  high  strength  and  the  power 
to  offer  a  uniform  resistance  in  every  direction  to  all  of  the 
strains  to  which  it  might  be  subjected. 

All  of  these  properties  were  reached  in  the  highest  degree 
possible  in  the  material  with  which  they  had  to  work,  and 
none  of  their  guns  ever  failed. 

If  Rodman  had  lived,  the  advent  of  good  steel  in  great 
masses  would  at  once  have  been  seized  upon  by  him.  and 
before  now  he  would  undoubtedly  have  cast  the  best  and 
biggest,  the  safest  and  the  cheapest,  guns  that  were  ever 
made. 

Rodman  was  a  true  engineer,  and  it  was  a  cardinal  prin- 
ciple with  him,  that  any  gun  had  a  certain  number  of  foot- 
tons  of  work  to  do,  whether  it  were  to  batter  down  an 
earthwork  or  to  sink  a  ship;  and  he  always  claimed  that 
the  best  gun  was  the  gun  that  would  do  this  work  for  the 
fewest  cents  per  foot-ton,  including  in  the  cost  the  making 
of  the  gun. 

The  writer  does  not  believe  that  a  good  gun  could  be 
made  of  dead  soft  sieel.  The  bore  of  such  a  gun  would 
enlarge  from  the  first  round  ;  the  lands  of  the  rifling  would 
give  way  under  the  pressure  of  the  projectile  ;  the  vent 
would  wear  out  rapidly  ;  and  altogether  he  would  expect 
that  after  a  hundrc<l  rounds  such  a  gun  would  be  about 
as  symmetrical  as  an  old  battered  hat. 

The  objection  to  proposed  methods  is  :  To  the  building- 
up  system  ;  to  the  notion  that  "  definite  shrinkage  "  is  a 
practical  possibility  ;  to  the  idea  that  rings  can  be  so 
shrunk  together  that  each  shall  be  strained  to  exactly 
its  elastic  limit,  when,  in  fact,  that  elastic  limit  cannot  be 
known  ;  to  the  enormous  cost  of  unnecessary  operations. 
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antl  to  the  doubtful  utility  of  the  operai 
performed. 


;r  they  arc 


Lieutenant  Ingersoll 


What  we  want  with  gi: li- 


sted is  uniformity  ;  but  this  should  be  a  development 
with  high  rather  than  with  low  qualities,  and  the  ten- 
dency and  march  of  events  indicate  that  this  will  be  at- 
tained by:  First,  a  more  intimate  chemical  knowledge  of 
steel ;  second,  a  less  barbarous  forginy-machine  than  the 
hammer;  third,  annealing  ;  fourth,  oil-tempering." 

As  to  the  "first,"  when  the  departments  begin  to  dabble 
in  the  chemistry  of  steel  there  will  be  no  more  guns  made  ; 
what  is  needed  instead  is  an  intimate  knowledge  of  the 
phvsics  of  steel. 

To  the  "second  '  all  will  agree  who  know  anything  of 
the  subject,  and,  the  writer  adds,  we  want  a  less  barbarous 
forging-machine  than  the  hydraulic  press.  We  want  no 
forging-machine  at  all ;  the  steel  can  be  made  to  forge 
itself  by  static  pressure  and  by  heat. 

To  the  "  third  "  there  can  be  no  objection,  as  there  is  no 
known  way  of  getting  improper  strains  out  of  high  steel 
■e.xcept  by  annealing. 

The  "  fourth  "  is  of  doubtful  utility.  It  is  not  probable 
that  the  benefit  derived,  if  there  be  any,  can  compensate 
for  the  cost,  especially  when  we  reflect  that  the  parts  are 
annealed  subsetiuently.  What  is  the  object  of  the  anneal- 
ing ?     Mr.  Davenport  answers  that  as  follows  : 

"  It  is  generally  admitted  that  the  efl'ect  of  tempering  in 
oil  or  any  other  liquid  is  to  fix.  by  rapid  cooling,  the 
amorphous  conditions  existing  in  the  heated  mass,  thus 
preventing  the  formation  of  a  coarsely  crystalline  structure, 
and  destroying  the  irregular  and  more  or  less  crystalline 
condition  existing  in  every  forging  of  considerable  size 
when  it  leaves  the  hammer. 

"Besides  this,  the  molecular  condition  of  the  mass  is 
far  more  uniform  after  treatment  than  before." 

Thus,  the  writer  believes,  is  the  whole  forging  business 
■effectually  damned  by  the  trusted  defender  of  the  system, 
whose  unquestioned  skill  and  success  in  this  hazardous 
business  entitle  his  statements  to  the  fullest  credence. 

The  writer  then  quotes  at  some  length  the  experiments 
made  by  the  late  A.  L.  Holley.  and  his  statements  as  to 
the  cost  of  steel  and  iron  guns  in  1S65,  and  gives  the  ar- 
guments for  the  Rodman  gun  as  follows  : 

••  For  the  information  of  any  who  may  not  know,  I  will 
say  that  the  Rodman  plan  consists  in  casting  a  gun  on 
end,  breech  down,  with  a  hollow  core.  Water  is  circu- 
lated through  the  core  to  cool  the  interior  rapidly,  and  a 
strong  fire  is  kept  in  the  pit  10  keep  the  exterior  of  the 
gun  w-arm,  thus  forcing  the  metal  to  contract  all  in  one 
direction  and  on  the  interior.  The  operation  is  so  simple,  so 
€asy,  so  sure,  and  so  scientific,  that  it  is  beyond  criticism, 
-and  it  would  seem  superfluous  to  add  any  further  argu- 
ments than  those  given  in  the  early  pages  of  this  paper, 
to  make  clear  the  possibilities  of  this  process,  properly  ap- 
plied, to  steel.  There  are  plants  in  the  country  now  which 
only  require  the  addition  of  some  pits  and  moids  to  pre- 
pare for  the  casting  of  40-ton  guns  for  trial  :  and  the  ex- 
tension of  these  plants  to  the  casting  of  loo-ton  or  1 5o-ton 
guns  would  cost  but  a  comparative  trifle. 

"  The  cost  of  one  huge  hammer,  or  one  hydraulic 
plant,  would  build  a  half-dozen  casting  plants. 

"  Splendid  steel  castings  up  to  30  and  40  tons  weight 
can  be  bought  now  for  less  than  6  cents  a  pound,  while  we 
are  told  to  think  of  40  cents  a  pound  as  the  price  of 
rough-bored,  rough-turned,  annealed,  oil-tempered  and 
annealed  gun  parts.  My  own  opinion  is  that  40  cents  a 
pound  is  not  a  high  price  for  such  work. 

"  To  this  price  must  be  added  probably  40  cents  a  pound 
more  for  the  cost  of  finishing  these  much  treated  parts  ; 
this  brings  us  very  close  to  the  figure  given  for  the  Krupp 
gun." 

Steel-makers  are  invited  to  put  up  large  plants  for  mak- 
ing gun  parts ;  but  such  plants  would  have  no  commer- 
cial value,  and  would  be  useless  when  the  appropriations 
for  heavy  guns  of  this  class  ceased. 

Mr.  Metcalf  believes  the  built-up  gun  to  be  unscientific 
and  unmechanical.  and  suggests  that  before  going  to 
enormous  expense  to  provide  plants  and  to  build  such 
guns,  it  would  be  wise  to  spend  $200,000  or  $300,000  to 
test  the  Rodman  plan  applied  to  steel. 


The  paper  concludes  as  follows: 

■•  For  ready  reference  for  the  use  of  engineers,  the 
statements  made  may  be  summarized  as  follows  : 

"  Iron  and  all  metals  are  liquids. 

"  Cold  steel  is  congealed  iron,  containing  in  solution 
various  ingredients,  wlireh  give  to  it  certain  marked  prop- 
erties. 

"Heat  is  the  power  which  gives  to  steel  all  of  its  good 
and  all  of  its  bad  conditions. 

"  Steel  is  as  mercurial  in  structure  and  volume  as  mer- 
cury is  in  volume. 

"  Slow,  quiet  cooling  from  a  high  temperature  causes 
the  formation  of  large,  irregular  c  rystals,  and  renders  the 
steel  weak. 

"  Quick  cooling  and  agitation  form  small,  uniform  crys- 
tals and  a  strong  condition. 

"  The  application  of  heat  alone  will  change  the  lorm 
and  the  size  of  the  crystals. 

"  The  change  of  volume  due  to  a  unit  of  heat  increases 
as  the  content  of  carbon  increases  ;  therefore  high  carbon 
steel  must  be  handled  with  exceeding  care. 

"  The  temperature  to  which  it  was  last  subjected,  mod- 
erated by  its  subsequent  treatment,  is  always  recorded  in 
the  structure  of  steel,  and  may  be  read  there  if  the  piece 
be  fractured. 

"  Annealing,  making  soft,  ductile  and  uniform  in  texture, 
is  the  most  important  of  all  operations  from  an  engineer's 
point  of  view. 

"  Steel  being  crystalline,  has  no  fiber  ;  therefore  there 
should  be  no  sharp  angles,  no  sharp  edges,  and  no  unfil- 
leted  corners  ;  the  surfaces  should  be  smooth  and  free 
from  tool  marks  or  indentations  caused  by  sledge  blows 
and  the  like. 

"  With  our  present  knowledge,  the /v.s/  j/c*"/  for  struc- 
tural purposes  is  that  which  is  most  nearly  composed  of 
iron  and  carbon. 

"  Finally,  good  steel,  properly  worked,  is  the  most  use- 
ful of  all  of  man's  productions,  and  it  may  always  be  relied 
upon  to  do  its  full  work  to  its  utmost  limit ;  but  if  the 
laws  of  its  being  be  violated,  it  will  as  certainly  respond, 
causing  disappointment  and  disaster." 


The  New  Naval  Vessels  Authorized. 

(From  the  Artny  arid  Navy  JourytltlA 

We  find  that  there  is  a  great  lack  of  exact  information 
as  to  what  has  been  done  by  Congress  for  the  increase  of 
the  navy.  To  make  this  clear  we  give  here  a  table  show- 
ing what  vessels  have  been  authorized,  their  size,  pro- 
posed armament,  cost,  speed  and  present  status.  This 
will  give  a  clear  idea  of  the  number  and  character  of  the 
vessels  constituting  our  new  navy,  the  last  of  which  should 
be  in  commission  by  1890. 

The  total  sum  thus  far  allowed  by  Congress  for  the  new 
navy  is,  it  will  be  observed,  nearly  $31,000,000.  Of  this  a 
little  over  S3.000.000  is  provided  for  guns,  and  a  little  over 
$4,000,000  for  armor.  This  is  over  $7,000,000  in  all  ;  a 
sum  quite  sufficient  to  make  a  beginning,  and  to  stimu- 
late our  manufacturers  to  exert  themselves  to  meet  the 
requirements  of  modern  warfare.  It  should  be  remem- 
bered that  this  is  but  a  beginning,  and  that  no  provision 
has  thus  far  been  made  to  meet  the  demands  of  the  army 
for  heavy  ordnance  or  coast  defenses.  The  new  navy 
thus  far  authorized  includes  22  vessels,  of  different  sorts, 
having  a  total  tonnage  of  65,609,  and  armed  with  two  12- 
in.  guns,  twenty-six  lo-in.,  twelve  8-in.,  eighty-one  6-in., 
the  armament  of  two  large  cruisers  not  yet  being  deter- 
mined. Besides  this  we  shall  have  the  dynamite  vessel, 
torpedoes  and  Hotchkiss  and  Gatling  guns.  The  appro- 
priations for  armament  of  the  new  naval  vessels  amount 
altogether  to  $3,075,762.  as  follows  : 


of  July  2,  18S4 

"  March  3,  1885 84,000 

"  July  26,  188D 34^1000 

"  Aug   3,  1S86 1,000,000 

"  March  3,  1SS7 1,128,362 

"        '*        "        (for  three  steel  cast  gunsi 


$3,075,762 
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THE    RAILROAD    AND 


[April,  1887. 


The  appropriations  for  armor  are  as  follows  ; 

Act  of  March  3,  1885 $s5.ooo 

"     •'  March  3,  1887  (armor  and  gun  steel)  4,000,000 

$4,025,000 

Add  appropriations  for  new  vessels 2ii5»2.35o 

Batteries,  torpedoes,  etc 2,150,000 

Appropriation  for  armament,  as  above S.oySt?"* 

Total  appropriation  for  increase  of  navy $30,773,112 


Chica^ 4500  4  8-i 


Boston 

Atlanta... 
Dolphin.... 
Charleston. 
Baltimore . . 

Newark 

Gunboat  i . . 
Gunboat  I,. 


8  6-in.  for    se: 

lat  N.  Y 
\  ,Yard. 

);2  8-in.  and  Not  yet 


r6-ir 


Double 

mored     vessel,    battle- 
First-class  torpedo  boat.. 


mission 
373012  lo-in.  and  Under 

6  6-in.  contr'c 

4413J4  8-in.  andlUnder 

18  6-in.  icontr'ct 

4083  12  6-in.  To     be 

1700  6  6-in.  [Under 

870  4  6-in.  Under    1 

6  6-in.  not  de-l 

6000'  icidedon' 


108  5  torpedo 
guns. 


,051,225  Aug. 

1882. 

,031,225   Aus 

1882. 
460,000  I  Aug, 

,100,000  Mar 

1885, 

,500.000   Mar, 

:i88s, 

,300,o<.o    ^^ug. 

520,000  ;Mar, 
.885 


A mfhitrite 38154  lo-in. 

Monadnock 13815  4  lo-in.  I        '* 

Terror 3815  4  lo-in.  l 

Miantonomoh [3815  4  lo-in.  '  Nearly 

Dynamite    Gun    Cruiser!         3    10^  -  in.  i  Under 
(230ft.  X  26  ft.) 500      dynamite  contr'ct 

Steel  Cruiser  No.  1 i  5000  To    be   de-  Author- 

termined.  ized. 
Steel  Cruiser  No.  2 ,5000  To    be  de-,Author- 

termined.  ized. 
Steel  Gunboat  No.  1 ,1700,6  6-in.  lAuthor- 

I  ized. 

Steel  Gunboat  No.  2 17006  6-in.  lAuthor- 

!  I  zed. 


There  are  also  for  "  floating  batteries,  or  rams  and  other 
naval  structures  to  be  used  for  coast  and  harbor  defense," 
authorized  by  act  of  March  3,  1887,  $2,000,000  ;  \\\e.  Stiletto, 
purchase  authorized  for  experiment,  S25.000  ;  torpedoes 
for  which  the  act  of  Aug.  3,  18S6,  appropriated  $75,000 
and  the  act  of  March  3,  1877,  an  additional  850,000. 


Coast  Defenses. 


General  H.  L.  Aisijott  delivered  a  lecture  before  the 
Academy  of  Sciences  in  New  York,  on  the  evening  of 
March  21,  a  summary  of  which  is  given  by  the  Herald  as 
follows  : 

According  to  General  Abbott  the  country  needs  for  its 
coast  defenses : 

Heavy  guns; 

Armor-clad  casemates  ; 

Disappearing  gun  carriages  in  earthworks  : 

Heavy  mortars ; 

Submarine  mines  or  fixed  torpedoes,  and 

Fish  torpedoes. 

The  lecturer  said  that  this  nation  may  be  attacked  in 
four  ways  :  First,  by  fleet  and  army  combined,  as  in  our 
Revolutionary  War  ;  second,  by  blockading  the  entrances 
to  all  our  ports  ;  third,  by  bombardment  of  our  seaport 
cities  from  a  long  distance  :  fourth,  by  a  fleet  forcing  its 
way  into  our  harbors,  and  making  a  direct  attack  or  levy- 
ing tribute  on  our  people. 


The  first  is  not  now  greatly  to  be  feared.  We  are  too 
distant  from  great  powers,  and  too  strong  on  land. 

The  second  should  be  met  by  the  Navy,  and  is,  there- 
fore, outside  a  discussion  of  coast  defenses. 

The  third  is  not  probable,  though  it  may  be  possible. 
The  extreme  range  of  10  miles  for  heavy  guns  cannot  be 
obtained  from  shipboard,  and  as  an  elevation  of  only  15° 
or  16^  can  be  given,  not  over  5  to  6  miles'  range  is  at- 
tainable. 

The  fourth  is  the  one  which  is  possible,  probable,  even 
certain — if  we  have  war  before  we  have  better  defenses. 

The  race  between  guns  and  armor  began  about  thirty 
years  ago,  and  there  has  been  more  development  in  ships 
and  guns  in  that  time  than  in  the  two  hundred  preceding 
years.  The  jump  has  been  from  the  7-in.  rille  as  the 
largest  piece,  to  the  1 10-ton  Armstrong ;  in  armor  from  i,%. 
in  of  iron,  to  the  Inflexible  with  22  in.  of  steel  plating. 
The  new  Armstrong  gun  of  1 10  tons,  tried  only  last  week, 
with  850  pounds  of  powder  and  an  1,800  pound  shot  can 
pierce  all  the  targets,  and  so  far  guns  have  the  victory 
over  armor.  This  gun  developed  57,000  fool-tons  of  en- 
ergy, and  will  probably  reach  62,000.  Imagine  the 
Egyptian  needle  in  Central  Park,  shod  on  its  apex  with 
hard  steel,  dropped  point  downward  from  the  height  of 
Trinity  steeple  ;  it  weighs  225  tons,  and  it  would  strike 
with  just  about  the  effect  of  one  of  the  i  lo-ton  gun's  pro- 
jectiles. Two  of  these  guns  are  ready  for  the  ironclad 
Benbow,  and  the  Italians  have  several  equally  powerful  of 
1 19  tons  from  Herr  Krupp.  The  most  powerful  gun  in 
the  United  States,  the  1 5-in.  or  the  12  in.  rifle,  has  a 
muzzle  energy  of  3,800  foot  tons. 

Ships  like  the  Iiifle.xible  are  the  most  powerful  afloat.  A 
steel  water-tight  deck  extends  across  the  ship,  and  she 
has  135  water-tight  compartments.  Her  guns  and  engines 
amidships  have  a  protection  of  24  in.  of  armor,  and  amid- 
ships she  has  a  citadel  carrying  two  revolving  turrets, 
each  containing  two  80-ton  guns.  Her  turret  armor  is  iS 
in.  thick.  She  can  make  14  knots,  and  she  has  cost  $3,- 
500,000,  But  she  has  a  low  free-board,  and  the  guns 
therefore  get  no  plunging  fire. 

The  French  ship  Meia  has  her  heaviest  guns  mounted 
en  barbette,  high  above  the  water  line,  giving  a  splendi 
plunging  fire. 

Either  of  these  ships  could  enter  any  of  our  harbors 
and  hold  us  at  her  mercy. 

The  entrance  to  the  harbor  of  Alexandria,  Egypt,  is 
about  5  miles  across.  At  the  time  of  the  bombardment 
the  protecting  fortifications  were  situated  at  the  east  end, 
in  the  center,  and  at  the  west  end.  On  the  west  there 
were  mounted  20  modern  guns  of  great  size  and  power, 
and  there  were  7  others  at  the  east  end. 

Although  the  Egyptians  fought  bravely  they  did  very 
little  harm  to  the  English  fleet,  while  on  the  second  day 
the  defense  was  silenced  altogether.  Following  the  bom- 
bardment— as  in  Paris — came  the  reign  of  mob  law.  doing 
more  harm  than  the  shells  had  done  ;  and  it  is  a  possibil- 
ity that  every  such  bombardment  would  be  followed  by 
such  an  overthrow— at  least  temporary— of  all  forms  of 
law  and  order. 

The  ships  that  had  silenced  the  Ale.xandria  batteries— 
which  had  27  heavy  guns  more  than  w-e  have— could 
reach  our  coasts  in  10  or  12  days,  and  we  would  have 
nothing  to  meet  them. 

Armor-clad  casemates  are  beginning  to  take  the  place  of 
masonry.  A  tremendous  thickness  of  masonry  is  built  up 
to  the  very  embrasures  for  the  guns  in  the  steel-clad  tur- 
rets. This  (the  Gruson)  system  has  been  adopted  by  Bel- 
gium, Holland,  Germany.  Austria  and  Italy. 

In  1882  England  had  434  heavy  modern  guns  behind 
armored  shore  batteries :  besides  these  at  home,  she  had 
92  in  her  colonics,  of  which  13  were  in  Halifax  and  11  in 
Bermuda— for  our  express  benefit. 

What  we  have  are  brick  and  stone  casemates  and  earth- 
works. A  sample  granite  casemate,  with  iron-lined  em- 
brasure, was  built  at  Fortress  Monroe,  and  8  shots  were 
fired  at  it  from  a  12.  in.  rifle  converted  from  an  old  15.  in. 
smooth  bore.  This  gun  develops  only  3,800  foot-tons  of 
energ)'— a  mere  nothing  compared  with  the  62.000  foot- 
tons'of  the  English  and  German  no-ton  guns. 

General   Abljott  showed    most  conclusive  proof  of  the 
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worthlessness  of  masonry  forts  in  pictures  showing  the 
effect  of  the  shots.  The  massive  8  ft.  thickness  of  gran- 
ite was  pierced  and  battered  till  it  looked  like  a  ruin.  Not 
a  man  inside  would  have  been  left  alive. 

He  also  showed  a  "disappearing"  gun  in  an  earthwork, 
the  gun  recoiling  below  the  level  of  the  parapet  and  being 
run  up  to  a  firing  position  by  a  counterweight.  In  1878 
Congress  stopped  all  appropriations  for  defenses,  and 
nothing  had  been  done  since. 

General  Abbott  said  that  we  needed  submarine  mines 
or  fixed  torpedoes  which  should  be  thickly  interspersed 
about  the  channel  and  be  exploded  by  an  electric  battery 
on  shore.  To  prevent  these  torpedoes  from  being  ex- 
ploded by  the  enemy  the  surface  over  them  should  be 
covered  by  plenty  of  guns.  Heav>'  guns  and  mortars  were 
needed  to  resist  attacks  by  heavy  iron-clads.  Movable 
torpedoes  were  valuable,  but  only  as  an  auxiliary — a  very 
minor  auxiliary — compared  with  submarme  mines.  We 
should  be  cautious  not  to  infer  that  torpedoes  made  a  sat- 
isfactory defense  alone,  as  they  must  be  protected  by  large 
and  small  guns,  and  they  form  only  a  part  of  the  chain  of 
general  defenses. 


The  English  iio-Ton  Gun. 


For  some  months  past  visitors  to  the  Royal  .Arsenal, 
Woolwich,  may  have  noticed,  lying  near  the  great  steam 
crane  of  the  gun  factories  two  large  guns,  within  a  frac- 
tion of  44  feet  in  length,  and  each  weighing  247,795 
pounds,  or  rather  over  iion  tons.  One  of  these  pieces 
of  ordnance— the  largest  ever  made  in  this  country — last 
week  commenced  its  firing  trials  at  the  proof  butts,  un- 
der the  personal  supervision  of  Colonel  Maitland,  R.  A., 
Superintendent  Royal  Gun  Factories,  and  in  the  presence 
of  the  President  »nd  some  of  the  members  of  the  Ord- 
nance Committee ;  Captain  Andrew  Noble,  C.  B.,  and 
of  Mr.  Vavasseur  representing  the  Elswick  Ordnance 
Company. 

We  shall  m  an  early  issue  give  illustrations  of  the  new 
gun,  and  shall  compare  it  with  the  119-ton  Krupp  gun, 
but  meanwhile  we  may  give  some  leading  particulars. 
The  gun  is  made  throughout  of  steel  ;  the  "A"  or  inner 
tube  is  made  in  one  length  from  a  forging  supplied  by 
Sir  J.  Whitworth  &  Co.,  instead  of  being  in  two  parts,  as 
in  the  Italian  heavy  guns,  made  also  at  Elswick.  Over 
the  inner  tube  is  shrunk  the  breech-piece,  which  is  sup- 
ported by  three  layers  of  comparatively  thin  steel  hoops. 
It  will  thus  be  seen  that  the  whole  of  the  metal  assists  in 
bearing  the  transverse  strain,  but  the  inner  tube  is  free 
from  any  portion  of  the  longitudinal  strain,  as  it  extends 
only  to  the  "obturator;"  the  breech-piece  takes  the 
greatest  part  of  that  strain,  but  it  is  assisted  therein  by 
the  peculiar  construction  and  distribution  of  the  hoops. 
A  long  hoop  with  stout  shoulders  forms  the  rear  part  of 
the  first  layer,  and  its  front  exterior  shoulder  engages  the 
rear  shoulder  of  another  long  hoop,  which  forms  the 
front  part  of  the  second  layer.  Again,  the  "  trunnion 
hoop"  ISO  calledj  is  formed  and  shrunk  on  in  such  a 
manner  as  to  draw  the  long  hoops  of  the  first  and  second 
la^-ers  together;  hence  there  is  a  direct  pull  from  the 
trunnion  hoop  to  the  shoulder  on  the  breech-piece. 
There  are  in  reality  no  trunnions,  the  exterior  of  the 
trunnion  hoop  forming  rings  which  will  be  held  in  a 
strong  steel  band  attached  to  the  gun  slide  in  the  bar- 
bette battery  of  the  ship.  To  prevent  the  inner  tube 
moving  forward  inside  the  breech-piece,  a  ring  of  a 
bronze  alloy  is  run  into  a  serrated  recess  at  the  front  of 
the  latter ;  a  similar  ring  is  used  to  assist  friction  in 
keeping  the  front  of  the  trunnion  hoop  in  its  place. 

The  hoops  are  all  so  arranged  as  to  break  joint,  and  an 
ingenious  plan  is  adopted  to  link  together,  by  means  of 
the  outer  one,  those  hoops  which  abut  against  one 
another.  This  consists  of  rings  on  the  exterior  and  m- 
terior  of  the  inner  and  outer  hoops  respectively,  alternate 
portions  of  which  rings  are  slotted  away  ;  the  outer  hoop, 
when  heated,  is  passed  over  the  inner,  so  that  the  projec- 
tions left  pass  through  the  slotted  intervals,  and  it  is  then 


turned  round  till  the  projections  of  one  hoop  engage  ex- 
actly with  those  of  the  other.  No  longitudinal  move- 
ment is  now  possible,  and  the  intervals  are  all  filled  up 
with  steel  wedges,  so  that  there  can  be  no  circumferential 
shift.  Thus  the  gun  is  bound  together  from  the  extreme 
breech  end  to  a  point  far  up  the  chase. 

It  may  be  noted  that,  in  the  French  heavy  guns,  the 
breech-screw  engages  in  the  inner  tube  itself,  which  thus 
becomes  almost  wholly  responsible  for  the  longitudinal 
strain.  .Again,  in  Krupp's  great  1 19-ton  gun  the  longitu- 
dinal strain  is  entirely  taken  by  the  end  of  the  breech- 
piece,  which  supports  the  back  of  the  wedge  closing  the 
bore ;  it  is  moreover  weakened  by  the  loading  hole 
through  its  rear  end. 

The  "  obturation,"  or  means  of  stopping  the  escape  of 
powder  gas,  is  peculiar  to  this  gun.  It  is  not  the  Elswick 
cup  nor  the  De  Bange  asbestos  pad,  but  a  modificalion 
introduced  by  Mr.  V'avasseur,  wherein  the  mushroom- 
head  of  the  De  Bange  pad  is  retained,  but  the  asbestos 
is  replaced  by  a  ring  of  soft  copper  which  is  forced  by 
compression,  on  the  discharge  of  the  gun,  into  close  con- 
tact with  the  inner  tube  ;  no  ring  is  required  to  be  in- 
serted inside  the  end  of  the  bore. 

The  principal  dimensions  of  the  no-ton  gun  are  as 
follows  : 

Total  length 5-'4  in- 

Leneth  of  bore  ( jo  calibers) 487  in. 

rifling 197  ""■ 

Diameter  of  bore 16.25  io. 

chamber 21.125  in. 

Cubical  capacity  of  chamber 28,610  cub.  in. 

Weight  of  gun 247,795  lbs. 

"           projectile..   1,800  lbs. 

The  polygroove  rifling  commences  with  one  turn  in  120 
calibers  and  increases  to  one  turn  in  56  calibers  at  the 
muzzle. 

The  gun  was  carried  down  to  the  proof  ground,  as  well 
as  tired  upon,  the  ingenious  bogie  carriage — running  on 
six  pairs  of  steel  trucks — constructed  in  the  Royal  Car- 
riage Department,  under  General  Close,  the  steel  castings 
being  supplied  by  Messrs.  John  Rogerson  &  Sons,  Stan- 
ners  Close  Works.  Wolsingham.  It  weighs  95  tons,  and 
is  so  constructed  that  it  can  be  altered  to  mount  for  proof 
all  the  heavy  breech-loading  guns  from  the  12-inch  of  43 
tons  upward.  The  carriage  is  free  to  run  back  on  the 
inclined  rails,  when  fired,  returning  again  to  the  loading 
point  by  its  own  weight ;  but  the  chief  force  of  recoil  is 
taken  by  the  Vavasseur  hydraulic  buffers,  the  ends  of  the 
pistons  being  fixed  on  the  carriage,  while  the  cylinders 
are  free  to  move  with  the  gun  slide. 

It  was  about  noon  before  the  firing  commenced,  the 
service  of  the  gun  being  very  slow,  owing  to  the  opera- 
tions of  loading,  etc..  which  will  ultimately  be  performed 
with  the  greatest  ease  by  means  of  hydraulic  gear,  hav- 
ing at  present  to  be  carried  out  with  ordinary  tackle  by 
hand.  The  charges  of  powder  commenced  at  5oo  lbs.  of 
Waltham  Abbey  "  prism  brown."  commonly  called  "  co- 
coa "powder;  each  charge  was  subdivided  into  sections 
of  about  112  lbs.  or  150  lbs.  for  convenience  of  loading, 
the  prisms  being  arranged  as  usual  in  rigid  hexagonal 
cartridges  cased  in  silk  cloth.  The  proof  cylinders  weigh 
1,800  lbs.,  as  will  the  service  projectiles,  all  of  which  will 
be  made  of  steel ;  the  armor-piercing  projectile  will  be  of 
forged  steel,  probably  made  on  the  Firminy  plan,  the 
others  being  common  shell  and  shrapnel.  The  report  of 
the  gun  was  not  so  loud  as  might  have  been  expected, 
owing,  probably,  to  the  slow-burning  powder  used  and 
the  length  of  the  bore,  but  the  addition  of  each  100  lbs. 
of  powder  made  a  very  appreciable  difference  in  this 
respect. 

The  recoil  of  the  hydraulic  cylinders  on  the  slide  at  the 
first  round  was  aboiit  4  ft.  in  addition  to  which  the 
gun  and  carriage  ran  back  on  the  inclined  rails  from  50 
ft.  to  60  ft.;  in  the  second  and  third  rounds  the  recoils 
on  the  slide  were  4  ft.  9  in.  and  5  ft.  6.  in.,  and  the  dis- 
tances traveled  back  on  the  rails  69  ft.  and  77  ft.  respect- 
ively. The  fourth  round  (which  was  fired  on  Wednesday 
last)  was  fired  with  850  lbs.  of  Westphalian  powder,  "  Pris- 
matic No.  1  Brown,"  the  prisms  measuring  1^4  in.  from 
face  to  face  and  i  inch  in  length.  The  explosion  proved 
to  be  quick,  and  sent  the  powder  pressure  up  to  18 -'4  tons, 
or  2-V   tons  higher  than  was  anticipated.     The  highest 
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service  pressure  is  intended  to  be  17  tons,  so  that  this  has 
already  been  exceeded  in  the  trials.  The  muzzle  velocity 
was  not  increased  in  proportion  to  the  pressure,  and  only 
reached  2,078  ft.  per  second.  The  recoil  of  the  gun  on  its 
carriage  was  3  ft.  3  in.,  the  hydraulic  buffer  being  set  to  a 
greater  resistance  than  before,  and  the  run  on  the  rails 
was  about  70  feet. 

The  corrected  muzzle  velocities  and  the  mean  pressures 
in  powder  chamber  are  given  in  Table  A,  below,  together 
with  the  total  energy  at  muzzle,  and  the  energy  per  ton  of 
gun — the  latter  proportion  being  a  very  important  con- 
sideration in  naval  ordnance. 

On  the  first  day  only  one  round  had  been  fired  before 
the  me.i's  dinner-hour,  and  the  gun  was  not  loaded  for 
the  second  time  until  3  r.  M.;  owing  to  the  accurate  ob- 
servations which  had  to  be  taken  after  each  shot,  as  well 
as  to  the  slowness  of  manipulating  such  masses  of  metal 
by  hand,  it  was  nearly  j  o'clock  before  the  firing  was  sus- 
pended for  the  day.  Upon  careful  examination  at  the 
end  of  the  three  rounds  the  interior  of  the  inner  tube  was 
found  to  be  perfectly  clean  and  uninjured. 

It  is  intended  to  continue  the  experimental  proof  of 
this  gun  with  successive  charges  of  900  lbs.,  925  lbs.  and 
950  1  bs..  or  such  of  them  as  can  be  fired  until  the  intended 
limit  of  pressure  in  the  powder  chamber  is  reached.  It 
is  hoped  that  a  muzzle  energy  bordering  upon  62,000 
foot-tons  may  be  attained  with  the  full  charge.  The 
powder  charge  of  S;o  lbs.  was  the  largest  ever  hitherto 
fired   from  ,i"l;;i:i    in   thi>  .  ..ijntry,  although  the  Elswick' 


Table  B  shows  the  very  favorable  performance  of  the 
newest  English  gun  as  compared  with  the  Krupp.  The 
length  of  bore  in  the  former  is  very  nearly  as  great  as  in 
the  latter,  the  extra  length  over  ail  being  necessitated  by 
the  projecting  breech-piece  of  the  Krupp  system,  which 
also  accounts  for  a  great  part  of  the  additional  weight. 
It  is  to  be  noted,  however,  that  the  largest  charge  of 
powder  hitherto  fired  (so  far  as  we  are  aware)  in  the 
Krupp  1 19-ton  gun  is  a  very  light  one  compared  with  that 
which  has  been  fired  already  in  the  Elswick  guns;  also, 
that  the  heavy  German  gun  has  been  ordered  by  the 
Italian  Government  for  coast  defense.  We  are  indebted 
to  Lord  Btassey's  Na7'ii/ /In nua/ ior  most  oi  the  above 
figures  concerning  foreign  guns.  The  illustrations  given 
herewith  are  a  longitudinal  section  of  the  gun,  and  dia- 
grams of  H.  M.  S.  Bcnbow,  for  which  the  iio-guns  are 
intended.  These  show  the  method  of  barbette  mounting. 
The  central  part  only  of  the  vessel  is  armored,  and  the 
ends  of  the  vessel  are  protected  by  an  armored  deck 
below  the  water  line. 


Gunboats. 

( From  Engineering  t 

The  unknown  and  generally  overrated  powers  of  olfense 
of  the  fish  torpedo  have  given  that  weapon  a  character  as 
an  engine  of  destruction  which  recent  experiments  have 


.  TOTAL    LCNGTH    ISE»  -  *3     8  — 

LO.NGITUDINAL    SECTIO.V. 
NEW    ENGLISH    IIO-TON    G 


104-ton  gun  for  the  Italian  Government  was  fired  at 
Spezzia  with  some  50  lbs.  more ;  the  projectiles  were  vir- 
tuallv  of  the  same  weight,  but  the  muzzle  velocity  then 
attained  was  only  i  r  feet  per  second  higher  than  that 
given  by  the  third  round  of  the  i  lo-ton  gun  with  100  lbs. 
less  powder. 

In  Table  B  are  the  comparative  results  (so  far  as  they 
are  knoflrnl  given  by  the  heaviest  guns  in  the  possession 
of  the  chief  European  naval  powers,  with  those  already 
obtained  from  the  no-ton  gun. 
Table  K.— Showing  Results  of  Firing  1 /o-Ton  E.  0.  C.  Gun. 


gg^O 


tons  per 

ft.  tons. 

.699 

9-65 

36.050 

38.S 

50.260 

2078 

■8.75 

53.927 

490 

-Round  No.  ^  would  yive  a  power  of  perforating  about 
0O1  yards  distance. 

Table  B. 
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Nature  of  Gun  and  Caliber. 


■S'O     -c    ■25'^  fe° 

3       s"   ,"o^li 

foot 

rrencn,  37  cm.  (14.50  in) ...    71  546  iiSo  1955  31272  14.5  440 

German  tKrupp), 40cm. ti5. 75  in.)    71  485  1715  1703  34502  23.8  486 

"  "  "  ■'         iiq  615  1632  2017  46061  29.2  387 

Italian  (Elswickl,43cm.(i7.oo  in.)  104  icK)'/i  1799  2018  50810  39.5  488 

English  (R.  G.  F),  13.5  in 67*  625  1250  2050  36415  28.6  569 

"       Elswick  16.25  in »»o  850  t8oo  2078  53927  33.0  490 

*  The  results  of  this  sun  are  estimated  only. 

Note.— The  Russian  and  Austrian  guns  are  on  the  Krupp  system,  but 
«ss  powerful  than  those  given  above. 


not  borne  out.  The  silent  and  treacherous  manner  in 
which  it  would  deliver  its  attack,  together  with  the  diabol- 
ical and  complete  nature  of  the  destruction  wrought,  have 
invested  it  in  men's  minds  with  imaginary  powers  of 
destruction  little  less  than  supernatural.  As  a  conse- 
quence the  more  honest  and  outspoken  assaults  of  artil- 
lery have,  by  comparison,  suffered  in  reputation  for  effi- 
ciency ;  but  in  the  science  of  destruction,  as  in  other  walks 
of  life,  honesty  is  found  to  be,  in  the  long  run,  the  best 
policy,  and  the  blow  below  the  belt  is  not  so  favorably 
looked  on  as  it  was  some  short  time  ago. 

Under  these  circumstances  Sir  George  Elliot  has 
chosen  his  time  well,  for  advocating  the  more  extended 
use  of  gunboats  in  coast-defense  tactics;  for,  although 
the  torpedo  has  never  wrested  from  the  gun  its  premier 
position,  so  far  as  large  vessels  were  concerned,  it  has 
had  things  very  nearly  all  its  own  way  with  the  smaller 
kind  of  craft.  The  paper  which  the  gallant  Admiral  read 
at  the  Royal  United  Service  Institution  last  Friday  had 
the  serious  defect  of  wandering  very  far  from  the  subject 
matter  of  its  title.  It  would,  perhaps,  be  too  much  to 
expect  Sir  George  Elliot  to  discourse  for  any  length  of 
time  about  ships  without  fighting  over  again  the  battle 
of  the  Water-Milch  and  the  question  of  hydraulic  propul- 
sion. But  although  one  may  be  willing  to  grant  him  the 
indulgence  of  this  amiable  w'eakness,  it  is  taking  rather  a 
wide  range  to  discuss  our  whole  naval  policy,  both  from  a 
political  and  economic  point  of  view,  under  cover  of 
Gun  boats  for  Coast  Defense. 

Having  said  this  we  have  little  but  praise  for  the  paper 
in  question,  and  although  the  greater  part  of  it  was  not 
germane  to  its  title,  yet  the  strictures  of  the  author  on 
political  meddling  in  naval  matters  might  well  be  read  by 
every  one  of  Her  Majesty's  subjects;  more  especially  all 
those  close-flstcd  and  short-sighted  tax-payers  who  grudge 
the  expense  of  our  national  insurance,  the  chief  premiums 
of  which  are  the  ships  of  the  Royal  Navy. 

■W^e  must  not,  however,  be  led  astray  by  the  author's  bad 
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example,  but  will  at  once  proceed  to  consider  some  of  the 
most  important  facts  respecting  coast  defense  by  gunboats, 
as  set  forth  in  the  paper. 

Tlie  author  commenced  by  speaking  of  the  notable  ser- 
vices rendered  by  gunboats  in  past  times,  referring  to 
James's  "Naval  History."  and  then  puts  the  question 
"  whether  modern  inventions  have,  in  any  degree,  alTected 
the  essential  value  of  this  class  of  vessel  for  coast  defense, 
either  by  the  introduction  of  steam,  armor-plating,  sub- 
marine mining,  rifled  guns  of  greatly  increased  caliber, 
or  quicli-firing  or  machine  guns,  by  the  substitution  of 
ve.ssels  of  the  Glatlim  type,  by  torpedo  boats  of  various 
types  and  dimensions,  or  by  a  combination  of  all  or  anv 
of  these  appliances  for  purposes  of  inshore  defensive  opera- 
tions?" The  gallant  Admiral  at  once  proceeds  to  answer 
his  own  question  in  the  negative.  "  1  am  unable  to  per- 
ceive, "  he  says,  "that  the  modern  gunboat  has  been  sup- 
planted by  any  of  these  novel  features,  or  has  lost  any  of 
its  effective  power  for  warding  off  attacks  by  bombard- 
ment at  long  ranges,  whether  by  single  ships  or  small 
squadrons  ;  and,  in  fact,  whatever  advantages  have  been 
obtained  on  the  one  side,  are  equally  applicable  to  the 
other."  Indeed,  Sir  George  goes  further  than  this,  for  he 
says  later  on  :  "  It  would  appear  that  owing  to  the  reduced 
number  of  guns  which  modern  ships  now  carry,  and  the 


swift,  but  completclv  unprotected  and  lightly  armed,  in 
spite  of  the  lower  cost  of  such  craft  compared  to  armored 
gunboats.  Sir  George  Elliot  stands  by  the  latter,  because 
the  vulnerable  torpedo  vessels  could  be  disabled  in  detail 
by  gun-fire,  as  a  shipat  sea  would  naturally  turn  her  stern 
to  approaching  torpedo  boats,  and  keep  them  under  fire 
as  long  as  possible,  and  when  ships  are  moving  in  the 
same  direction,  the  striking  range  of  the  torpedo  is  al- 
most reduced  to  close  quarters. 

The  author  advocated  two  classes  of  gunboats  for  the 
purposes  under  discussion.  The  first  class  should  possess 
considerable  speed,  and  would  be  designed  to  take  the 
place  of  vessels  of  the  Glatlon  type:  whilst  the  second 
class  would  be  for  purely  local  defence  where  a  high  rate 
of  speed  would  not  be  essential.  Both  classes  should  be 
armed  with  one  very  powerful  armor-piercing  gun,  pro- 
tected by  a  semicircular  shield  of  stout  armor-plating  for 
end-on  fighting,  besides  carrying  a  number  of  quick-firing 
and  machine  guns  for  defence  against  torpedo  boats.  The 
first  class  should  have  two  military  masts.  The  smaller 
vessels,  roughly  of  about  800  tons  displacement,  would 
work  in  close  vicinity  to  the  land,  and  would  not  require 
a  speed  above  12  knots.  Their  tactics  would  be  to  ad- 
vance a  few  thousand  yards  from  the  shore,  and  always 
retire  if  pursued.  The  larger  class  would  be  about  double 
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long  ranges  at  which  the  stoutest  ships  are  now  penetrable 
by  guns  which  can  be  mounted  in  gunboats,  and  with  the 
introduction  of  the  latest  invention  of  shell  projectiles, 
that  the  gunboat  of  the  future  has  rather  gained  than  lost." 

Armor-clad  ships  may  be  less  vulnerable  than  the  old 
wooden  vessels,  but  the  same  remark  applies,  as  the 
author  pointed  out,  to  shield-protected  gunboats  fighting 
end  on,  and  the  smaller  object  will  still  retain  its  distinct 
advantages.  Sir  George  Elliot  would  not,  however,  wish 
to  disparage  the  value  of  shore  batteries,  submarine 
mines,  or  torpedo  boats,  but  thinks  that  these  means  of 
defence  would  prove  inoperative  in  the  absence  of  assist- 
ance from  gunboats,  so  far  at  least  as  preventing  the 
bombardment  of  many  of  our  seaport  towns  from  dis- 
tances of  four  to  five  miles. 

The  question,  like  all  others  of  national  defence,  is 
based  on  expenditure.  How  to  get  most  for  our  money 
is  what  must  guide  our  decisions.  This  the  author  fully 
recognizes,  and  upholds  his  position  chiefly  on  the  score 
of  economy.  It  has  been  contended  that  an  outlay  on 
additional  warships  equal  to  that  demanded  for  gunboats 
stationed  round  the  coast,  would  give  a  more  efficient 
means  of  protection.  This  opinion.  Sir  George  acknowl- 
edges, presents  itself  with  a  certain  amount  of  force  at 
first  sight,  but  even  if  true  in  some  respects,  there  is  al- 
ways the  fatal  objection  that  powerful  seagoing  ships 
might  be  enticed  away,  and  they  would  not  possess  the 
advantages,  for  inshore  fighting,  of  shallow  draught.  Sir 
Andrew  Clark  advocates  seagoing  torpedo  vessels,  very 


the  size  and  mount  a  12-in.  breech-loader,  43- ton  gun. 
They  would  be  stationed  at  different  ports,  ready  to  con- 
centrate at  any  point  threatened.  The  vessels  would 
operate  as  widely  as  safety  would  permit,  so  as  to  operate 
if  possible  from  opposite  directions  of  fire,  and  thus  ob- 
tain a  broadside  attack. 

The  problem  of  manning  such  craft  led  to  some  remarks 
on  the  naval  volunteer  question;  but  without  following 
the  author  and  other  naval  officers,  who  spoke  afterwards, 
it  may  be  sufficient  to  say  that  this  body  has  evidently 
won  the  high  esteem  of  the  regular  service  by  the  effi- 
ciency and  zeal  they  have  displayed  under  somewhat  dis- 
couraging conditions,  due  principally  to  want  of  an  ade- 
quate chance  of  learning  their  duties. 

The  discussion  which  followed  the  paper  was  not 
worthy  of  the  occasion  or  the  Institution.  The  subject  is 
so  essential  a  one  for  the  service,  that  one  might  have 
hoped  naval  officers  would  have  attended,  in  order  to  give 
their  views  and  help  those  who  have  the  settling  of  such 
matters  to  form  an  opinion  as  to  the  soundness  of  the 
author's  contentions.  As  a  matter  of  fact,  there  was  little, 
if  anything,  said  of  a  critical  nature,  so  far  as  the 
ostensible  object  of  the  meeting  was  concerned  ;  the  old 
dreary  controversy  on  hydraulic  propulsion,  with  all 
the  stock  arguments  hashed  up  afresh,  occupying  the 
greater  part  of  the  time.  The  one  bright  feature  in  the 
discussion  was  the  admirable  manner  in  which  the 
Chairman,  Admiral  Sir  E.  Fanshawe,  carried  out  his 
duties. 
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Modern  War  Ships 


The  report  of  the  lecture  on  this  subject,  which  was 
published  in  the  last  number  of  the  Journal,  did  not 
give  some  very  interesting  tables  which  have  been  pub- 
lished in  Indiistrii-s.  and  which  are  given  below.  To 
make  their  significance  understood,  the  abstract  of  the 
lecture  given  by  our  cotemporary  is  reprinted,  although 
most  of  it  was  contained  in  the  report  which  was  pub- 
lished last  month  : 

In  1859  the  Admiralty  were  forced  to  action  by  the 
French,  whose  navy,  under  the  skillful  superintendence 
of  M.  Dupuy  de  Lome,  had  outstripped  our  own.  In  that 
year  17  line-of-battle  ships  and  10  frigates  were  fitted 
with  engines  and  propellers ;  but  the  enormous  sums  e.x- 


BLtween  1S59-73  the  most  notable  changes  in  ship  de- 
signs were  due  to  the  desire  to  secure  fewer  and  heavier 
guns,  and  thick  armor  on  as  restricted  a  surface  as  possi- 
ble. Thus  the  Warrior  had  her  ends  unarmored.  and, 
though  bearing  40  guns,  could  not  sweep  the  horizon, 
and  to  obviate  this  disadvantage  the  Mhintaur  was  ar- 
mored from  end  to  end.  To  avoid  the  addition  of  the 
extra  1,800  tons  of  Sji-in.  armor,  necessitated  by  this 
plan,  the  Bcllfroplum  and  Hercnh-s  were  built  on  the  "belt 
and  battery"  system,  in  which  12  and  14  guns  respectively 
were  carried  in  a  box  battery  amidships,  with  outlying 
armored  batteries  at  bow  and  stern.  The  Dfvastation 
followed,  in  1869,  on  the  "breastwork  monitor  type."  with 
a  low  freeboard,  armored  from  end  to  end  in  the  region  of 
the  water-line,  and   bearing  two  35-ton  guns,  in  a  central 
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pended  on  these  conversions  were  praciically  wasted, 
owing  to  the  shattering  effect  of  shell  on  wooden  ships, 
and  in  1861  a  new  type  was  inaugurated  by  the  construc- 
tion of  the  Warrior  and  Minotaur.  At  first  the  struggle 
between  attack  and  defense  was  practically  limited  to  one 
between  guns  and  armor:  ramming — the  other  mode  of 
attack— exercised  but  little  influence  on  ships'  designs, as 
it  only  necessitated  stronger  and  dilTerently  shaped  bows 
and  water-tight  compartments.  By  the  4 '2-in.  armor  of 
the  ]\'arr!or  \.\ie:  defense  scored  a  victory  ;  but  this  did 
not  last  long,  and  at  the  present  day  the  power  of  the 
guns,  in  comparison  with  the  resistance  of  the  armor- 
plating,  is  greater  than  it  has  ever  been  before.  In  illus- 
tration of  this,  Mr.  White  referred  to  the  figures  in  the 
accompanying  table  respecting  English  naval  guns. 


revolving  turret.  With  the  Inflexible  the  "  central  cita- 
del's "  principle  was  introduced,  in  which,  the  ends  being 
unarmored,  24  in.  armor  was  secured  lor  the  citadel,  the 
four  80-ton  guns  in  which  could  sweep  the  whole  horizon. 
But  here  the  high-water  mark  of  "  concentration  "  had 
been  reached,  and  a  reaction,  headed  by  the  French,  and 
supported  by  the  Italians,  soon  set  in.  To  take  advan- 
tage of  the  special  weakness  in  our  low  freeboard  ships, 
the  French  mounted  their  heavy  guns  en  barhette  high 
above  the  water,  and  associated  with  them  many  lighter 
guns.  In  the  Italia  and  Lepanto  the  Italians  followed 
the  same  plan,  and  mounted  their  four  loo-ton  guns  20  ft. 
higher  above  the  water  than  the  turret  guns  in  our  low 
freboard  vessels.  To  meet  these  the  Admiral  class  was 
designed  in  1880,  in  which  the  key  of  the  design  consists 
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of  the  principle  of  "distribution  "  of  the  main  armament 
instead  of  concentration,  and  the  association  therewith  of 
a'powerful  secondary  battery.  The  following  table  further 
enforces  the  justice  of  the  generalization  that  the  gun  is 
the  most  influential  factor  in  modern  war-ship  design  ; 

I'he  lecturer  then  referred  to  the  dithculty  of  support- 
ing the  enormous  weights  of  these  turrets,  which,  in  the 
K,  iiowii.  will  be  a  movable  weight  of  S50  tons  concen- 
trated on  a  circle  36  ft.  in  diameter,  and  surrounded  by  a 
redoubt  weighing  about  800  tons.  In  the  Italia  and 
Lefi.mlo  the  barbette  gun  mountings,  carried  to  a  height 
of  ,53  ft.  above  water,  weigh  more  than  2,000  tons.  After 
predicting  a  great  future  for  quick-firing  guns,  the  speaker 
called  attention  to  torpedo-boats,  and  said  he  thought  in 
future  none  would  be  built  between  the  70-ft.  launches 
that  can  be  hauled  on  board,  and  those  of  the  Archer  and 
Scout  classesof  over  1,300  tons.  Mr.  White  then  referred 
to  the  elaborate  fittings  in  first-class  modern  war-ships, 
and  pointed  out  that  they  are  provided  with  from  80  to 
100  separate  water-tight  compartments,  31  hydraulic  en- 
gines, and  45  au.xiliary  steam  engines.  Attention  was 
ne.xt  directed  to  the  greatly  increased  speed  recently  at- 
tained. From  1859  to  1S75,  14  knots  was  almost  a 
standard  speed  for  large  ships;  but  now  vessels  of  13,800 
tons  run  at  iS  knots,  cruisers  at  18  to  20  knots,  and  tor- 
pedo craft  at  19  to  25  knots.  The  lecturer  then  referred 
to  the  cost  of  war-ships,  which  had  steadily  risen  from 
^70.000  for  a  loo-gun  line-of-battle  ship  to  ^37 5.000  for 
the  Warrior,  £\Zo.ix>o  for  the  Minotaur,  ^360,000  for  the 
Devastation,  ^620,000  for  the  DrcaJnoitg/it,  and  £810,000 


Ironclad.  10,000  t 


H.P. 

Speed. 

.^ 

i:l  i 

4000 

■3.3 

Sooo 

0,000 
1,000 

2,000 

16-45 
.6.75 

speed  for  \  Speed. 


for  the  Inflexible.  In  the  last  mentioned  the  armor-plat- 
ing cost  £170,000,  the  propelling  machinery  £126,000,  and 
the  hydraulic  gun-mounting  and  au.xiliary  engines 
£55,000.  The  Benbow  and  the  Renown  are  each  estimated 
to  cost  about  £720,000,  and  the  Trafalgar  and  Ni/e 
£860,000  each.  To  illustrate  the  ever-increasing  difficulty 
of  attaining  higher  speeds,  the  above  table  was  given. 


The  Power  Required  to  Move  Slide-Valves. 

[Paper  Read  at  the  Chicago  Meeting  of  the  American  Society  of  Mechani- 
cal Engineers,  by  Mr.  C.  M.Giddings,  Massillon,  Ohio.] 

The  investigation  as  to  the  amount  of  power  required 
to  move  slide-valves  has  been,  like  most  all  mechanical 
researches,  a  matter  of  slow  growth.  The  writer  has  sought 
in  vain  for  this  desirable  information  in  many  of  the  best 
authorities  on  steam  engineering,  and  has  found  only 
various  and  elaborate  deductions  on  a  purely  theoretical 
basis  on  the  one  hand,  or  else  the  individual  opinion  of 
over-sanguine  inventors  of  slide-valves  on  the  other  hand, 
whose  opinions,  by  the  way.  were  entirely  unsupported  by 
tangible  facts  or  experimental  data  of  any  kind.  He  de- 
termined, therefore,  some  time  since,  to  enter  the  field  of 
experimental  research,  with  a  view  of  finding,  if  possible, 
just  how  much  power  was  consumed  in  moving  the  slide- 
valves  of  different  engines,  and  how  much  that  power 
varied  under  different  working  conditions  ;  such  as  varia- 
tions of  speed  and  pressure,  changes  of  load  and  variation 
in  point  of  cut-off. 

The  first  attempt  of  an  experimental  nature  resulted  in 
the    device  illustrated  in    fig.  1,  which  clearly  shows  the 


construction.  Water  or  oil  used  on  either  side  of  ilie  pis- 
ton to  transfer  the  pressure  through  a  stop-cock  to  the  in- 
dicator for  recording  in  the  usual  manner.  After  having 
used  this,  it  was  learned  that  a  similar  device  was  tried  by 
Dean  Bros.,  the  pump-makers  of  Indianapolis,  but  without 
success.  This  device  was  first  intended  to  be  used  with 
a  pressure  gauge,  but  at  the  suggestion  of  Mr.  Harris 
Tabor,  an  indicator  was  put  on  to  register  the  variations 
of  pressure  in  the  cylinder,  but  the  leakage  past  the  indi- 
cator piston  from  the  continued  action  of  the  engine  soon 
produced  a  displacement  which  distorted  the  action  of 
the  valve  and  reduced  the  travel.  The  indicator  was  then 
displaced  by  a  diaphragm  gauge  of  low  pressure,  which 
had  the  end  of  the  index  sharpened  and  turned  at  right 
angles  to  the  dial.  The  glass  having  been  removed,  this 
gauge  was  screwed  in  the  cylinder  where  a  stop-cock  is 
now  shown,  and  a  stationary  rest  provided  to  support  the 
slide,  which  carried  a  smoked  glass.  This  was  provided 
to  avoid  the  friction  of  a  pencil  on  paper,  and  when  the 
glass  was  brought  in  conact  with  the  vibrating  point  of 
the  index,  it  described  an  outline  on  the  glass  which  was 
easily  preserved  by  blue  printing,  and  could  be  made  to 


Fig.  I. 

show  fairly  well  the  relative  power  required  to  move  the 
valve  under  varying  loads.  These  cards  were  found  to  be 
unworthy  of  entire  confidence,  for  various  reasons.  The 
movement  of  the  index  was  radial  instead  of  rectilinear, 
and  developed  considerable  momentum  ;  one-half  of  the 
stroke  only  could  be  taken  at  once,  and  in  spite  of  all 
precautions  displacement  would  soon  show  its  effects  in 
reducing  the  travel  of  the  valve  when  running  at  rated 
speed.  However  imperfect  this  device  and  its  results,  it 
was  a  decided  step  in  advance  of  previous  experiments. 
Having  thus  found  the  desirable  feature  for  a  valve  dy- 
namometer, it  was  determined  to  design  and  construct 
one  which  should  possess  as  many  of  these  points  as 
possible. 

1.  It  must  be  sufficiently  yielding  to  feel  the  variations 
of  strains  on  the  valve  stem,  and  at  the  same  time  so 
nearly  rigid  that  it  would  give  a  very  small  fraction  less 
than  the  full  travel  of  the  valve  as  the  showing,  from  a 
reduced  travel  or  a  distorted  value  action,  would  be  en- 
tirely unsatisfactory.  In  other  words,  it  must  be  rigid 
without  being  entirely  rigid. 

2.  It  must  show  accurately  the  strains  on  the  valve  stem 
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throughout  the  entire  revolution  of  the  eccentric,  and  tio/ 
simply  for  one  stroke  of  the  valve.  This,  it  is  readily 
seen,  would  reverse  the  strains  on  the  instrument. 

3.  It  must  have  an  accurate  means  of  recording  llic 
variations  of  stress  on  the  instrument,  upon  paper,  for  fu- 
ture calculations  and  comparisons  01  dillerent  valves. 

4.  It  must  be  provided  with  a  rigid  connection  to  relieve 
the  springs  when  not  taking  a  card,  with  means  to  detach 
the  same  readily  when  under  motion. 

5.  It  must  cither  have  means  of  varying  the  tension  of 
the  springs  for  d  i  (Terent  size  and  type  of  valves,  or  be  so  con- 
structed that  the  springs  could  be  easily  replaced  with 
others  of  difTerent  tension. 

The  instrument  designed  to  fill  these  requirements  is 
shown  in  fig.  5.  Fig.  4  shows  in  section  the  mechani- 
cal principles  involved  in  the  device,  in  which  E  and  F 
are  elliptical  springs  attached  at  their  extremities  to  the 
sliding  sleeves  C  and /?.  Tlie  former  is  the  valve-stcm 
guide  to  which  the  eccentric  rod  is  attached,  and  the 
latter  is  the  stem  itself.  To  each  spring  suitable  attach- 
ments are  made  for  connecting  the  pivoted  extremities  of 
the  parallel  motion  which  carries  the  pencil  G.  A  slide 
having  suitable  support  was  provided,  which  worked  be- 
tween grooves  having  an  adjustable  stop,  so  that  the 
paper,  mounted  on  tlie  slide,  could  be  brought  in  proper  1 
contact  with  the  pencil  and  the  stop  properly  adjusted. 
Then,  m  order  to  take  a  card,  it  is  simply  necessary  to 
brmg  the  paper  in  contact  with  the  moving  pencil  dur- 
ing one  complete  revolution  of  the  engine.  A  flat-pointed 
brass  wire  was  attached  to  the  instrument,  so  that  when 
the  paper  was  brought  in  contact  with  the  pencil,  this 
point  would  mark  the  neutral  line,  or  line  of  no  strain  on 
the  card,  from  which  all  measurements  were  taken 

It  was  a  comparatively  easy  matter  to  design  an  instru- 
ment which  would  show  the  pull  required  by  the  valve, 
but  when  it  came  to  showing  the  push  required  in  the 
same  instrument,  it  was  quite  another  thing.  Of  course, 
it  was  impracticable  to  push  on  the  ends  of  the  springs, 
consequently  the  strain  must  be  taken  by  the  springs  on 
the //^//through  both  strokes  of  the  valve.  How  this  was 
done  can  best  be  shown  by  referring  to  fig.  4,  in  which 
corresponding  letters  refer  to  corresponding  parts  in  fig. 
5.  Z)  is  a  sleeve,  sliding  loose  upon  the  valve-stem 
guide  B,  and  attached  to  the  springs  ;  C  is  the  sleeve  slid- 
ing loose  upon  the  valve-stem  A.  Each  of  the  sleeves 
has  a  steel  pin  fixed  in  the  sleeve,  and  passing  through 
slots  in  the  center  of  the  valve  stem  and  valve-stem  guide 
respectively.  It  will  be  noticed  that  the  valve-stem  guide 
B  comes  to  a  bearing  against  the  sleeve  C ;  also  that  the 
valve  stem  A  comes  to  a  bearing  against  the  pin  in  the 
sleeve  D.  When  in  operation  the  valve-stem  guide  first 
pulls  the  sleeve  D  by  means  of  the  pin.  thence  the  strain 
is  transferred  through  the  springs  to  the  sleeve  C,  which 
pulls  the  valve  stem  by  means  of  its  pin,  as  shown.  But 
when  it  comes  to  the  push  part  of  the  stroke,  the  valve- 
stem  guide  B  first  pushes  against  the  sleeve  C  without 
moving  the  valve  stem,  thence  the  strain  goes  back 
through  the  springs  to  the  sleeve  D.  which  pushes  on  the 
end  of  the  valve  stem  by  means  of  its  pin,  and  so  moves 
the  valve.  Thus  the  strain  always  goes  through  the 
springs  on  the  pull,  and  is  then  measured  and  recorded 
by  the  instrument. 

The  rigid  connection  shown  in  fig.  6  consists  simply 
of  the  bar  H  hinged  to  the  sleeve  D  and  hooking  over  a 
post  E  on  the  sleeve  C.  and  having  a  sliding  catch  /  to 
hold  it  either  on  or  off  the  post  E.  When  this  connection 
was  locked  in  position,  it  was  intended  that  there  should 
be  no  movement  of  the  pencil,  but,  owing  to  the  spring 
of  the  parts,  the  pencil  did  move  so  that  it  could  not  be 
used  to  draw  the  neutral  line.  It  was  found  that  springs 
of  this  kind  could  be  made  stiff  enough  to  move  the  valve 
without  permitting  any  appreciable  reduction  of  the 
stroke,  and  at  the  same  lime  would  be  elastic  enough  to 
feel  the  slight  variations  of  the  strain,  and  produce'sufli- 
cient  movement  when  multiplied  by  means  of  the  levers 
to  make  a  good  card.  But  this  same  quality  prevented 
adjusting  tne  springs  equally  for  valves  of  different  size, 
and  it  was  decided  to  use  springs  of  different  thickness  to 
meet  this  case. 

A    scale    by    which    to  measure    the    cards    taken  by    | 


the  various  springs  was  easily  construcied  bv  the  use 
of  a  spring  scale  known  to  be  accurate,  and  noting  the 
movement  of  pencil  for  each  50  lbs.  strain  added  to  the 
dynamometer. 

In  computing  tliese  cards,  the  height  gives  the  maxi- 
mum, minimum  and  average  strain  on  the  valve  stem  in 
lbs.  This,  multiplied  b^  the  rate  of  movement  gives  the 
foot  lbs.  of  work  done  to  move  the  valve.  In  using  this 
instrument,  it  was  found  that  highspeed  produced  fiuctu- 
tuations  in  the  card,  especially  if  the  springs  were  too 
light  for  the  valve,  but  with  the  proper  strength  of  spring 
a  speed  of  250  revolutions  per  minute  was  entirely  feasible. 
Fig.  2  shows  cards  taken  with  varying  loads,  and  fig. 
3  shows  cards  taken  from  varying  points  of  cut-off.  All 
cards  taken  with  any  considerable  load  invariablv  show 
one  end  (and  that  always  the  same  end)  heavier  than  the 
other.  The  cause  of  this  for  a  lime  was  a  mystery,  but 
was  fully  and  satisfactorily  explained  by  taking  iiito  con- 
sideration the  area  of  the  valve  stem,  which,  multiplied 
by  the  pressure  in  the  steam  chest,  worked  against  the 
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instrument  in  one-half  of  the  stroke  and  with  it  in  the 
other  half,  making  the  difference  in  strain  equal  to  the 
sum  of  the  pressures.  A  table  is  appended  which  gives 
both  the  total  power  required  to  move  a  special  type  of 
equilibrium  slide  valve  :  also  the  percentage  of  the  whole 
power  of  the  engine  which  was  absorbed  by  the  valve. 
The  comparative  tables  from  different  valves  which  are 
given  herewith  may  perhaps  be  found  instructive. 


Standard  Pipe  and   Pipe-Threads. 


The  chaotic  state  in  which  the  matter  of  standard  pipe- 
threads  has  been  for  years,  both  here  and  abroad,  has 
finally  had  the  effect  of  arousing  .American  engineers  at 
least  to  vigorous  action.  As  a  result  the  whole  subject 
has  been  thoroughly  overhauled  by  a  committee  appoint- 
ed somewhat  over  a  year  ago  by  the  American  Society  of 
Mechanical  Engineers,  in  conjunction  with  committees  of 
United  States  manufacturers  of  wrought-iron  and  boiler 
tubes,  and  brass  and  cast-iron  fittings.  The  outcome  of 
their  work  was  embodied  in  an  exceedingly  interesting  re- 
port submitted  to  the  American  Society  of  Mechanical 
Engineers  at  their  last  annual  meeting  (November  29- 
December  3,  1886),  and  which  has  just  been  issued  in 
pamphlet  form. 

Without  going  into  all  the  details  which  it  was  desirable 
to  give  in  this  report,  it  will  suffice  for  our  purpose  to  note 
that  after  an  endless  amount  of  correspondence,  a  large 
number  of  committee  meetings,  and  the  examination  and 
test  of  many  samples  of  threaded  pipe,  the  several  as- 
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sociations  ol  manufacturers  resolved  to  adopt  and  adhere 
to  the  original  Briggs  standard  of  gauges.  Comprehen- 
sive information  regarding  the  subject  of  standard  pipe 
and  pipe-threads  as  applied  in  American  practice  is  given 
in  the  E.xcerpt  Minutes  of  Proceedings  of  the  British  In- 
stitution of  Civil  Engineers  (session  1882-83,  Part  I>,  con- 
taining the  paper  of  the  late  Robert  Briggs  on  American 
Practice  in  Warming  Buildings  by  Steam.  Referring 
specially,  however,  to  the  matter  here  considered,  we  take 
from  the  report  before  us  the  following,  from  the  text  and 
tables  of  Mr.  Briggs's  paper,  giving  completely  the  date 
upon  which  the  Briggs  standard  "pipe-thread  sizes  are 
based  : 

The  taper  employed  for  the  conical  tube-ends  is  uni- 
form with  all  makers  of  tubes  or  fittings,  namely,  an  in- 
clination of  I  in  32  to  the  axis.  Custom  has  established 
also  a  peculiar  length  of  screwed  end  for  each  different 
diameter  of  tube.  Tubes  of  the  several  diameters  are 
kept  in  stock  by  manufacturers  and  merchants,  and  form 
the  basis  of  a  regular  trade  in  the  apparatus  for  warming 
by  steam.  The  ruling  dimension  in  wrought-iron  tube 
work  is  the  external  diameter  of  certain  nominal  sizes 
which  are  designated  roughly  according  to  their  inter- 
nal diameter.  These  nominal  sizes  were  mainly  estab- 
lished in  the  English  tube  trade  between  1820  and  1840, 
and  certain  pitches  of  screw-thread  were  then  adopted  for 
them,  the  coarseness  of  the  pitch  varying  roughly  with  the 
diameter,  but  in  an  arbitrary  way  utterly  devoid  of  reg- 
ularity. The  length  of  the  screwed  portion  on  the  tube 
end  varies  with  the  external  diameter  of  the  tube  accord- 
ing to  an  arbitrary  rule-of-thumb  ;  whence  results  for  each 
size  of  tube  a  certain  minimum  thickness  of  metal  at  the 
outer  extremity  of  the  tapering  screwed  tube-end.  It  is 
the  determination  of  this  minimum  thickness  of  metal 
for  the  tapering  screwed  end  of  wrought-iron  tube  which 
constitutes  the  question  of  mechanical  interest. 

For  a  tapering  tube-end  for  a  nominal  2>^  in.  tube — that 
is,  a  tube  of  about  2/4  in.  internal  diameter  and  2%  in. 
actual  external  diameter,  the  following  particulars  are 
given  :  The  thread  employed  has  an  angle  of  60°  ;  it  is 
slightly  rounded  off  both  at  the  top  and  at  the  bottom,  so 
that  the  height  or  depth  of  the  thread,  instead  of  being 
exactly  equal  to  the  pitch,  is  only  four-fifths  of  the  pitch 
or  equal  to 


(0.8)  - .  if  «  be  the  number  of  thread.s  per  inch. 


the 


length  of  tube-end  throughout  which  the  screw-thread 
continues  perfect,  the  empirical  formula  used  is  10.8  D  x 

I 
4.  8  X  -  where  D  is  the  actual  external  diameter  of  the 

tube  throughout  its  parallel  length,  and  is  expressed  in 
inches.  Further  back,  beyond  the  perfect  threads,  come 
two  having  the  same  taper  at  the  bottom,  but  miperfect 
at  the  top.  The  remaining  imperfect  portion  of  the 
screw-thread  furthest  back  from  the  extremity  of  the 
tube  is  not  essential  in  any  way  to  this  system  of  joint, 
audits  imperfection  is  simply  incidental  to  the  process 
of  cutting  the  thread  at  a  single  operation.  From  the 
foregoing  it  follows  that,  at  the  very  extremity  of  the  tube, 
the  diameter  of  the  bottom  of  the  thread  is. 


'-[= 


(•o.8D-f4. 
32  n 


+  2x0.! 


:D— (0.05    D- 


D 
(/=o.965  D — 0.05  -  - 


[.\pril.  1887. 


ing  numbers  of  screw-threads  per  inch,  the  actual  inter- 
nal diameter  (f"  is  expressed  by  the  following  Table  I  in 
terms  of  the  actual  external  diameter  D. 

Tabli-  I. — Diameters   of     Wrought-iron     Welded    Tubes. 


The  thickness  of  iron  below  the  bottom  of  the  thread, 
at  the  tube  extremity,  is  empirically  taken  to  be=o.oi75 
D  -I-  0.025.  Hence  the  actual  internal  diameter  d  ol  any 
tube  is  found  to  be  in  inches. 
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The  figures  derived  from  this  statement,  which  are  of 
importance  for  practical  use,  are  presented  in  detail  in 
Table  II  in  a  convenient  order  for  reference. 

The  number  of  screw-threads  per  inch  for  the  several 

sizes  of  tubes    is  here   accepted    from   customary   usage. 

It  is  the    workman's    approximation   of  the    pitch   prac- 

I    tically  desired,  and  much  reluctance  must  consequently  be 

!    felt  in  calling  it  into  question.     Still  it  would  have  been 

'    better  to  investigate  the  general  case  upon  the  basis  of  a 

pitch  ranging  in  closer  accordance  with  the  range  of  tube 

I    diameter.     Thus  the  nominal  yz-in.  tubes  might  have  had 

'    16  threads  per  mch  ;    ,'4-in.  14  threads;   i  and    i.V'-in.  12 

threads  ;  i  '3  and  2-in.  1 1  threads;  2;^  to3>^-in.  10 threads; 

4  to  6-in.  8  threads;  7  to  9-in.   7  threads,  and    lo-in.  not 

I    more  than  6  threads  per  inch.      The  existing  number  of 

threads,  however,  as  given  in  Tables  I  and  II,  are  now  too 

well  established  to  be  disturbed  ;  at  all  events  they  must 

be  taken  in  any  statement  of  present  practice. 

Tafi/e   II. — Standard  Dimensions  of    Wrought-iron 
Welded  Tubes. 
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For  the  various  sizes  of  lubes,  ranging  from    's    in.  to 
,10  in.  nominal  internal  diameter,  with  their  correspond- 


Taper  of  conical  tube  ends,  i  in  32  to  axis  of  tube. 


Revised  Regulations  for  Steamboat  Inspection. 

At  the  recent  annual  meeting  of  the  Board  of  Super- 
vising Inspectors  of  Steam  Vessels  some  changes  were 
made  in  the  rules  governing  inspections. 

The  following  new  paragraph  was  added  to  Rule  II., 
Section  9:  "  Provided,  however,  that  all  lap-welded  flues 
16  in.  diameter  and  not  less  than  7  in.  diameter,  when 
used  under  a  steam  presssure  of  120  lbs.  and  upwards, 
shall  be  of  the  same  thickness  as  prescribed  in  Table, 
Rule  II.,  Section  8,  lor  riveted  Hues." 

Rule  v..  Section  5,  is  amended  to  read  as  follows:  "No 
person  shall  receive  an  original  license  as  engineer  or  as- 
sistant engineer,  except  for  special  license  on  small  plea- 
sure steamers,  who  has  not  served  at  least  three  years  in 
the  engineers  department  of  a  steam  vessel;  provided, 
that  any  person  who  has  served  a  period  of  three  years  as 
a  locomotive  or  a  stationary  engineer,  or  as  a  regular 
machinist  in  steam-engine  works  at  least  three  years,  may 
be  licensed  to  serve  as  engineer  on  steam  vessels  after 
having  not  less  than  one  year's  experience  in  the  engine 


Vol.  LXI,  No.  4.] 


ENGINEERING    JOURNAL. 


178 


department  of  a  steam  vessel  of  20  tons  or  upward  (which 
fact  must  be  verified  by  the  certificate,  in  writing,  of  tlie 
licensed  engineer  or  niaster  under  whom  the  applicant 
has  served  I.  and  no  person  shall  receive  license  as  above, 
except  for  special  license,  who  is  not  able  to  determine 
the  weight  necessary  to  be  placed  on  the  lever  of  a  safety- 
valve  (the  diameter'of  valve,  length  of  lever  and  fulcrum 
being  known)  to  withstand  any  given  pressure  of  steam 
in  a  boiler;  or  who  is  not  able  to  figure  and  determine 
the  strain  brought  on  the  braces  of  a  boiler  with  a  given 
pressure  of  steam,  the  position  and  distance  apart  of 
braces  being  known  ;  and  no  engineer  or  assistant  engi- 
neer now  holding  a  license  shall  have  the  grade  of  the  same 
raised  without  possessing  the  above  qualifications." 

To  Rule  IX.,  Section  14.  has  been  added  as  folio. vs  : 
"When  it  is  known,  or  comes  to  ihe  knowledge  of  the 
local  inspectors,  that  any  steam  vessel  is  or  has  been  car- 
rying an  excess  of  steam  beyond  that  which  is  allowed  by 
her  certificate  of  inspection,  it  is  recommended  that  the 
local  inspectors  in  whose  district  said  steamer  is  being 
navigated,  in  addition  to  reporting  the  fact  to  the  U.  S. 
District  .Attorney  for  prosecution  under  Section  4437.  Re- 
vised Statutes,  shall  require  the  owner  or  owners  of  said 
steamer  to  place  on  the  boiler  of  said  steamer  a  lock-up 
safety-valve  that  will  prevent  the  carrying  of  an  e.xcess 
of  steam,  and  shall  be  under  the  control  of  said  local 
inspectors. 

■•On  the  placing  of  a  lock-up  safety  valve  upon  any 
boiler,  it  shall  be  the  duty  of  the  engineer  in  charge  of 
same  to  blow  or  cause  the  said  valve  to  blow  off  steam 
at  least  once  in  each  watch  of  six  hours,  or  less,  to  de- 
termine whether  the  valve  is  in  working  order,  and  it 
shall  be  his  duty  to  report  to  the  local  inspectors  any 
failure  of  such  valve  to  operate. 

"  In  case  no  such  report  is  made,  and  a  safety  valve  is 
found  that  has  been  tampered  with,  or  out  of  order,  the 
license  of  the  engineer  having  such  boiler  in  charge  shall 
be  revoked. 

"  It  shall  be  the  duty  of  the  local  inspectors  to  send  a 
copy  of  this  rule  to  every  steamer  in  their  district,  when 
said  copies  are  furnished  by  the  department." 

The  rule  in  regard  to  wheel  chains  now  reads  as  fol- 
lows ;  ••  .Masters  and  pilots  of  steamers  on  lakes  and 
seaboard  are  required  to  have  their  wheel  chains  rove  so 
that  the  wneel  and  helm  shall  move  in  the  same  direc- 
tion, so  that  when  the  wheel  is  put  to  starboard  the  ves- 
sel's head  shall  go  to  port,  and  when  the  wheel  is  put  to 
port  the  vessel's  head  shall  go  to  starboard.  " 

In  regard  to  ascertaining  the  tensile  strength  of  plates, 
the  regulation  now  is  that  the  test  pieces  from  plates  -(\, 
in.  thick  and  less  shall  have  an  area  of  cross-section  of 
}  sq.  in.;  for  plates  over  -,\  in.  and  up  to  4'  in.  thick,  the 
arc  shall  be  equal  in  square  inches  to  three-quarters  the 
thickness  of  the  plate  in  inches;  lor  plates  over  Jin. 
thick  the  area  shall  be  equal  in  square  inches  to  one- 
half  the  thickness  of  the  plate  in  inches. 


The  United  States  Weather  Bureau. 


Although  Congress  has  not  ordered  that  the  Weather- 
Bureau  shall  be  transferred  from  the  Signal  Corps  of  the 
Army  to  some  civil  department,  the  steps  that  were  taken 
towards  the  transfer  give  strong  assurance  that  it  will  be 
made  next  year,  when  it  can  be  undertaken  more  deliber- 
ately. The  action  was  briefly  as  follows :  the  House  bill 
No.  5190,  to  create  a  department  of  agriculture  and  labor, 
received  several  amendments  in  the  Senate,  among  which 
the  sixth  had  for  its  object  the  transfer  of  the  weather- 
bureau  from  the  Signal  Office  of  the  Army  to  the  new  de- 
partment on  July  next.  .\Ithough  several  senators  voted 
on  February  23  against  this  amendment,  because  thev 
thought  the  action  was  too  precipitate,  it  had  a  majority 
of  37  to  15,  with  24  absent.  It  provided  that  the  second 
lieutenants  and  the  subordinate  members  of  the  corps 
should  be  transferred  to  the  new  department,  without 
changing  their  work  or  their  pay  ;  that  the  rank  of  com- 
missioned officers  of  the  Signal  Corps  should  not  be  af- 
fected by  the  transfer;  and  that  the  Chief  Signal  Officer 


should  remain  in  charge  of  the  bureau  after  the  transfer 
until  a  director  should  be  appomted  for  it.  The  bill  then 
returned  to  the  House,  where,  according  to  the  reports 
we  have  received,  it  would  have  certainly  been  passed  as 
amended,  had  not  an  unforeseen  obstacle  arisen.  The 
President,  it  seems,  does  not  desire  an  additional  member 
in  his  cabinet;  the  bill  was  therefore  referred  back  to  the 
Committee  on  Agriculture  by  his  friends  in  the  House, 
and  at  this  late  date  in  the  crowded  session  it  could  not 
again  be  reached,  not  being  ■  privileged  business."  So  the 
matter  is  dropped  for  the  present. 

This  postponement  is,  on  the  whole,  not  to  be  regretted. 
It  is  quite  clear  that  the  failure  to  make  the  change  was 
not  due  at  all  to  a  belief  that  it  ought  not  to  be  made. 
Senator  Edmunds  offered  the  only  consideralile  objection 
to  the  transfer  during  the  debate  on  the  amendment.  It 
was  clear  to  him  "that  the  only  way  to  have  an  effective 
organization  is  to  have  it  under  military  control,  so  that  a 
man  cannot  resign  because  he  gets  miffed  about  some- 
thing, but  he  must  do  his  duty.  "  This  mistaken  impres- 
sion found  few  if  any  supporters.  It  seemed  to  be  gener- 
ally understood  that  the  loss  of  individuality  and  com- 
plete submission  to  authority,  which  constitute  the  essence 
of  the  military  spirit,  are  out  of  place  in  a  service  that 
wisely  makes  open  declaration  of  its  need  of  intelligent 
personal  action  by  calling  on  college  graduates  to  enlist 
in  it.  Senator  Dawes  thought  every  one  agreed  that  the 
service  "ought  to  be  transferred  to  the  civil  department 
of  the  Government.  "  but  believed  that  the  transfer  ought 
to  be  made  more  deliberately  than  was  contemplated  in 
the  amendment.  Senator  Hale  expressed  the  same  views, 
and  these  two  joined  Edmunds  and  others  in  voting 
against  the  bill.  But  their  favorable  votes  may  be  ex- 
pected next  winter,  when  perhaps  less  political  and  more 
appropriate  surroundings  may  be  chosen  for  the  weather- 
bureau  than  it  would  have  found  in  the  proposed  new  de- 
partment. 

In  the  mean  time  the  position  of  Chief  Signal  Officer  is 
given  to  Captain  Greely,  who  is  thereby  promoted  to  be  a 
brigadier-general,  the  Senate  having  confirmed  the  Presi- 
dent's nomination  at  the  last  moment.  So  great  an  advance 
in  rank  is  unusual,  and  may  be  attributed  in  part  to  recog- 
nition of  Arctic  heroism, — for  surely  the  preservation  of  a 
complete  series  of  records  under  the  most  difficult  and 
tragic  circumstances  was  a  splendid  achievement,— and 
possibly  in  part  to  the  feeling  that  the  office  should  be 
given  TO  some  one  already  in  the  service,  rather  than  to 
some  colonel  who  stood,  indeed,  nearer  in  the  line  of  pro- 
motion, but  who  had  had  no  experience  in  the  weather- 
bureau.  But  the  failure  of  the  deficiency  bill  makes  the 
position  of  Chief  Signal  Officer  an  arduous  one  foi  the 
next  year,  for  it  is  a  thankless  duty  that  involves  reduction 
in  some  of  the  essentials  of  the  service.  It  is  to  be  re- 
gretted that  the  new  Chief  was  not  given  at  least  the  best 
opportunity  of  showing  his  powers.  The  remedy  for  un- 
satisfactory weather-predictions  is  not  likely  to  be  found 
while  the  service  is  thus  embarrassed. 


Limitations  of  the  Expansion  of  Steam. 

[Krom  the /«ar«a/ of  the  Franklin  Institute.] 

The  results  of  a  mathematical  investigation  of  the 
limitations  of  the  expansion  of  steam,  by  Prof.  William 
Dennis  Marks,  of  the  University  of  Pennsylvania,  can  be 
epitomized  as  follows  : 

We  cannot  expect,  under  the  most  favorable  circum- 
stances, to  reach  an  economy  which  will  surpass  but  very 
slightly  one  pound  of  coal  per  indicated  horse-power  per 
hour. 

This  would  place  18  per  cent,  of  the  heat  in  coal  as  the 
extreme  limit  of  its  utilization.  The  condensation  of 
steam  occurs  during  its  admission  to  the  cylinder,  and  in 
some  cases  is  surprisingly  great. 

The  law  of  this  condensation  is  as  follows  ; 

The  condensation  of  the  steam  in  the  cylinder  is  pro- 
portional to — 

I.  The  difference  of  temperatures  of  the  steam  at  the 
point  of  cut-off,  and  while  being  exhausted. 
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2.  To  the  area  of  cast-iron  exposed  to  the  entering 
steam  up  to  the  point  of  cut-off. 

3.  To  the  time  of  exposure  of  the  interior  surface  of  the 
steam  cyhnder  to  the  exhaust  steam. 

4.  The  condensation  is  reduced  by  compression,  subject 
to  the  same  laws,  but  this  is  usually  quite  a  small  quantity. 

The  initial  condensation  of  steam  is  due  principally  to 
the  piston  and  cylinder  heads. 

The  equilateral  hyperbola  approximates  quite  as  closely 
as  any  other  curve  to  the  curve  of  expansion  of  steam  in 
engines  not  embarrassed  by  a  sluggish  valve  motion. 

Compression  will  save  some  vaporous  steam,  but  will 
not  largely  diminish  the  initial  condensation  because  of 
its  short  duration. 

Superheating  is  the  most  efficient  expedient  for  econo- 
mizing coal. 

The  steam  jacket  is  not  so  elficient  as  is  ordinarily  as- 
sumed. 

Slide  valves  are  frequently  the  cause  of  large  and 
unlocated  losses. 

The  valves  and  pistons  of  steam  engines  are  rarely 
steam-tight. 

With  properly  designed  compounded  cylinders  the  ul- 
timate expansion  of  the  steam  is  a  function  of  the  ratio 
of  the  two  cylinders 

The  saving  in  compound  engines  is  due  to  lesser  initial 
■condensation  in  the  non-condensing  cylinder. 

From  the  physical  properties  of  iron  arises  the  neces- 
sity of.  and  advantage  of,  compound  engines. 

The  beneficial  effects  of  superheating,  steam-jacketing 
and  compounding,  are  more  apparent  in  small  than  large 
•engines. 

The  most  economic  ratio  of  stroke  to  diameter  for 
steam  cylinders  is  a  function  of  the  number  of  expan- 
sions, of  the  boiler  pressure,  of  the  exhaust  pressure,  and 
■of  the  number  of  strokes  per  minute. 

A  large  cylinder  is  more  economical  than  an  equal 
volume  divided  among  small  cylinders. 

High  rotative  speeds  demand  shorter  cylinders  than 
are  ordinarily  used. 

It  is  frequently,  especially  with  high  boiler  pressure, 
the  more  economical  to  not  use  a  condenser. 

The  throttling  of  steam,  with  an  engine  of  fixed  expan- 
sion and  small  cylinder,  does  not  increase  the  consump- 
tion of  coal  per  indicated  horse-power  per  hour,  but  very 
slightly.  W.  D.  M. 

The  Mining  Industries  of  China. 

Thk  United  States  Consul  at  Hong  Kong,  in  a  recent 
report  on  the  mining  industries  of  Cnina,  says: — "The 
small  advances  made  by  the  Chinese  in  developing  and 
utilizing  the  mineral  wealth  of  their  country,  mainly  at- 
tributable to  the  innate  hostility  of  the  people  and  the 
government  to  any  innovation  on  ancient  usages  and  cus- 
toms would  appear  to  have  received  recently  an  impetus 
in  the  province  of  Kuantung,  which  justifies  the  expecta- 
tion of  impending  progress.  This  is  due  mainly  to  the 
efforts  and  enterprise  of  Ho  Amei,  a  native  of  Canton, 
who.  after  some  years'  residence  in  Australia,  has  returned 
to  his  native  province,  with  the  accumulated  knowledge 
and  experience  derived  from  his  connection  with  mining 
enterprises  in  that  countr\-.  He  has  leased  a  silver  mine 
at  Tamchow,  from  which  considerable  ore  had  been  taken, 
but  the  workings  had  been  abandoned  on  account  of  wa- 
ter, which  they  could  not  get  rid  of  with  the  appliances 
then  used.  To  overcome  the  obstacle  hitherto  insuperable 
to  mining  as  conducted  by  Chinese,  he  has  provided  min- 
ing machinery  of  the  most  modern  and  improved  charac- 
ter. F^ut  his  efforts  to  secure  from  the  Chinese  govern- 
ment the  adoption  of  a  more  liberal  policy  in  connection 
with  mining  operations  are  worthy  of  more  attention. 
From  a  speech  delivered  by  him  at  the  opening  of  the  Tai 
Yu  Shan  silver  lead  mine,  a  few  miles  from  Hong  Kong. 
we  gather  the  following  particulars,  which  are  of  import- 
ance in  this  connection.  He  has  obtained  from  the  pro- 
visional Government  of  Canton  permission  to  work  the 
mines.  He  endeavored  to  impress  the  Government  with 
the  important  fact,  that  by  opening  up  the  mineral  re- 
sources of  the  country,  not  only  would   profits  accrue  to 


those  engaged  in  this  business,  but  that  great  benefit 
would  be  derived  from  the  employment  of  large  numbers 
of  the  laboring  classes,  thereby  furnishing  remunerative 
employment  to  them  at  home,  preventing  emigration,  and 
adding  to  the  wealth  of  the  country.  He  also  urged  the 
establishment  by  the  Government  of  an  office  of  mines,  at 
which  any  person  could  obtain  a  license  to  open  and  work 
mines.  This  proposal  has  been  favorably  considered  by 
the  Viceroy,  who  has  memorialized  the  Throne  for  im- 
perial sanction.  The  Viceroy  has  already  appointed  two 
totals  as  superintendents  of  the  mining  office  which  was 
opened  about  March  i  last,  and  for  about  $1,025  ^"y 
Chinaman  could  obtain  a  license  to  work  any  mine  in  per- 
petuity, the  government  receiving  a  royalty  of  the  pro- 
ceeds after  all  expenses  are  paid.  This  royalty  the  Vice- 
roy and  high  officials  have  fixed  at  10  per  cent,  for  silver, 
that  on  other  metals  to  be  determined  hereafter.  More 
than  50  applications  for  licenses  have  been  sent  in  since 
the  office  was  opened,  but  before  license  is  granted,  the 
authorities  will  consult  the  residents  in  the  vicinity  of  the 
proposed  localities,  to  ascertain  whether  they  object,  for 
it  seems  admitted,  that  unless  the  operators  have  the  sup- 
port of  the  public,  they  cannot  expect  to  succeed.  I  have 
deemed  these  facts  of  sufficient  interest  to  report  them,  as 
they  are  indicative  of  progress,  and  justify  the  expectation 
that  the  day  is  not  far  distant  when  the  mineral  resources 
of  this  country  will  be  developed,  and  a  demand  be  created, 
not  only  for  mining  machinery  of  the  most  approved  pat- 
terns, but  also  for  the  services  of  skilled  mining  engineers 
and  other  operatives,  whose  services  must,  for  a  time  at 
least,  prove  indispensable.  I  will  add  that  1  have  sub- 
mitted this  statement  mainly  because  the  Tai  Yu  Shan 
mine  is  located  on  the  island  of  Lantao.  only  six  or  seven 
miles  from  Hong  Kong,  and  that  I  had  opportunity  of 
judging  bv  ocular  inspection  of  the  rich  character  of  the 
galena  exposed  in  the  preliminary  blastings." 


The  First  Railroad  in  France. 

Mr.  Leon  Aucoc  recalls  the  fact  that  in  celebrating  in 
18S7  the  semi  centennial  of  the  inauguration  of  railroads 
in  France  a  serious  historical  error  will  be  committed. 

In  short  he  shows,  from  official  documents,  that  the 
concession  (or  charter)  for  the  railroad  from  St.  Etienne 
to  the  Loire  dates  from  February  26.  1S23;  that  oi  the 
railroad  from  St.  Etienne  to  Lyons  from  June  7,  1826; 
that  of  the  railroad  from  Andrezieux  to  Rouen  from 
August  27,  1828;  and  that  of  the  railroad  from  Epinac  to 
the  Canal  of  Burgundy  from  April  27.  1830.  All  these 
concessions  were  made  in  perpetuity  by  royal  ordinance. 
There  followed  the  concession  for  the  railroad  from  .\lais 
to  Beaucaire,  the  first  case  of  a  temporary  or  limited  con- 
cession, which  was  authorized  by  the  law  of  June  29.  1833. 
The  railroad  from  Paris  to  St.  Germain  le  Pecq  was  the 
sixth  charter,  by  a  law  of  July  9.  1835. 

From  the  point  of  view-  of  actual  construction  the  line 
from  St.  Etienne  to  the  Loire  was  opened  October  1,  1828; 
that  from  St.  Etienne  to  Lyons,  in  part,  October  1.  1830; 
from  St.  Etienne  to  Roanne,  February  5,  1834,  while  the 
road  from  Paris  to  St.  Germain  was  only  opened  .August 
26,  1837. 

The  first  railroads,  it  is  true,  were  exclusively  intended 
for  the  transportation  of  freight,  and  the  motive  power 
was  furnished  by  horses  or  by  stationary  engines.  But 
the  transportation  of  passengers  on  the  St.  Etienne-Lyons 
linewas  begun  in  July,  1832,  and  in  1836  the  number  of 
passengers  carried  over  the  road  exceeded  1 70,000.  Finally 
it  was  at  the  same  date,  July,  1832,  that  Marc  Seguin,  who 
had  taken  out,  in  February,  1828,  a  patent  for  a  tubular 
boiler,  used  for  the  first  time  on  the  St.  Etienne-Lyons 
lines,  the  motive  power  which  completes  the  railroad  and 
gives  it  its  true  character,  the  locomotive. 

In  short,  to  pretend  to  celebrate  in  1887  the  semi-cen- 
tennial of  French  railroads,  according  to  this  writer,  is  not 
only  to  mis-represent  or  to  be  ignorant  of  history  ;  it  is  to 
lower  the  flag  of  France  before  several  other  nations, 
when  in  fact  she  either  surpassed  or  at  least  equalled  them 
in  the  beginning  of  her  railroad  system. 
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Special  Tools  for  Railroad  Repair  Shops. 

In  June,  1S84,  the  Committee  on  Shop 
said,  in  its  report  to  the  Master  Mechani 

"  The  age  of  special 
tools  and  machinery 
has  come  to  stay.  :ind 
those  who  adhere  to 
old-time  notions  of  do- 
ing work,  getting  one 
machine  to  do  many 
kinds  of  work,  doing 
no  kind  economically  or 
accurately,  will  c  e  r  - 
tainly  be  left  behind. 

This  statement  was 
diiulitless  correct  and  to 
the  point. 

The  consolidation  of 
railroads  makes  dupli- 
cation   of  pans    neces- 
sary for  proper  and 
etficient    maintenance   of  re 
stock   generally  :    this    dupl: 
special  tools  and  machinery  a  necessity 
being  continually  placed  on   the  market. 
All    machine-tool    builders     have    their 
specialties  and  aim  at  the  production  of 
tools,  the  use  of  which  will  cheapen  and 
simplify  the  work  fi  >r  which  it  is  designed. 
Portable     tools     and    machinery    which 
are     light     and     easily     handled,    have 
proved  invaluable   for   round-house   and 
cepair-shi.p    work;    these   machines  can 
be   taken   to    the   work,  and  only  those 
parts  requiring  repairs  need  be  removed. 
This  facilitates  the  work  very  much,  and 
.at  the  same  time  gives  the  use  of  the  ex- 
pensive    stationary     machine     hitherto 
■used,  for  other  kinds  of  work. 

The  first  machine  described  in  this 
.article,  and  one  of  the  earliest  machines 
introduced  in  this  particular  line,  is  a 
Patent  Portable  Locomotive  Cylinder 
Boring  Machine,  designed  and  used  for 
boring  out  locomotive  cylinders  in  their 
places  by  the  removal  of  one  or  both  heads 
and  piston  ;  the  back-head,  crosshead 
and  guides  need  not  be  removed  unless 
so  desired.  On  removing  the  piston  and 
leaving  the  front-head  and  stuffing-box, 
.a  small  cone  takes  the  place  of  the  stuf- 
fing-box at  once,  and  with  proper  ad- 
justment at  the  front-head  the  machine 
is  ready  for  work.  It  is  fed  with  a  con- 
stant feed  of  cut  gears.  The  clamps  or  crossheads  are  so 
arranged  that  they  may  be  conveniently  used  on  loco 
cylinders  of  all  sizes.  The  same  bolts  or  studs  that  fasten  the 
cylinder  head  on  are 
used  to  bolt  the  bar- 
supports  also.  Two 
rods  are  fastened  to 
the  ends  of  the  cross- 
head  that  supports  the 
bar  in  the  cylinder  and 
to  an  adjustable  swivel 
crosshead  on  the  end  of 
screw  ;  these  take  the 
whole  of  the  thrust  and 
torsion  strain  of  the 
bar.  It  makes  no  dif- 
ference what  position 
the  bar  is  in,  the  end 
thrust  is  always  in  ex- 
ACt  line  with  it.  causing 
it  to  cut  steady,  smooth 
and  absolutely  true. 
The  feed-nut  is  in 
halves,  held  together 
by  a  round  nut,  so  (hat  F'g- 

when  the  cut  is  through 

he  cylinder,  by  unscrewing  the  round  nut,  opening  the  half-    I 
puts,    loosening   the    tools    so    that    they    will  not    mark    the     | 


cylinder  in  moving  back  and  pushing  in  the  end  of  bar  until 
the  cutter-head  is  in  its  place,  it  is  ready  for  work.  The  feed 
can  be  thrown  out  of  gear  at  any  time  by  simply  screwing  up 
the  round-milled  nut,  and  by  loosening  the  nut  the  machine 
will  feed  automatically.  The  larger  sizes  of  this  machine  are 
made  with  convenient  change  of  feed  so  that  after  the  rough- 
ing or  truing  cut  has  been  taken,  it  can  be  instantly  changed 
to  a  coarse  feed,  linishing  quickly  and  accurately.  An  at- 
tachment is  made  with 
the  driving  power  for 
holding  it  in  position, 
rigid  anil  (inn,  one  end 
beingfastenedattheex- 
tremeend  of  the  drivin3 
power,  the  other  at  the 
crosshead.  By  ijlacing 
the  crosshead  vertically 
the  driving  power  can 
stand  horizontally,  the 
is  a  c  c  u  r  a  t  e  I  >■ 
round,  bearings 
■^craped  out  to  fit  and 
it  will  stand  a  great 
amount  of  wear  before 
loss  of  motion  occurs- 
Cutter-heads  are  fur- 
machines  are  built  any 
or  power  as  desired, 
jrning  by  hand  ;  lig.  2, 


nished  for  boring  driving-boxes.  These 
size  required  and  can  be  run  by  hanc 
Fig.  I,  shows  machine  with  crank  for  t 


Fig.?2. 

shows  a  machine  in  actual  operation,  power  being   furnished 
by  the  "  Gyp  "  engine. 

In  addition  to  the  machine  described  above  we  illustrate 
another  Portable  Cy- 
linder Boring  Ma- 
chine differing  in  con- 
struction and  operation 
and  designed  more 
particularly  for  re-bor- 
ing all  makes  and  sizes 
■am-engine  cylin- 
ders, pumps,  steam 
hammers,  blowing 
engines,  air  com- 
pressors, mining  and 
hoisting  engines,  Cor- 
liss valves,  hydraulic 
and  steam-hois  t  s  , 
heavy  housings,  large 
wheels,  etc.,  etc.  In 
this  machine  the  boring 
head  travels,  while  in 
the  former  one,  the  bar 
travels.  It  is  only 
5.  necessary    to    take    off 

the  cylinder-head  and 
remove  the  piston,  when  the  cylinder  can  be  rapidly  and  ac- 
curately bored  out.       This  saves  breaking  the  steam    joints. 
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bolts,  etc.,  and  often  the  cylinder  can  be  re-bored  in  less  time 
than  it  would  take  to  remove  a  cylinder  from  its  bed.  The 
cutter-heads  are  fed  by  a 
screw  in  one  side  of  bar 
and  operated  by  the 
feed-casins  on  the  end 
which  contains  the  gear- 
ing, by  changing  posi- 
tion of  which  two 
changes  can  be  made 
and  slow  feed  for  rough- 
ing out  and  a  fast  for 
finishing  cuts.  The  feed 
is  automatic  and  at  the 
pleasure  of  the  operator 
The  bar    is  driven  bv  a 


a  large  variation  in  the  feed,  from  roughing  to  finishing,  etc. 
The  cutter  is  conveniently  fed  down  by  the  operation  of  a  nut 


|)0V 


gears,  either  with  a  crank 
or  belt  for  power.  With 
this  machine  there  is 
furnished  a  self-centering 
chuck  which  fits  in  the 
stuffing-box.  supporting 
the  bar  in  a  central  posi- 
tion at  the  end.  Fig.  ;, 
gives  a  general  view  of 
this  machine,  while  fig 
4  shows  same   re-boring 

in    its  present   position   on  the   engine-bed    the    cylinder    of  a 
mining  engine. 

The  employment  of  e.xperl  men  for 
the  facing  of  a  valve-seat  by  hand  is 
absolutely  necessary,  and  as  is  well 
known  it  is  a  long  and  expensive  job. 
A  machine  that  will  do  this  work  ra- 
pidly and  at  the  same  time  accurately, 
if  not  too  expensive,  is  a  great  saving 
in  time,  labor  and  material.  The 
Patent  Portable  Valve-Seat  Rotary 
Planing  Machine  described  below  has 
been  in  successful  use  for  years,  even 
smaller  lines  of  railroad  with  few 
locomotives  finding  it  an  economical 
tool.  It  has  been  used  very  exten- 
sively by  its  manufacturers  in  facing 
off  the  valve-seats  of  stationary  en- 
gines, and  they  recently  trued  up  the 
valve-seat  on  an  upright  plowing  en- 
gine in  Western  Virginia,  sending  a 
man  with  machine  to  do  the  work.  It 
has  also  been  adapted  with  slight 
changes  to  various  other  uses,  one  of  ^'g 

which  is  the  manufacture  of  large  stop^    for  water  mains.   The 


Philadelphia  Water  Depar 
the  largest  ever  built,  in  almost  constant  use. 
This  machine  can  face  ofif  a  48-in,  stop,  insert 
the  brass  rings  and  finish  up  in  10  hours,  and 
when  the  machine  is  not  in  use,  it  is  swung 
out  of  the  way  and  the  room  utilized  for 
other  work.  The  construction,  mode  of  at- 
tachment and  operation  of  the  machine,  for 
general  purposes  (fig.  (,. ),  is  easily  understood 
after  an  examination  of  the  cut.  There  are 
two  horizontal  disks,  the  upper  secured  b\ 
radia  arms,  adjusted  to  suit  the  position  of 
the  studs  in  the  valve-seat  ;  the  lower  carr) 
ing  the  cutter  and  its  slide,  revolves  freeh 
against  the  upper,  and  is  held  in  place  b\  a 
king-bolt  passing  through  its  center.  This 
lower  plate  is  also  secured  by  a  circular  gib 
upon  its  circumference,  which  admits  of  tak 
ing  up  the  wear.  It  is  an  annular  gear  ha\  - 
ing  teeth  cut  on  its  inner  peripher\  from 
which  it  receives  its  rotary  motion  by  means 
of  its  connections  with  the  bevel  gears  and 
crank.  The  crank  may  be  replaced  bv  a 
pulley  if  power  be  convenient.  The  double 
bevel  shaft  acts  like  a  back  gear  and  admit', 
of  a  change  of  speed.  Either  bevel  is  thrown 
into  gear  at  pleasure  by  the  movement  of  a 
pin  in  a  slot  operated  by  the  hand-wheel.  If 
the  outer  bevel  is  in  action,  it  gears  directly 
into  the  lower  plate  ;  if  the  inner  bevel,  it  is 
slow  geared  to  the  outer,  and  that  to  the 
plate.  The  revolving  lower  plate  is  fitted 
with  the  V  slide  and  the  tool-post,  and  is  fed 
by  a  screw  and  star  wheel,  arranged  to  give 


■(fig.  5) 


Fig.  4. 

ng  against  the  tool-post.  The  radial 
nachine  to  the  studs  are  so  finished 
with  slots  as  to  give  a  wide  range  of 
adjustment. 

Great  care  has  been  taken  to  have 
the  nuts  and  washers,  that  are  fur- 
nished on  the  studs  for  holding  the 
machine,  clamp  the  radial  arms  so  as 
not  to  spring  the  machines  The 
nuts  are  turned  convex,  and  the 
washers  are  bored  out  concave,  so 
that  a  perfect  ball-and-socket  joint  is 
formed,  allowing  adjustment  of  the 
machine  ai.d  holding  it  firm  and 
solid,  even  though  the  stud  should 
be  out  of  line.  In  case  the  stud 
holes  in  a  small  seat  should  come 
inside  the  plates,  four  other  radial 
arms  are  furnished  with  the  machine, 
fitted  with  a  T-slot,  and  with  a  hole 
at  the  otherend  corresponding  to  the 
hole  for  the  old  stud,  thus  affording 
facilities  for  extreme  cases. 
5-  This  machine,  it  is  claimed,  will  do 

the  work  accurately,  without  the  use   of  files  or  scrapers  after 
the  machine  has  faced  off  the  seat.     The   plates  are  set  true 
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with  the  unworn  parts  of  the  valve-seat,  consequently  the  new 
face  will  be  likewise  true.  It  is  readily  seen  that  the  work 
done  is  exactly  in  line  with  the  travel  of  the  valve-stem, 
thereby  preventing  the  yoke  from  slipping  up  and  down  the 
valve,  as  well  as  all  extra  friction  on  the  valve-stem.  No 
more  material  need  be  removed  than  is  absolutely  necessary 
to  true  up.  thus  saving  the  seat.     The  work  is  done  by  a  con- 


ing to  face  the  valve.     Fig.  8   shows  the  machine  proper,  and 
(ig.  <)  shows  the  machines  in  combination. 

The  tools  illustrated  in  this  article  are  made  at  the  L  H. 
Flanders  IVlachlne  Works  of  Messrs.  Pedrick  &  Aycr  in 
PhlLidelphia. 


Vulcabeston. 

TuK  H.  W.  Johns  Manufacturing  Company,  of  New  York, 
has  brought  out  this  new  material,  composed  of  asbestos  com- 
bined with  water  and  acid-proof  materials,  vulcanized  and 
compressed.     It  is  used  for  piston,  piston-rod.  ring-flange  and 


shi 


Fig.  7- 

tinuous  cut,  and  the  loss  of  time  from  the  return  motion  of  the 
ordinary  planer  avoided.  There  is  also  no  breaking  out  of 
the  edges.  It  is  estimated  that  an  ordinary  locomotive  valve- 
seat  can  be  trued  up  in  two  hours.  These  machines  are 
strong  and  well  fitted  up,  are  easily  handled  and  ought  to  be 
an  excellent  tool  in  every  respect.  They  are  built  in  three 
sizes,  iS,  22  and  26  in.  The  22  in.  style  is  sufficient  for  all 
but  the  very  largest 
class  of  locomotives. 
All  the  wearing  sur- 
faces are  carefully 
scraped  by  hand,  and 
the  machines  are 
thoroughly  tested  be- 
fore being  shipped 
from  the  works. 

Fig.  7  shows  this 
machine  in  operation 
by  hand. 

The  Patent  Portable 
Valve  Chuck  is  used 
onlyincombination  with 
the  portable  valve-seat 
rotary  planing  machine 
and  is  built  in  three 
sizes  to  suit  the  same. 
For  round-house  and 
repair-shop  work,  it  is 
valuable,  as  the  use  of 
the  planer  is  obviated 
entirely.  The  lower 
plate  has  dove-tailed 
slides  that  carry  two 
movable  jaws,  oper- 
ated by  a  right  and  left- 
hand  screw,  bringing 
them  up  central,  firmly 
clamping  the  back  of 
the  valve  and  holding 
it  central  for  planing.  The  four  uprights  at  the  corners  have 
about  2  in.  of  adjustment,  with  graduations,  enabling  the  ma- 
chine to  be  set  parallel  with  the  table.  After  the  seat  has 
been  faced,  the  machine  is  taken  off  and  placed  on  the  four 
-graduated  uprights  of  the   chuck,  the  workmen  then  proceed- 


Fig.  9. 


packing,  gaskets,  washers,  etc.  One  kind  of  vulcabes- 
ton is  made  water-proof  and  another  kind  lire  and  water- 
proof. The  first  is  used  for  acid  chambers  for  electric  bat- 
teries,  and  the  second  is  a  non-conductor  of  electricity,  but  is 
not  acid-proof. 


Pumping  Engines  for  the  Potomac  Flats. 

At  the  last  meeting  of  the  Engineers'  Club  of  Philadelphia, 
Mr.  A.  P.  Broomell  presented  a  description  of  the  large 
engines  which  are  to  drive  the  centrifugal  pumps  in  the  works 
for  draining  the  Potomac  Flats  at  Washington.  This  descrip- 
tion is  given  in  the 
proceedings  of  the  Clnb 
as  follows 

"These  engines  ha  e 
2-j  X  24-in.  cylinder. 
They  are  exceptionally 
heavy  and  substanlial. 
the  bed-frames  alone 
weighing  close  to  five 
ions.  They  will  have 
automatic  cut-offs, 
using  my  patent  valves 
and  governor.  So  far 
as  I  am  aware,  this  is 
the  first  instance 
of  using  automatic 
cut-off  governors  of 
the  single-valve  type 
on  connected  engines. 
Since  the  shafts,  and 
runners  of  pumps 
%vear  out  very  rapidly, 
it  is  necessary  to  make 
all  parts  of'  the  gov- 
ernor in  halves  so  that 
they  may  be  readily 
taken  off  for  renewal 
of  shafts.  The  re- 
quirements of  this 
work  are  very  severe 
3_  on   engine,   the   speed 

being  160  revolutions 
as  a  regular  thing,  and  at  times  as  much  as  200  revolutions 
per  minute.  To  prevent  the  engine  working  endwise  at  this 
high  speed,  it  being  attached  only  to  the  floor  of  dredgers,  is 
a  pretty  difficult  matter.  The  plan  I  have  adopted  is  a  caging 
of   heavy  steel   I-beams,  firmly  bolted    and   riveted  together. 
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We  are  making  two  pairs  of  these  engines,  as  will  as  hve 
smaller  ones  for  these  parties.  A  few  of  the  leading  sizes  are  : 
"  Crank-shaft  of  hammered  steel.  13  ft.  long,  1 1  in.  diameter. 
Main-bearings.  17  in.  long,  babbitt  lined.  Crank-pins,  6X6 
in.,  hammered  steel.  Piston  rods,  cast-steel,  3^5  "i-  dia- 
metet.  Piston-heads  havf  self-packing  rings  of  ca'^t-iron. 
Steam-pipes,  6  in.  diameter.  These  dredging  machines  are 
owned  and  operated  by  Messrs.  Benson  &  McNee,  of  Wash- 
ington."         ^ 

[Copyrighted  by  the  Rogers  Locomotive  &  Machine  Works.] 

THE    ROGERS    LOCOMOTIVE   AND    MACHINE 
WORKS. 

iContinued  from  page  SS.» 

Chapter  V. 

SMOKE     BOXES. 

As  early  as  1859  some  engines  were  built,  at  the  Rogers 
Works  for  the  New  jersey  Railroad  &  Transportation  Com- 
pany, with  a  form  of  extended  smoke-box,  shown   in  figs.  93 


Fig.  93. 

and  94.  A  deflecting  plate, /i,  was  used  in  front  of  the  top 
rows  of  tubes.  In  the  same  year  the  form  of  plate  shown  in 
figs.  95  and  96,  which  had  an  adjustable  piece,  B,  on  its  lower 
edge,  was  used  on  engines,  both  with  and  without  the  ex- 
tended smoke-box.  In  1862,  the  telescopic  or  adjustable  pet- 
ticoat pipe,  shown  in  fig.  97,  was  applied  to  engines  for  the 
Nashville  &  Chattanooga  Railroad.     Figs.  98  and  99  show  the 


extended  smoke-box  as  recently  applied  to  passenger  engines, 
y^  j9  is  a  deflecting  plate  in  front  of  the  tubes,  and  C  C  C  is 
wire  netting  of  nui.-.ber  13  wire,  and  2;^^  meshes  to  an  inch. 
The  exhaust  nozzles  /•'/",  it  will  be  seen,  are  carried  up  above 
the  horizontal  center-line  of  the  boiler.  A  receptacle,  D,  for 
sparks,  is  attached  to  the  under  side  of  the  smoke-box.  and 
has  a  sliding  door,  E,  for  emptying  the  sparks  and  cinders- 
which  accumulate  in  the  front  end. 


Fig.  94. 

The  extended  smoke-bo.\,  when  it  was  first  introduced,  met 
with  little  favor,  but  in  recent  years  it  has  been  extensively 
used. 

fep:d-\v.\ter  heater. 

In  1859,  Mr.  Hudson  designed  a  feed-water  heater,  which  is 
represented  by  fig.  100,  which  he  applied  to  a  number  of 
engines  for  the  Southern  Railroad  of  Chili,  S.  A.  It  consisted 
of  a  cylinder,  C,  filled  with  small  tubes  /•'.  At  the  end  of  the 
cylinder  there  was  a  chamber  A.  and  another.  A,  at  the  oppo- 
site end,  which  was  connected  together  by  the  small  tubes. 
The  exhaust  steam  were  admitted  to  .-/  from  the  exhaust  pipes 
by  a  pipe  D.  and  passed  through  the  small  tubes  to  B.  The 
condensed  water  ran  out  through  the  pipe  /,,  or  it  was  con- 
veyed to  the  ash  pan.  If  not  condensed,  the  steam  passed 
through  the  pipe  G  to  the  chimney.  The  water  from  the  pump 
entered  the  heater  at  /s,  and  escaped  by  the  pipe  F,  to  the 
check  valve.  This  heater  was  used  for  some  time,  but,  as  has 
occurred  in  numberless  experiments  with  feed-water  heaters, 
it  was  finally  abandoned  under  the  impression  that  its  cost  was 
greater  than  the  saving  it  effected. 
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Fig-  95- 


Fig.  96. 


F'g    97- 


< 
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Fig.  98. 
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Fig.   103.-1S72 


Fig.   108. 


INJECTORS. 

Injectors  were  first  applied  to  locomotives  at  the  Rogers 
Works  in  i86i.  fig.  loi  shows  the  arrangement  then  used. 
Since  that  time  they  have  been  much  improved  and  are  almost 
universally  used  for  feeding  locomotive  boilers. 

SAFETY-VALVES. 


which  is  made  sufficiently  clear  by  the  engravings,  without 
other  explanation.  The  dates  when  they  were  first  used  is 
given  below  each  figure. 

(To  he  conlinued.) 

Belgian  Locomotives  For  Panama.— The  Panama   Rail- 
road  Company    has  ordered  30    locomotives    in   Belgium,   iS 
-  —  •        '         -^     '    hn  Cockerill 


Figs.  102  to  108  represent  different  kinds  of   safety  valves       from  the  St.  Leonard  Company  and  12  from  the  Jr 
,:.-i,  h,,B  h-^n   nspH    at  various  times,   the  construction  of    I    Company  at  Seramg. 


which  have  been   used    at  various  times,   the  construction 
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Proceedines  of  Societies. 


Master  Car-Builders'    Association. 

TllK  office  of  M.  N.  Kornty,  Secretary  of  thi-  Master  Car- 
Builders'  Association,  will,  on  May  i  nixt,  be  removed  from 
No.  2\  Murray  street  to  No.  45  Broadway,  New  York.  All 
business  letters  and  communications  intended  for  the  Secre- 
tary should  be  .iddressed  to  him  at  45  Broadway  from  May  i, 
accordingly. 

Engineers'  Club  of  Cleveland. 

Thi  annual  meetinR  of  this  Club  was  held  in  Cleveland,  O., 
March  S.  Reports  were  received  from  the  officers  and  com- 
mittees, and  the  following  officers  were  elected  for  the  ensuing 
year  :  President,  John  Whitelavv  ;  Vice-President,  W.  R. 
Warner;  Corresponding  Secretary,  C.  O.  Arey  ;  Recording 
Secretary,  C.  M.  Barber;  Treasurer,  S.  j.  Baker;  Member 
of  the  Board  of  Managers  of  the  Association  of  Engineering 
Societies,  M.  K.  Rawson. 

The  Committee  on  National  Public  Works  reported  that  a 
meeting  of  civil  engineers  would  be  called  during  the  summer 
at  Washington,  to  take  measures  to  influence  legislatio  in  the 
next  Congress. 

Boston  Society  of  Civil   Engineers. 

The  annual  meeting  was  held  in  Boston.  March  16.  Presi- 
dent George  L.  \'osc  in  the  chair.  The  officers  and  Governing 
Committee  presented  their  annual  reports. 

.\fter  the  reading  of  the  reports,  officers  for  the  ensuing 
year  were  elected  as  follows:  President,  L.  F.  Rice;  Vice- 
President,  F.  P.  Stearns:  Secretary,  H.  L.  Eaton  ;  Treasurer, 
Henrv  Manley  ;  Auditor,  Thomas  Aspinwall  ;  Librarian,  H. 
D.  Woods. 

After  the  adjournment  of  the  business  meeting,  the  annual 
■dinner  of  the  Society  was  given  at  Young's  Hotel,  a  large 
number  of  members  and  invited  guests  being  present. 

Canadian  Society  of  Civil  Engineers. 

The  organization  of  this  Society  was  completed  at  a  meet- 
ing held  in  Montreal,  Feb.  24.  The  same  evening  the  mem- 
bers attended  a  reception  given  in  honor  of  the  new  society. 

T  e  officers  chosen  are  :  President,  T.  C.  Keefer  ;  First 
Vice-President,  Walter  Shanley  ;  Second  Vice-President,  Col. 
C.  S.  Gzowski  ;  Third  Vice-President,  |.  Kennedy;  Secretary 
and  Treasurer,  Prof.  Henrv  J.  Bovey  :  Council,  Alan  Mac- 
dougall,  H.  F.  Perley,  F.  N^  Gisborne,  H.  D.  Lumsden,  H.  S. 
Poole,  P.  \V.  St.  George,  E.  P.  Hannaford,  H.  Wallis,  S. 
Keefer,  Hurd  Peters,  H.  N.  Ruttan.  W.  T.  Jennings,  H.  T. 
Bovey,  Louis  Lesage,   P.  A.  Peterson. 

The  headquarters  and  place  of  rgeeting  of  the  new  society 
will  be  in  Montreal. 


New  England  Water  Works  Association. 

The  regular  monthly  meeting  was  held  at  Young  s  Hotel, 
Boston,  March  9,  about  50  persons  being  present. 

Mr.  Albert  F.  Xoyes,  City  Engineer  of  Newton,  Mass.,  read 
a  paper  on  Driven  Wells  as  a  Source  of  Water  Supply.  He 
began  with. a  historical  sketch  in  which  he  named  when,  where 
and  by  whom  the  use  of  driven  wells  was  begun  in  this  coun- 
try. Colonel  Green  and  Calvin  Horton  are  closely  identified 
with  this  method  of  obtaining  water.  The  paper  described  in 
considerable  detail  the  tools  and  methods  employed,  and  dis- 
tinguished between  driving  and  boring. 

"The  great  difference  in  the  quantity  of  water  which  is  stored 
in  the  voids  of  different  soils  was  noted  and  figures  were 
quoted.  The  writer  insisted  that  the  amount  of  water  to  be 
obtained  from  any  system  of  pipe-wells  can  only  be  known 
with  any  approach  to  certainty  after  thorough  experiments 
extending  over  a  considerable  period  of  time.  The  question 
as  to  the  comparative  amounts  of  water  to  be  obtained  from 
driven  and  open  wells  was  briefly  discussed  and  the  conclu- 
sion reached  that  no  general  rule  could  be  formulated.  By 
the  courtesy  of  Chief  Engineer  Van  Buren,  Mr.  Noyes  was 
able  to  give  full  details  of  the  Andrews  driven  wells  in  use  at 
Brooklyn,  N.  Y.,  which  may  be  quoted  as  a  successful  example 
of  this  method  of  obtaining  water.  Cohassett,  Hyde  Park 
and  Westboro,  Mass.,  were  mentioned  as  towns  in  which 
driven  wells  have  been  successfully  used. 


The  paper  was  discussed  at  length  by  Messrs.  M.  M.  Field. 
J.  A.  Tilden,  C.  F.  Allen  and  President  Rogers.  Opinions 
were  expressed  that  where  driven  wells  were  Uftd  it  was  neces- 
sary to  have  careful  inspection  to  determine  the  quality  of  the 
water  before  using  it ;  also,  that  no  more  water  can  be  obtained 
by  any  patented  process  than  can  be  had  by  any  simple  method 
of  driving.  _     ^ 

Engineers'  Society  of  Western   Pennsylvania 

A  RF.(Uii,AK  meeting  of  this  Society  was  held  in  Pittsburgh, 
March  15.  Resolutions  of  regret  at  the  death  of  Captain  James 
B.  Eads  were  unanimously  adopted. 

Mr.  Thatcher  read  a  paper  on  Bridge  Specifications,  with 
especial  refen-nce  to  those  adopted  by  the  Keystone  Bridge 
Company.     This  paper  called  out  a  long  discussion. 

Colonel  j.  P.  Roberts  then  read  a  paper  on  the  High  and 
Low  Water  Lines  as  fixed  at  Pittsburgh,  pointinK  out  the  diffi- 
culty of  determining  either.  He  proposed  the  adoption  of  a 
system  for  the  determination  of  these  lines  up  the  Mononga- 
hela  to  McKeesport.  up  the  Allegheny  to  Hulton  and  down 
the  Ohio  to  Sewickley.  It  was  decided  to  appoint  a  commit- 
tee of  seven  to  lay  the  matter  before  Col.  W.  P..  Merrill,  of 
the  United  States  Engmeers,  the  city  authorities,  the  Chamber 
of  Commerce  and  the  Coal  Exchange,  to  report  back  any 
modifications  or  improvements  which  it  may  deem  advisable. 

The  Societv  has  secured  permanent  quarters  in  the  Penn 
Building  in  Pittsburgh,  and  its  meetings  will  be  held  there  here- 
afier. 


American  Society  of  Civil  Engineers. 

At  the  meeting  of  March  2  Mr.  Wm.  Metcalf  read  a  paper 
on  Steel  :  Its  Properties  ;  its  Use  in  Structures  and  in  Heavy 
Guns.  An  abstract  of  this  paper  will  be  found  on  another 
page. 

This  paper  was  discussed  by  Major  Miller,  Captain  F.  V. 
Green,  Commander  Robson,  Lieutenants  Danenhower  and 
Rogers,  Mr.  R.  W.  Hunt  and  others.  Letters  were  also  read 
from  Senator  Miller  and  Lieutenant  Ingersoll.  Owing  to  the 
length  of  the  paper  and  the  lateness  of  the  hour,  the  discus- 
sion was  necessarily  brief,  and  it  was  decided  to  take  up  the 
subject  again  at  the  regufar  meeting  in   April. 

At  the  meeting  of  March  16  a  paper  was  read  by  Mr.  C.  W. 
Tompkins,  on  the  Brick  Industry  in  New  Y'ork  and  its  Vicinity. 
This  paper  gave  an  interesting  account  of  the  manufacture  of 
bricks  at  various  points  near  New  York.     It  was    followed  by 


Mr.  A.  M.  Wellington  then  gave  a  short  account  of  the 
BuEsey  bridge  on  the  Boston  &  Providence  Railroad,  the  fall 
of  which  caused  the  recent  very  fatal  accident. 

Mr.  Henry  S.  Pritchard,  of  Philadelphia,  was  introduced  by 
Mr.  Wellington  and  gave  an  account  of  his  investigation  of  the 
fallen  bridge.  He  also  showed  two  broken  eye- bars  taken 
from  the  bridge. 


Engineers'  Club  of  St.  Louis. 

A  REGULAR  meeting  was  held  in  St.  Louis,  March  2,  Presi- 
dent Potter  in  the  chair  ;   24  members  and  3  visitors  present. 

Messrs.  Alexander  E.  Abend,  Charles  F.  MuUer,  Max  G. 
Schinke  and  Lewis  Stockett  were  elected  members. 

Mr.  Robert  Moore  then  read  a  paper  on  the  Present  As- 
pects of  the  Problem  of  hner-Oceanic  Ship  Transfer.  A 
history  of  the  various  schemes  which  had  been  made  public 
was  given,  as  well  as  the  results  reached  and  the  difficulties 
yet  to  be  met.  At  present  the  question  had  narrowed  down 
to  three  prominent  routes,  each  of  which  had  its  supporters. 
The  De  Lesseps  Panama  Canal  was  discussed  at  length,  the 
present  condition  of  the  work  noted,  its  cost  thus  far,  and 
the  amount  necessary  to  finish  it  shown.  This,  as  well  as  the 
grave  engineering  difficulties  to  be  solved,  and  on  which 
the  success  of  the  work  hinged,  led  the  speaker  to  believe  its 
completion  impossible  and  its  early  collapse  probable.  The 
second  scheme,  known  as  the  Tehuantepec  route  was,  for  top- 
ographical reasons,  not  available  for  a  canal,  but  has  been 
chosen  by  Capt.  las.  B.  Eads  for  his  ship  railroad.  This  plan 
was  also  discusse'd  at  length,  and  its  advantages  and  disad- 
vantages considered.  The  great  first  cost,  the  cost  of  operat- 
ing, and  the  serious  and  as  yet  unsolved  engineering  difficulties 
to  be  met,  seemed  to  throw  the  preponderance  of  evidence 
against  the  enterprise.  The  third  scheme  was  that  known  as 
the  Lake  Nicaragua  Canal  which,  so  far,  has  not  been  as  prom- 
inentlv   mentioned  as   the  others.     While  its   first  cost  is  un- 
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doubiedly  great,  it  is  not  so  large  as  either  of  llie  others,  and 
its  operating  expenses  would  be  much  less.  The  work  was 
of  great  magnitude,  but  yet  of  a  character  which  had  already 
rn  rainy  instances  been  successfully  handled,  and  in  the  whole 
toule  nothing  new  or  untried  would  be  met.  On  the  whole, 
he  speaker  believed  the  Nicaraguan  scheme  the  one  which  best 
deserved  the  recognition  and  support  of  the  American  people. 
The  paper  was  discussed  by  Messrs.  Potter,  Seddon,  Mc- 
Malh.  H.  C.  Moore  and  Ockerson. 

A  UEGULAR  meeting  was  held  in  St.  Louis,  Nhirch  16  ;  26  mem- 
bers and  2  visitors  present.  Mr.  George  W.  Dudley  was 
elected  a  member. 

The  President  made  the  formal  announcement  of  the  death 
of  Capt.  Jas.  B.  Eads,  suggesting  appropriate  action  by  the 
Club. 

On  motion  the  President  was  directed  to  appoint  a  commit- 
tee of  three  to  draw  up  suitable  resolutions.  Messrs.  .Vlc- 
Math,  Moore  and  Holman  were  appointed  such  committee. 
On  vote  it  was  decided  that  the  Club  attend  the  funeral  in  a 
body. 

The  President  announced  the  receipt  from  the  Mississippi 
River  Commission  of  a  map  of  the  alluvial  basin  of  the  Mis- 
sissippi River  from  the  St.  Francis  basin,  south. 

-Mr.  Carl  Gayler  then  read  a  paper  on  Anchorage  of  Suspen- 
sion Bridges,  describing  the  common  practice,  and  making 
some  criticisms  ;  also  suggesting  certain  improvements,  as 
adopted  in  the  city's  practice.  The  paper  was  discussed  by 
Messrs.  Johnson,  Frith,  Holden,  Seldon,  Macklind  and  Moore. 

The  Club  then  adjourned. 


American  Society  of  Mechanical  Engineers. 

The  following  circular  has  been  issued  by  the  Secretary, 
Mr.  F.  R.  Hutton; 

"  By  a  resolution  of  the  council,  pursuant  to  the  request 
and  suggestion  of  a  large  number  of  the  members,  the  XVth 
Meeting  of  the  Society  will  be  held  in  the  City  of  Washing- 
ton, D.  C,  about  the  middle  of  May,  1S87.  The  exact  date 
and   further  details  will   be    the   subject   of   later  announce- 

"  Papers  for  this  Meeting  must  be  in  the  Secretary's  hands 
before  March  25,  and  titles  should  be  sent  on  at  once.  It  may 
be  mentioned  that  fewer  papers  than  usual  have  been  so  far 
contributed  and  promised,  and  the  obligation  is  urged  upon 
every  member  to  see  that  our  Transactions  are  not  allowed 
to  deteriorate  in  value  from  his  inaction.  Topics  are  also 
solicited  for  the  topical  discussions  at  once.  The  Secretary 
will  be  glad  to  correspond  immediately  with  members  who 
have  subjects  to  present." 


Master  Mechanics'  Association. 


Replies  should  be  addressed  to  Mr.  Charles  Blackwell,  care 
Union  Pacific  Railway,  Omaha,  Nebraska. 

ARKANGEMENTS    FOR    ANNIAI     MI.ETINl.. 

-Arrangements  have  been  made  with  the  proprietors  of  the 
Hotel  Ryan,  St.  Paul,  for  the  accommodation  of  nr. embers  of 
the  Association  and  their  friends  who  will  attend  the  20th  an- 
nual convention,  to  be  held  at  St.  Paul,  commencing  Tuesday, 
June  21,  18S7. 

The  charge  willbeS--5"  per  day  for  each  person.  Addi- 
tional charges  for  extra  accommodations. 

Members  requiring  rooms  are  requested  to  engage  them  if 
possible  before  .'une  i,  by  filling  up  the  enclosed  blank  and 
mailing  it  to  the  Hotel  Ryan,  St.  Paul,  Minn.  Any  members 
who,  after  having  secured  rooms  as  above,  (ind  themselves 
unable  to  attend,  will  confer  a  favor  by  notifying  the  proprie- 
tors of  the  Hotel  Ryan  at  as  early  a  date  as  possible. 
(i.  W.  CUSHING, 

Cle.m  Hack.nev, 

R.   W.    Bl'SHNEII  , 

Committee. 


Engineers'   Club  of  Minneapolis. 

At  the  last  meeting  of  this  Club  in  Minneapolis,  Feb.  21,  a 
letter  from  G.  \V.  Wilder,  of  \ew  Vork.  on  Coast  Defenses. 
was  read  ; 

The  subject  of  Heating  Railroad  Cars  by  Steam  was  dis- 
vussed.  the  universal  opinion  being  that  it  was  time  to  take 
some  action  relative  to  heating  cars  that  would  insure  safety  as 
well  as  comfort. 

The  Club  appointed  the  following  standing  committees  for  the 
ensuing  year  : 

Librarv  and  Literature— W.  W.  Redfield. 

Bridges  and  Material— F.  W.  Coppdin.  A.  I.  Rigi;s  and 
William  R.  Hoag. 

Railroads  and  Transportation — J.  W.  Kendrick.  E.  T.  Ab- 
bott and  M.  D.  Rhawn. 

Sewers  and  Drainage— F.  W.  Carr  and  C.  W.  Redfield. 

Engineering  Jurisprudence — John  Lamb. 

Building  Material  and  Sanitation — Fred.  Keyes,  J.  M.  Ho- 
gan  and  (i.  Sidnev  Houston. 

Rivers  and  Canals— D.  P.  Waters,  G.  W.  Sturtevant  and  F. 
H.  Todd. 

Streets  and  Paving— George  W.  Cooley  and  C.  E.  Sprague. 

Surveying  and  Topography — F.  L.  Shaw,  A.  C.  Libby  and 
Frank  Plummer. 

Weights  and  Measures— W.  S,  Pardee,  Robert  .Augst  and 
Edward  Barrington. 

Machinery— R.  IL  Sandford.  J.  H.  Barr  and  William  de  la 
Barre. 

Water  Supply— J.  Waters  and  D.  P.  Waters. 

Municipal  Engineering — Andrew  RinUer.  William  de  la 
Barre.  E.  T.  .\bbott  and  William  \'an  Duzen. 

Contracts  and  Management  of  Work  — P.  B.  Winston. 


PKOPORTIONS    OF    LOCOMOTIVE    CYLINDERS. 

1.  What  rule  do  you  recommen  1  being  used  in  calculating 
proper  size  of  cylinders  of  passenger  locometives,  when  boiler 
steam-pressure,  diameter  of  driving-wheels  and  weight  on  same 
are  given  quantities? 

2.  State  what,  if  anv,  deviation  from  this  rule  should  be 
made  in  the  case  of  freight  and  switching  engines. 

3.  State  vour  reasons  for  adopting  such  rules,  and,  if  possi- 
ble, demonstrate  the  correctness  of  the  same  by  results  ob- 
tained in  every-day  practice. 

4.  In  making  the  calculations  referred  to,  do  you  assume 
the  diameter  of  driving-wheels  to  be  diameter  outside  the  tires 
when  new.  or  when  half  worn?  What  percentage  of  bni  er 
pressure  do   you  assume  to  be  the  average  cylinder  pressure  ? 

5.  Does  your  experience  indicate  that  engines  n  which  the 
ratio  of  weight  on  drivers  to  tractive  power  is  much  below  the 
average,  give  better  or  worse  results  in  work  done,  and  in  the 
economical  performance  of  same,  than  engines  of  same  trac- 
tive power,  and  in  which  the  ratio  between  weight  on  drivers 
and  tractive  power  is  above  the  average?  Is  life  of  tires  longer 
in  one  case  than  the  other? 

0.  If  you  can  present  any  facts  bearing  on  this  subject  and 
which  may  be  of  service  to  the  Association,  you  are  respect- 
fully requested  to  communicate  the  same. 

F.  L.  Wanklvn, 
T.  E.  Barnett, 
Charles  Blackwell, 

Committee. 


Engineers'  Club  of  Philadelphia. 

A  regular  meeting  was  held  ac  the  Club  House  in  Phila- 
delphia, Feb.  19,  President  T.  M.  CIcemann  in  the  chair  ;  34 
members  and  i  visitor  present. 

Mr.  John  Fernie,  C.  E.,  Member  Institute  of  Civil  Engin- 
eers, Institute  of  Mechanical  Engineers,  etc.,  of  England,  de- 
livered an  entertaining  and  instructive  address  upon  the  Me- 
chanical Genius  and  Works  of  the  late  Sir  Joseph  Whitworth. 

A  RFGULAR  meeting  was  held  at  the  Club  House  in  Philadel- 
phia, March  5,  President  T.  M.  Cleemann  in  the  chair  :  15 
members  and  I  visitor  present. 

Mr.  S.  L.  Kneass  presented  an  illustrated  description  of  a 
new  Fixed  Nozzle  Automatic  Injector  which  will  restart  itself, 
if  from  any  cause  its  supply  of  water  or  steam  be  temporarily 
interrupted.  It  is  especially  designed  for  locomotive  service, 
where  its  power  of  adapting  itself  to  varying  steam  pressures 
audits  automatic  action  are  especially  desirable.  He  closed 
with  a  few  remarks  on  the  theory  of  the  action  of  the  injector 
and  its  efficiency. 

Mr.  R.  W.  Lesley  presented  illustrated  notes  upon  the  manu- 
facture of  Cement  in  the  United  Stales  and  the  Growing  De- 
mand for  High-class  Mortars.  The  Secretary  presented,  for 
Mr.  Theodore  J.  Lewis,  a  paper  upon  3-in.  rs.  4-in.  tires  for 
locomotives. 

The  Secretary  presented,  for  Mr.  .\.  P  Broomell,  an  illus- 
trated description  of  the   L.nrge  Engines  being  built  10  drive 
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the  Centrifugal  Pumps  for  recl.uminy  the  I'otcimac  Flats, 
Washington,  D.  C. 

The  Secretary  also  presented,  for  Mr,  BrcomcU,  a  copy  of 
an  Ice  Machine,  which  he  had  designed  with  a  view  of  over- 
coming some  of  the  objectionable  features  in  previous  machines. 

The  Secretary  presented  sundry  announcements  as  to  cur- 
rent business  and  correspondence. 


Western   Railway  Club. 

The  regular  monthly  meeting  was  held  in  Chicago,  .March 
16,  President  Scott  inthechair.  The  regular  subject,  Car  Heat- 
ing, was  taken  up. 

Mr.  Forsythe  opened  the  discussion  in  a  long  addi;ess,  in 
which  he  expressed  the  opinion  that  all  forms  of  stoves  and 
heaters  would,  in  the  end,  have  to  give  way  to  some  system  of 
continuous  heating.  He  believed  that  the  increase  in  grate 
surface  and  boiler  capacity  of  locomotives  would  enable  them 
to  meet  the  demand  for  steam  for  heating  purposes.  The  great 
objection  to  continuous  heating,  in  his  mind,  was  the  difficulty 
of  heating  cars  when  detached  from  the  locomotive,  and  he  be- 
lieved that  that  could  be  met. 

The  Sewall,  the  Harrington,  the  Herr  and  the  Cline  systems 
of  heating  were  then  described  at  length  by  their  inventors  or 
representatives. 

Letters  were  read  from  Mr.  Johann  describing  the  means  he 
had  taken  to  make  heaters  safe  ;  from  Mr.  Lowry,  describing 
the  Martin  system,  and  from  Mr.  Hickey,  describing  the  diffi- 
culties encountered  on  far  northern  roads,  subject  to  interrup- 
tion by  snow. 

Mr.  Gibbs  dL-scribed  the  experience  had  with  the  Martin 
heater  on  the  Chicago,  Milwaukee  &  St.  Paul  road,  the  results 
so  far  being  favorable.  He  thought  that  further  experiments 
would  be  needed  to  settle  the  question,  as  the  trial  this  season 
had  been  short. 

After  some  discussion  the  following  resolution  was  passed  . 

"That  it  is  the  sense  of  the  members  of  the  Western  Rail- 
way Club  that  it  would  be  advisable  for  railway  companies  to 
investigate  thoroughly  and  experiment  with  continuous  steam 
heating  of  passenger  trains  ;  and  that  a  committee  of  three  be 
appointed  to  endeavor,  through  the  managers  or  general  super- 
intendents of  some  of  the  prominent  railroads  running  into 
Chicago,  to  equip  trains  on  different  roads  with  different  de- 
vices." 

It  was  explained  that  this  resolution  was  intended  to  refer 
only  to  continuous  heating  methods,  but  not  to  discourage  ex- 
periments by  individuals  or  roads  in  any  direction  they 
pleased. 

The  rules  of  interchange  were  then  taken  up,  beginning  with 
Rule  21.  On  motion  of  Mr.  Meade  the  following  sentence  was 
recommended  to  be  added  to  Rule  21  : 

"  If  new  standard  parts  mentioned  in  Rule  15  be  more  ex- 
pensive than  original  construction,  allowance  shall  be  made 
for  the  same  as  may  be  agreed  upon." 

Rules  22  to  29  were  passed   without  alteration. 

Mr.  Meade  moved  that  in  Rule  30  the  words  "or  in  process 
of  purchase,"  be  stricken  out.     Carried. 

Mr.  Rhodes  submitted  the  statement  of  the  committee  ap- 
pointed at  the  January  meeting  to  report  on  the  height  of 
empty  freight  cars  from  the  center  of  draw-bar  to  top  of  rail  of 
all  roads  having  representative  members  in  the  Association. 

The  subject  for  discussion  at  the  April  meeting  will  be  the 
report  of  the  Committee  on  Interchange  Rules. 


New  England  Railroad  Club. 

TiiK  regular  March  meeting;,  which  was  also  the  fourth  an- 
nual meeting,  was  held  at  the  Club  Rooms  in  the  Boston  & 
Albany  station  in  Boston,  on  Wednesday  evening,  March  g. 
There  was  a  very  large  attendance. 

The  Secretary  and  Treasurer.  Mr.  J.  M.  Ford,  presented  his 
annual  report,  showing  that  the  cash  on  hand  at  the  beginning 
of  the  year  was  $131  :  received  from  clues,  $316  ;  total,  $447  ; 
expenditures,  S29C1  ;  leaving  a  balance  of  $151.  The  present 
membership  is  170,  a  gain  of  17  over  the  previous  year.  The 
average  attendance  at  the  monthly  meetings  has  been  113. 

The  nominating  committee  appointed  at  the  February  meet- 
ing presented  a  list  of  officers,  and  the  following  were  elected 
for  th"-  ensuing  year  :  President,  J.  N.  Lauder  ;  Vice-Presi- 
dent, George  Richards  ;  Secretary  and  Treasurer,  F.  M.  Curtis; 
Executive 'Committee,  J.  N.  Lauder,  F.  D.  Adams,  J.  W. 
Marden,  [.  K.  Taylor,  J.  M.  Ford,  A.  M.  Wait.  Albert  Griggs, 
T.  T.  Gordon  ;  Finance  Committee.  James  Smith,  Charles  W. 
Sherburne,  A.  G.  Barber,  Isaac  N.  Keith,  Robert  lohnson, 
Joel  H.  Hills,  Daniel  S.  Page. 


The  routine  business  being  completed,  the  subject  for  dis- 
cussion— Lighting  and  Ventilating  Cars  in  Passenger  Service 
— was  taken  up. 

A  communication  from  Mr.  J.  M.  Foster,  describing  his 
system  of  lighting  by  means  of  compressed  gas,  was  read  by 
the  Secretary.  A  recess  of  10  minutes  was  then  taken  to 
enable  the  gentlemen  to  personally  ins[)ect  the  Jullien  system 
of  lighting  by  electricity  from  storage  batteries,  as  exhibited 
on  car  No.  90  of  the  Boston  iS;  Albany  Railroad.  This  system 
is  described  elsewhere. 

After  the  inspection,  Mr.  Fowler  and  Mr.  Reed  explained 
the  system  and  its  workings,  answering  questions  which  were 
asked  in  relation  to  it. 

l:lx-Gov.  Howard,  Superintendent  of  Tests  at  the  Water- 
town  Arsenal,  explained  the  Pintsch  system  of  lighting  with 
gas,  stating  that  22,(joi)  cars  are  thus  lighted,  mostly  in 
Europe. 

Mr.  Thomas  Wise  then  explained  a  system  of  ventilating  by 
means  of  a  fan-blower  run  from  the  car-axle,  and  a  plan  of 
electric  lighting  by  means  of  a  dynamo,  also  run  from  the  car- 
axle. 

President  Lauder  said  he  was  glad  so  much  valuable  infor- 
mation had  been  given  on  the  subject  of  lighting,  and  while 
he  thought  electric  light  was  to  be  the  future  light,  he  said  at 
the  present  time  there  are  no  data  to  show  the  actual  cost,  but 
it  now  looks  as  though  it  is  far  too  heavy  for  most  roads  to 
put  in  operation. 

On  motion  of  Mr.  Marden,  it  was  voted  to  continue  the 
same  subject  for  discussion  at  the  next  meeting.  The  Club 
then  adjourned. 


Master  Car-Builders'  Club. 

The  regular  monthly  meeting  was  held  at  the  rooms,  No. 
113  Liberty  street.  New  York,  on  the  evening  of  March  17, 
Mr.  C    K.  Garey  in  the  chair. 

Mr.  C.  E.  Garey  was  unanimously  chosen  Chairman  of  the 
Club  (in  place  of  the  late  Leander  Garey)  and  returned  thanks 
in  a  brief  speech. 

The  subject — -Car  Heating,  Lighting  and  Ventilation  was 
then  taken  up. 

Mr.  Wood IV  .rd  explained  the  construction  and  operation  of 
the  Sewall  system  of  heating  trains  by  steam  from  the  locomo- 
tive, and  also  gave  some  notes  of  the  results  obtained  on  the 
Maine  Central  road.  He  said  that  the  company  was  fitting  up 
two  trains  for  the  Fitchburg  road,  one  for  the  Michigan  Central 
and  one  for  the  New  York  &  New  England.  The  present 
cost  is  about  $300  per  car. 

The  Frost  heater,  which  is  so  arranged  that  in  case  of  any 
disturbance  of  equilibrium  the  fire  drops  into  a  tank  full 
of  water,  was  then  shown,  the  inventor  giving  a  practical  dem- 
onstration by  upsetting  his  heater,  the  result  being  a  general 
wetting  of  feet  and  much  sneezing  as  smoke  and  gas  filled  the 
room. 

The  Condon  heater  was  then  shown,  the  safety  claimed  in 
this  case  being  due  to  careful  construction,  double  doors,  etc. 

President  Ladder,  of  the  New  England  Club,  being  in  the 
room,  was  called  for  and  made  a  brief  address,  in  which  he 
urged  the  necessity  of  work  to  keep  up  the  standard  of  the 
Club.  Mr.  Lauder  also  spoke  at  some  length  on  the  question 
of  heating.  He  said  that  there  was  a  demand  for  systems  of 
continuous  heating,  and  urged  the  importance  of  adopting 
some  uniform  system  of  coupling  for  the  steam  pipes  on  the 
cars.  He  further  spoke  of  the  uselessness  of  applying  safety 
systems  to  the  passenger  cars  and  leaving  an  oW  cast-iron 
stove  in  the  baggage  car,  where  it  was  peculiarly  subject  to 
accident. 

Mr.  M.  Hurley,  of  Quebec,  then  made  an  address  in  which 
he  claimed  to  be  the  fiirst  inventorof  a  system  of  steam  healing. 

The  Plass  system  of  heating  by  gasoline  was  then  explained. 
To  this,  the  objection  was  urged  that  gasoline  was  extremely 
dangerous  to  store  or  carry  in  quantities 

The  Pennock  system  of  electric  lighting  was  then  explained. 
In  this,  a  storage  battery  isused.  the  battery  intended  to  supply 
to  lights  of  locandle  power  weighing  almut  1,000  lbs.,  and 
needing  recharging  once  a  week.  This  system  is  to  be  tried 
on  the  Baltimore  &  Ohio,  the  Delaware  &  Hudson,  the  New 
York  Central  and  the  Manhattan  Elevated  lines. 

Mr.  Lauder  spoke  of  the  |ullien  system  of  electric  lighting, 
now  on  trial  on  the  Boston  &  Albany  road  ;  in  this,  the  battery 
weighs  i.Soo  lbs. 

Owing  to  ihc  lateness  of  the  hour  the  discussion  was  closed, 
and  the  meeting  adjourned. 

At  the  April  meeting  the  subject  for  discussion  will  be  the 
same— Heating,  Lighting  and  Ventilating  Passenger  Cars. 
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bell  Breckenridge  is  Division  Engineer  of  tlie  new- 
Tennessee  Midland  road. 

Mr.  C.  C.  Chandler  has  been  appointed  Chief  Engineer 
of  ihe  Ohio  &  Mississippi  road. 

Captain  John  A.  Kress  has  lieen  promoted  to  be  Major  of 
Ordnance  in  place  of  Parker,  promoted 

Mr,  J.  W.  Robinette  has  been  appointed  Chief  Engineer 
of  the  Elizabeth  &  Hodgensville  Railroad. 

Mr.  James  J.  Todd  has  been  appointed  Assistant  Road- 
master  of  the  New  London  Nfirthern   Railroad. 

Lieutenant  F.  P,  Gilmore,  U,  S,  N.,  has  been  ordered  to 
duty  as  Inspector  of  steel  fur  the  new  cruisers. 

Mr.  H.  Pierce  is  appointed  l^ngineer  of  Maintenance  of 
Way  of  the  Cincinnati,  nllton  and  Dayton  road. 

Mr.  Stacy  B.  Opdyke  as  resigned  his  position  as  Super- 
intendent of  the  New  Haven  &  Northampton  Railroad. 

Mr.  C.  S.  Dwight,  of  Winnsboro,  S.  C,  is  Division  En- 
gineer on  the  New  rrtorgia,  Carolina  &  Northern  road. 

Lieutenant  Charles  L.  Potter  has  been  transferred  to  the 
Corps  of  Engineers  in  place  of  C.  F.  Gillette,  promoted. 

Mr.  W.  Bell  Dawson  has  been  appointed  .'Assistant  City 
Engineer  of  Toronto,  Ont.,  by  the  Board  of  Public  Works. 

Mr.  W.  McLeod  has  been  appointed  General  Roadmaster, 
with  charge  of  the  Kansas  divisiims  of  the  Missouri  Pacific. 

Mr.  E.  Holbrook  has  resigned  his  position  as  Division 
Superintendent  on  the  New  York  &  New  England  Railroad. 

Major  Francis   H.   Parker  has  been    promoted  to  be  Lieu- 
tenant C'llonel  of  Ordnance  in  place  of  Whittemore,  promoted. 
Mr.  Lyman  Anderson   is   Engineer  in    charge  of   the  con- 
struction of  new  and  extensive  iron-pi])e  works  at  Birmingham, 
Ala. 

Lieutenant  Colonel  James  M.  Whittemore  has  been  pro- 
moted to  be  Colonel  of  Ordnance  in  place  (if  McAllister,  de- 
ceased. 

Mr.  W.  B  Ruggles,  Chief  Engineer  of  the  Ohio  &  Mis- 
sissippi Railway,  has  resigned  that  position,  dating  from 
March  i. 

Mr.  J.  F.  Morrison,  of  Athens,  Ga.,  has  been  appointed 
Chief  Engineer  of  the  projected  Georgia,  Carolina  &  Northern 
Railroad. 

Mr.  James  Harrington  has  been  appointed  Chief  Engineer 
of  the  Cleveland,  .'Kkron  &  Columbus  road,  with  office  at 
Akron,  Ohio. 

Mr.  L.  O.  Gassett  has  resigned  his  position  as  Master 
Mechanic-  of  the  Erie  Division  ol  the  Lake  Shore  &  Michigan 
Soulhern  roid. 

Mr.  John  P.  Ray,  for  some  years  General  Foreman  of  the 
Union  Pacific  shops  at  Omaha,  has  resigned  and  will  go  into 
other  business. 

Mr.  William  Patterson  has  been  appointed  Master  Car 
Builder  of  the  Minnesota  &  Northwestern  road,  with  office  in 
St.  Paul,  Minn. 

Mr.  C.  H.  Blakesley  has  resigned  his  position  as  Master  1 
Mechanic  and  Assistant  Superintendent  of  the  Western  Rail- 
road of  Florida. 

Mr.  L.  F.  Wakefield  has  been  appointed  Chief  Engineer 
of  the  projected  Sioux  City  &  Northeastern  road,  with  office  at 
Sioux  City,  Iowa. 

Mr.  C.  K.  Lawrence  has  been  appointed  Engineer  of 
Maintenance  of  Way  of  the  St.  Paul,  Minneapolis  &  Manitoba 
road,  with  office  in  St.  Paul. 

Mr.  C.  J.  Bechdolt  has  been  appointed  Assistant  Engineer 
of  the  Middle  Division  of  the  Pennsylvania  Railroad  in  place 
of  C.  R.  Lawrence,  resigned. 

Mr.  Edward  Barrington  has  been  appointed  Chief  Engi- 
neer of  the  Wichita,  Cedarvale  &  Southeastern,  a  road  in  Kan- 
sas.     His  office  is  at  Wichita, 

Mr.  D.  Horrie  has  been  appointed  Superintendent  of 
Bridges  of  the  Milwaukee,  Lake  Shore  &  Western  road,  with 
headquarters  at  Kaukauna,   Wis. 

Mr.  J.  S.  Graham  has  been  appointed  Master  Mechanic  of 
the  Erie  Division  of  the  Lake  Shore  &  Michigan  Southern  road 
in  place  of  L.  O.  Gassett,  resigned. 

Mr.  Alexander  Abend  has  been  appointed  Division  En- 
gineer on  the  new  Tennessee  Midland  road,  and  will  be  lo- 
cated for  the  present  at  Knoxville,  Tenn.  He  has  been  for 
some  time  Engineer  of  the  Belleville  (111.)  Water  Works. 


Mr.  Emil  Swensson,  formerly  Assistant  Engineer  of  the 
Siiuth  Pennsylvania  Railroad,  is  now  in  the  office  of  the  Phirnix 
Bridge  Company  at  Phoenixville,  Pa. 

Mr.  T.  Hartman  has  resigned  his  position  as  Assistant  to 
the  President  of  the  .Memphis  &  Little  Rock  road,  and  will  go 
into  business  as  a  railroad  contractor. 

Mr.  John  Duffy  has  been  appointed  Master  Mechanic  of 
the  Toledo,  Columbus  \-  Southern  Railroad,  with  office  at  To- 
ledo, O.,  succeeding  Mr.  H.  S.  Herrick. 

Mr.  Marriott  C.  Smyth  has  resigned  his  position  as  Secre- 
tary and  Treasurer  of  the  Midvale  Steel  Works  in  Philadelphia 
after  20  years' service  with  the  company. 

Mr.  J.  H.  Burnett  has  been  appointed  Master  Mechanic 
of  the  Jacksonville,  Tampa  &  Key  West  Road.  He  was 
recently  on  the  Louisville  &  Nashville  road. 

Mr.  J.  S.  Ward  has  been  appointed  Engineer  of  the  North 
Penn  .S;  Hound  Brook  Division  of  the  Philadelphia  &  Reading 
Railrciad  in  place  of  .Mr.  E.  Chamberlain,  resigned. 

Mr.  E.  J.  Roberts  has  been  appointed  Chief  Engineer  in 
charge  of  the  St.  Paul,  Minneapolis  &  Manitoba  Extension 
into  Montana,  whicli  is  to  be  built  during  the  present  year. 

Mr.  H,  Spidel,  of  Rock  Island.  III.,  has  been  appointed 
Chief  Engineer  of  the  Memphis,  Trinidad  &  Pueblo,  a  pro- 
jected road,  and  will  have  his  headquarters  at  Greensburg, 
Kansas. 

Mayor  Smith,  of  St.  Paul,  Minn.,  has  appointed  the  follow- 
ing to  be  members  of  the  New  Board  of  Public  Works  :  John 
C  Ouimby,  Richard  L.  Gorman.  William  Barrett  and  Edward 
C.  Starkey. 

Mr.  Samuel  Oakley  has  been  appointed  General  Car 
Foreman  of  the  St.  Paul,  Minneapolis  \-  Manitoba  road,  with 
office  at  St.  Paul,  Minn.  He  was  recently  on  the  Canadian 
Pacific  road. 

Mr.  Charles  O.  Haines  has  been  appointed  Superintend- 
ent of  the  new  Savannah  &  Tybee  Railroad.  He  is  a  son  of 
Mr.  H.  S  Haines,  General  Manager  of  the  Savannah,  Florida 
&  Western  r..ad. 

Col.  George  E.  Waring  has  been  appointed  Consulting 
Engineer  to  the  city  of  San  Diego,  Cal.  His  plans  for  the 
sewer  system  of  the  city  have  been  adopted  with  some  slight 
modifications  as  to  the  outlet. 

Mr,  S.  M.  Rowe  has  been  appointed  Resident  Engineer  of 
the  Atlantic  &  Pacific  Railroad,  with  headquarters  of  Albu- 
querque, N.  M.  He  will  have  charge  of  inaintenance  of  way, 
bridges,  buildings  and  water  service. 

Mr.  E.  J.  Blake  has  been  appointed  Chief  Engineer  of  the 
Hannibal  cS:  St.  Joseph  and  the  Kansas  City,  St.  Joseph  & 
Council  Bluffs  railroads  in  place  of  Mr.  C.  C.  Chandler,  who 
goes  to  the  Ohio  &  Mississippi  road. 

Mr.  Charles  Howard  has  been  appointed  Superintendent 
of  the  Providence  &  Worccsier  Railroad,  in  place  of  W.  E. 
Chamberlain,  resigned.  Mr.  Howard  was  recently  on  the 
Worcester  Division  ol  the  Fitchburg  road. 

Mr.  William  E.  Chamberlain  has  resigned  his  position  as 
Superintendent  of  the  Providence  iS:  Worcester  Railroad.  He 
has  been  on  that  road  for  some  10  vears,  and  was  previously 
Master  Car-Builder  of  the  Boston  &  .Albany. 

Mr.  Axel  S.  Vogt  has  been  appointed  Mechanical  Engineer 
of  the  Pennsylvania  Railioad  in  place  of  Mr.  John  W.  Cloud, 
who  has  gone  to  the  New  York,  Lake  Erie  &  Western  road. 
Mr.  Vogt  has  lieen  with  the  company  for  some  time. 

Mr.  George  H.  Watrous  has  resigned  his  position  as  Presi- 
dent of  the  New  York,  New  Haven  >>i:  Hartford  Railroad  Com- 
pany. He  has  held  the  office  since  iSyg,  and  was  previously 
Counsel  of  the  company.  He  retires  on  account  of  ill  health. 
Mr.  James  C.  Bayles  has  been  appointed  President  of  the 
New  York  Board  of  Health  by  Mayor  Hewitt  in  place  of  Gen. 
Shaler,  removed  Mr.  Bavles'is  Editor  of  the  Iron  As;,-,  and  is 
well  known  as  a  writer  of  ability  on  sanitary  and  construction 
topics. 

Mr.  John  Robinson  has  been  appointed  Master  Mechanic 
of  the  Buffalo  Division  of  the  Lake  Shore  X  Michigan  Southern 
road  in  place  of  J.  S.  Graham,  transferred  to  the  Erie  Division. 
Mr.  Robinson  has  been  for  some  time  Foreman  of  the  Engine- 
eouse  at  Elkhart. 

Mr.  John  E.  Fry,  formerly  Manager  of  the  Bessemer 
Steel  Department  of  the  Cambria  Iron  Company,  and  recently 
Superintendent  of  the  St.  Louis  Ore  &  Steel  Company,  has 
been  appointed  Manager  of  the  Wheeling  Steel  Works  at  Ben- 
wood,  W.  Va.  These  works  wen-  built  to  make  Bessemer 
steel  for  several  companies  in  Wheeling. 


Vol.  LXI,  Nu.  4. J 


ENGINEERING   JOURNAL. 


190 


Mr.    C.  A.    Thompson   has  been   appointed   General    In- 
spector ot  Moiive  Power  and    Equipment  of  the  Philadelphia 
&  Reading  Railroad,  and  will  have  his  headquarters  at  Read- 
ing, Pa.     Mr.  Thompson  was  recently  Master  Mechanic  of  the    i 
Long  Island  Railroad. 

General  William  J.  Sewell,  the  retiring  Senator  from 
New  Jersey,  who  was  an  unsuccessful  candidate  for  re-elec- 
tion, was  for  a  number  of  years  Superintendent  of  the  West 
Jersey  road.  For  several  years  past  he  has  been  Vice-Presi- 
dent of  the  Company. 

Mr.  L.  Redfield  has  taken  charge  of  IVood  and  Iron,  pul)- 
lished  at  Minneapolis,  Minn.,  in  place  of  Mr,  W.  R.  Gregory. 
Mr.  Gregory  has  sold  his  interest  in  the  paper  to  some  Minne- 
apolis gentlemen,  who  will  put  new  capital  into  the  paper,  and 
make  many  improvements. 

Mr.  James  Arkell,  of  Canajoharie,  has  been  nominated 
by  the  Governor  of  New  York  as  Railroad  Commissioner,  in 
place  of  John  O'Donnell,  whose  term  has  expired.  Mr.  Arkell 
was  not  confirmed  by  the  Senate  and  his  nomination  was  with- 
drawn. 

Mr.  William  O.  Seymour  has  been  appointed  Railroad 
Commissioner  by  the  Governor  of  Connecticut,  in  place  of 
Mr.  John  W.  Bacon,  whose  term  has  expired.  Mr.  Seymour  is  a 
civil  engineer,  and  was  for  nine  vears  Chief  Engineer  of  the 
New  York,  New  Haven  &  Hartford  road. 

Mr:  S.  Wright  Dunning,  for  many  years  Editor  of  the 
Railroad  Gazette,  has  met  with  a  double  bereavement  in  the 
death  of  his  father,  Josiah  D.  Dunning,  and  his  mother.  Both 
died  on  the  same  day  and  within  two  hours,  at  their  home  m 
Aurora,  111..  March  i  last.     Both  were  S4  years  old. 

Capt.  Chas.  W.  Rogers,  First  Vice-President  of  the  St. 
Louis  &  San  Francisco  road,  died  at  Pasadena,  Cal.,  Feb.  21, 
after  a  long  illness.  He  was  52  years  old  and  had  been  con- 
nected with  the  road  15  years,  serving  successively  as  Pur- 
chasing Agent,  General  Superintendent,  General  Manager  and 
Vice-President. 

Mr.  Charles  P.  Clark  has  been  chosen  President  of  the  New 
York,  New  Haven  &  Hartford  Railroad  Company.  Me  has 
been  a  director  of  the  company  for  several  years,  and  was  Sec- 
ond Vice-President  for  a  year.  He  is  best  known  from  his 
service  as  President  and  Receiver  of  the  New  York  &  New 
England  Railroad  Company. 

Col.  A.  S.  Buford,  for  a  long  time  President  of  the  Rich- 
mond &  Danville  Railroad  Company,  is  now  President  of  the 
Virginia  Western  and  the  Tennessee  Midland,  two  companies 
organized  to  build  a  railroad  from  Memphis,  Tenn.,  to  a  con- 
nection with  the  Shenandoah  Valley  and  the  Richmond  & 
Allegheny  in  the  valley  of  Virginia. 

Mr.  Rufus  Blodgett,  who  has  been  elected  United  States 
Senator  from  New  Jersey,  was  for  a  number  of  years  Master 
Mechanic  of  the  New  Jersey  Southern  road,  and  afterwards 
Superintendent  of  the  same  line.  For  two  years  past  he  has 
been  Superintendent  of  the  New  York  &  Long  Branch  road. 
Mr.  Blodgett  has  served  several  terms  in  the  State  Legisla- 
ture. 

Mr.  George  H.  Griggs  is  appointed  Master  Mechanic  of 
the  Central  Railroad  of  New  Jersey,  with  ofEce  at  Elizabeth- 
port,  N.  J.,  in  place  of  the  late  William  Woodcock.  Mr. 
Griggs  was  for  a  number  of  years  at  Hornellsville,  N.  Y.,  in 
charge  of  the  Western  and  Buffalo  divisions  of  the  Erie  road. 
For  several  years  past  he  has  been  Master  Mechanic  of  the 
New  York,  Providence  &  Boston  road. 

Professor  Arthur  T.  Hadley,  who  has  for  two  years  past 
filled  the  office  of  Commissioner  of  Labor  Statistics  of  Con- 
necticut in  a  very  efficient  manner,  has  retired  from  that  office, 
the  present  Governor  of  the  State  having  appointed  as  his 
successor  Mr.  Samuel  N.  Hotchkiss.  The  new  Commissioner 
lacks  Prof.  Hadley's  special  qualifications  for  the  oHice,  and 
has  been  appointed,  apparently,  for  political  reasons  only. 

Mr.  Michael  J.  Rickard,  of  Utica,  has  been  nominated  by 
Governor  Hill,  of  New  York,  for  Railroad  Commissioner  in 
place  of  John  O'Donnell,  whose  term  has  expired.  The  Gov- 
ernor has  withdrawn  his  previous  nomination  of  Mr.  James 
Arkell.  Mr.  Rickard  is  a  locomotive  engineer  on  the  New 
York  Central  and  a  member  of  the  Brotherhood  of  Locomotive 
Engineers.  His  nomination  has  not  yet  been  confirmed  by  the 
Senate. 

Mr.  James  D.  Layng  has  been  chosen  President  of  the 
Cleveland,  Columbus,  Cincinnati  &  Indianapolis  Company. 
He  was  for  a  number  of  years  on  the  Pittsburgh,  Fort  Wayne 
&  Chicago.  From  that  road  he  went  to  the  Chicago  & 
Northwestern  as  General  Superintendent.  He  left  the  North- 
western   to    become    General    Superintendent    of    the    West 


Shore,  and  afterwards  succeeded  Mr.  Charles  Paine  as  Gene- 
ral Manager  of  that  road. 

Colonel  Henry  G.  Prout  has  been  added  to  the  staff  of  the 
Railroad  Gazelle,  and  will  be  Managing  Editor  of  that  paper. 
Colonel  Prout  is  a  civil  engineer  by  education  ;  he  was  for  sev- 
eral years  in  the  service  of  the  Khedive  of  Eeypt,  rising  to  the 
rank  of  Colonel  in  the  I'.gyptian  army.  He  has  for  some  time 
past  had  charge  of  theyo«r»r7/ of  the  .\ssociation  of  Engineer- 
ing Societies,  and  has  had  other  practical  experience  which 
well  fits  him  for  his  new  position. 

General  Louis  Wagner  has  been  appointed  Director  of 
Public  Works  of  Philadelphia.  Under  the  new  charter  of  the 
city  this  oflicer  has  sole  charge  of  the  streets,  sewerage,  water- 
works, gas-works,  and  other  departments,  and  is  responsible 
directly  10  the  Mayor,  by  whom  he  is  appointed.  General 
Wagner  has  had  much  cx])erienre  in  city  offices  and  public 
works,  but  is  not,  we  believe,  an  engineer  by  training.  The 
appointment  seems  to  meet  with  local  approval. 

Shunk  &  Bryson  is  the  title  of  a  new  firm  of  civil  en- 
gineers just  formed,  whose  office  is  established  at  No.  I 
Broadway,  New  York.  The  specialties  of  the  firm  will  be 
surface  and  elevated  railroads,  reports  on  projected  enter- 
prises, the  conduct  of  surveys,  location  and  economical  build- 
ing of  roads,  preparation  of  plans  and  estimates,  and  superin- 
tendence of  construction.  They  will  also  prepare  plans  for 
sewerage  and  water  supply,  grading  streets,  etc.,  and  for 
bridges  and  buildings,  and  do  a  general  consulting  business. 

Mr.  William  F.  Shunk,  the  senior  partner,  has  had  a  wide 
experience,  and  is  well  known  both  in  active  service,  as  en- 
gineer in  charge  of  the  construction  of  railroads  and  other 
works,  and  as  a  writer  on  engineering  topics.  He  was  Chief 
Engineer  in  charge  of  the  construction  ol  the  Metropolitan 
Elevated  Railroad  in  New  York,  and  more  recently  Associate 
Chief  Engineer  of  the  South  Pennsylvania  Railroad. 

Mr.  .\ndrew  Bryson  has  also  had  much  experience  in  rail- 
road and  other  work.  He  was  Chief  Engineer  of  the  Hart- 
ford &  Harlem  road,  and  more  recently  Engineer  in  charge 
of  the  construction  of  the  Kings  County  Elevated  road  in 
Brooklyn. 

NOTES   AND    NEWS. 

German  Iron  Production. — The  total  production  of  pig- 
iron  in  Germany  in  18S6  was  3.339.8<J3  tons,  against  3.751.775 
tons  in  1SS5  ;  a  decrease  of  411,972  tons,  or  11  per  cent. 

Prices  of  Cars.— At  a  recent  letting  by  the  Texas  &  Pacific 
contracts  for  a  large  number  of  freight  cars  were  given  out  at 
the  followingprices.  Flat  and  gondola  cars,  $320  to $350;  stock 
cars,  1^75  ;    box  cars  ^47;  to  .•Jsooeach. 

Electric  Elevators. — The  Sprague  Electric  Railway  & 
Motor  Company,  it  is  said,  is  running  13  elevators  in  Boston, 
both  freight  and  passenger.  One  of  the  freight  elevators  is 
the  largest  in  the  city.  They  also  have  50  other  motors  in 
operation. 

Hudson  River  Tunnel. — The  New  Jersey  end  of  the  in- 
complete tunnel  under  the  Hudson  River  was  pumped  clear  of 
water  some  time  ago,  and  arrangements  are  in  progress  to  re- 
sume work.  How  soon  this  is  done,  or  whether  it  is  done  at 
all,  depends  upon  whether  the  money  can  be  raised. 

Triple  Expansion  Engines  on  Lake  Steamers. — The 
Cleveland  Shipbuilding  Company  has  let  contracts  for  the 
engines  of  a  new  lake  steamer  which  it  is  now  building.  The 
engine  is  of  the  triple-expansion  class,  the  cylinders  being  24, 
3S  and  61  in.  diameter  and  42  in.  stroke. 

A  New  Iron  Vessel. — At  the  yard  of  the  Harlan  &  Hollings- 
worth  Company  in  Wilmington,  Del.,  on  March  21.  the  new 
iron  steamer  George  was  launched.  The  vessel  is  280  ft.  long 
between  perpendiculars.  292  ft.  over  all,  40  ft.  beam  and  11% 
ft.  depth  of  hold  ;  it  is  to  run  on  the  Bay  Line  between  Balti- 
more and  Norfolk. 

Repaying  New  York  Streets. — A  movement  is  on  foot, 
it  is  said,  to  repave  a  large  number  of  the  streets  of  New  York. 
This  work  is  certainly  much  needed.  The  persons  who  are 
urging  it  believe  that  the  present  is  a  good  time  to  undertake 
it,  especially  as  the  department  of  Public  Works  is  now  under 
so  able  a  head  as  Gen.   Newton. 

Arthur  Kill  Bridge. —  The  Secretary  of  War  has  authorized 
the  building  of  the  bridge  over  the  Arthur  Kill  on  the  Balti- 
more i^c  Ohio  line  to  Staten  Island,  on  the  original  plan,  subject 
to  the  requirements  of  the  rule  laid  down  by  the  War  Depart- 
ment in  July,  1S86.  The  bridge,  according  to  the  plan,  will 
have  four  fixed  spans  and  a  draw-span. 

Alabama  School  of  Mines. — The  Board  of  Trustees  of  the 
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University  of  Alabama  have  decided  to  establish  a  school  of 
mines  in  connection  with  the  University.  A  full  course  of 
instruction  in  mining  and  metallurgy  will  be  arranged.  This 
action  is  particularly  appropriate  in  Alabama,  whose  mineral 
resources  are  great  and  are  just  beginning  to  be  developed. 

Wrought-Iron  Car  Wheel-Centers.— The  Secretary  of  the 
Treasury  has  decided  that  car-wheel  centers,  consisting  of  iron 
forgings  which  have  been  advanced  by  other  processes  of 
manufacture — bored  out  for  the  a.\le,  hubs  faced,  rims  turned 
and  finished,  with  a  flange  or  rim  bolted  on  to  prevent  slip- 
ping of  tires— but  not  completed  by  putting  on  the  tires,  are 
subject  to  duty  at  the  rate  of  45  per  cent,  ad  valorem. 

A  Large  Bronze  Casting. — The  Henry  Bonnard  Bronze 
Company  in  New  York  recently  made  what,  it  is  claimed,  is 
the  largest  bronze  casting  ever  made  in  America.  The  cast- 
ing is  part  of  an  eijuestrian  statue  of  General  Meade,  for 
Philadelphia.  In'making  it  7,500  lbs.  of  metal  were  used,  the 
composition  being  90  parts  copper  and  10  parts  tin.  The 
statue  when  finished  will  be  16  ft.  high,  and  weigh  about 
10,000  lbs.  in  all. 

Railroad  Bridges  in  Massachusetts. — The  Massachusetts 
Railroad  Commission  on  March  21  sent  out  the  following 
circular:  "To  the  Managers  of  the  Several  Railroads  in  Mas- 
sachusetts :  You  are  requested  to  send  to  this  office,  at  the 
earliest  practical  moment,  the  strain  sheets  and  records  of  the 
first  and  latest  tests  of  all  the  bridges  on  the  roads  oper- 
ated by  you.  State  also  whether  any  parts  of  said  bridges 
which  are  essential  to  safety  are  so  covered  as  to  be  concealed 
from  inspection.      Describe  also  the  style  of  flooring." 

Mineral  Products  of  Ohio.— Mr.  Thomas  B.  Bancroft, 
Chief  Inspector  of  Mines  of  Ohio,  makes  the  following  state- 
ment of  the  products  of  that  State  for  1886. 

Coal,  tons 8,435,211 

Iron  ore,  tons 344.484 

Limestone,  tons <525,35o 

The  limestone  is  only  that  used  for  flux  in  smelting  iron  or 
burned  for  lime,  the  large  quantity  quarried  for  building  and 
paving  purposes  not  being  included.  Coal  was  mined  in  28 
counties  and  iron  ore  in  14  counties. 

Old  Bridges  and  Modern  Engines. — The  Maine  Railroad 
Commissioners  in  their  last  report  call  attention  to  the  fact 
,that  on  the  railroads  of  that  State  there  are  many  bridges 
which,  while  they  may  have  been  well  designed  in  the  first 
place  and  well  taken  care  of  since,  were  yet  intended  for  loco- 
motives very  much  lighter  than  those  in  general  use  at  the  pres- 
ent time.  Whether  these  bridges  are  safe  under  the  rolling 
stock  now  in  use,  and  whether  they  are  not  overloaded  and 
subject  to  failure  at  any  time,  are  serious  questions,  the  Com- 
missioners think,  and  should  be  carefully  considered. 

Rapid  Transit  in  New  York.— Mayor  Hewitt,  of  New 
York,  has  appointed  Messrs.  .lackson  S.  Shultz,  H.  K.  Thur- 
ber,  Walter  Stanton,  E.  EUery  Anderson  and  William  E. 
Worthen,  C.  E.,  Rapid  Transit  Commissioners  to  lay  out 
routes  for  steam-railroad  connections  between  the  elevated 
roads  and  the  ferries,  south  of  Fourteenth  Street.  The  plan  pro- 
posed by  the  Manhattan  Company  is  for  a  line  along  the  North 
River  front  from  the  Bittery  to  Christopher  street,  connecting 
with  the  Sixth  Avenue  line  on  the  west  side,  and  a  loop  from 
the  Third  .\venue  line  along  the  East  River  from  Chatham 
Square  to  the  Battery. 

Blast  Furnaces  of  the  United  States. — The  Iron  Age  re- 
ports the  number  of  furnaces  in  blast  on  March  i  as  follows: 
Fuel.  No.  Weekly 

capacity. 

.Anthracite 141  43.724 

Bituminous h6  79.682 

Charcoal 5'  9.S46 

Total 338  132.952 

As  compared  with  January  i,  there  was  an  increase  of  11 
anthracite  and  9  bituminous  furnaces  in  blast,  with  no  change 
in  the  charcoal  furnaces. 

Bessemer  Steel  Production  in  England. — The  British 
Iron  Trade  Association  reports  the  t«tal  production  of  Besse- 
mer steel  ingots  in  Great  Britain  in  18S6  at  1,570,520  tons,  an 
increase  of  20>^  per  cent,  over  1S85. 

Of  the  production  last  year  730,343  tons,  or  about  46  per 
cent.,  were  converted  into  steel  rails.  The  increase  in  rail 
production  over  1885  was  small,  being  only  33^  per  cent. 

Of  the  total  output  of  Bessemer  steel  ingots  723,337  tons 
were  made  in  the  first  half  of  the  year,  and  837,183  tons  in  the 
second  half,  showing  an  increase  in  activity  which  continued 
up  to  the  close  of  the  year. 

A  Fast  Yacht.— The  Herreshoffs,  at  Bristol,  R.  I.,  have 
contracted  to  build,  for  a  New  York  gentleman,  a  steam-yacht, 
which  is  to  make  greater  speed  than  any  heretofore  built.  She 


will  be  100  ft.  long,  and  in  general  dimensions  about  the  same 
as  the  Stiletto,  built  last  year  by  the  same  parties. 

The  builders  have  guaranteed  a  rate  of  speed  in  excess 
of  that  of  the  Stiletto,  which  has  attained  26  miles  an 
hour  over  the  measured  mile.  The  yacht  will  be  arranged  for 
comfortable  cruising  as  well  as  immense  rapidity  of  motion. 
Her  engines  will  be  of  the  triple  expansion  type,  thus  differing 
from  those  of  the  Stiletto,  which  have  two  cylinders  only. 
The  work  is  to  be  rushed  so  that  the  new  craft  will  be  ready 
for  service  the  latter  part  of  June. 

Bridge  Contracts. — The  Edgemoor  Iron  Company,  Edge- 
moor,  Del.,  has  taken  the  contract  for  the  superstructure  of 
the  bridge  over  the  Missouri  River,  on  the  Atchison,  Topelca 
&  Santa  Fe  Extension  to  Chicago.  The  bridge  will  have  three 
spans  of  400  ft.  each  over  the  channel,  one  span  of  250  ft., 
one  of  200  ft.,  and  two  of  175  ft.  each.  In  the  approaches  there 
will  be  I, goo  ft.  of  iron  trestle.  There  will  be  no  draw,  the 
bridge  being  95  ft.  above  low  water  in  the  river. 

The  bridge  over  White  River,  at  West  Hartford,  on  the  Cen- 
tral Vermont  road,  which  was  burned  down  in  the  recent  acci- 
dent, will  be  replaced  by  a  riveted  lattice  deck  bridge,  650  ft. 
long,  in  five  spans.  The  Vermont  Construction  Company,  of 
St.  Albans,  will  build  the  bridge. 

A  Large  Anvil  Block. — The  Otis  Iron  K  Steel  Company 
recently  made  a  steel  anvil  block,  which  is  said  to  be  the  largest 
steel  casting  ever  made  in  this  country.  The  block  is  for  a 
steam  hammer  which  the  Morgan  Ii:ngineering  Company  is 
building  for  the  Otis  Company's  works.  It  weighs  68,200  lbs., 
is  8  ft.  square  and  3  ft.  10  in.  high.  The  analysis  in  carbon  is 
0.12  to  0.15.  The  quality  of  the  steel  is  about  the  same  as  that 
of  the  company's  soft  upen-hearth  steel,  no  special  effort  being 
made  to  have  the  metal  free  from  blow-holes.  The  steel  was 
melted  in  two  furnaces,  and  the  total  amount  charged  was 
7S.525  pounds.  The  total  time  of  pouring  the  block,  from  the 
time  the  metal  commenced  to  run  from  the  first  furnace  until 
all  the  metal  was  in  the  mold,  was  4  minutes  and  20  seconds. 
Iron  Forges.— The  Bulletin  of  the  Amerir.in  Iron  &  Steel 
Association  says  :  "The  primitive  manner  of  making  wrought 
iron  from  ore  in  forges,  practiced  chiefly  in  the  Lake  Cham- 
plain  District  of  New  York  and  in  the  mountainous  districts  of 
North  Carolina  and  Tennessee,  is  fast  becoming  a  thing  of 
the  past.  The  quantity  of  iron  made  by  the  New  York  forges 
is  decreasing  yearly.  In  North  Carolina  the  Maiden  Creek 
Forge  has  rotted  down  ;  the  Catawba  Valley  Iron  Works  are 
suspended  ;  Owl  Creek  Forge,  at  Murphy,  Cherokee  county, 
will  make  no  more  blooms,  and  the  owner,  Mercer  Fain,  de- 
sires to  let  the  valuable  ore  and  timber  lands  connected  with 
the  forge.  The  other  forges  in  that  part  of  the  State  are  not 
in  operation.  Very  little  iron  was  made  in  the  Tennessee 
forges  during  1886." 

Georgia  Technological  School. — This  school  is  to  be 
located  in  Atlanta,  instead  of  at  the  State  University  at  Athens, 
the  Commission  having  decided  that  a  city  presents  better 
opportunities  for  technical  instruction. 

The  funds  provided  and  ready  for  the  building  and  its  ap- 
pointments are  as  follows:  From  the  State,  $65,000;  from 
the  city,  $50,000;  from  the  citizens  of  Atlanta,  $20000  ;  total 
$135,000.  The  Institution  will  also  have  an  annuity  of  $25,- 
000,  with  which  Atlanta  has  endowed  it  for  a  period  of  20 
years. 

The  various  details,  including  the  erection  of  the  buildings, 
purchase  of  machinery  and  all  other  appointments,  and  the 
final  selection  of  instructors  will  receive  the  closest  attention 
on  the  part  of  the  Commission,  the  intention  being  to  make 
the  school  one  of  the  best  of  its  kind 

Steel  for  Guns  and  Armor  Plates. — On  March  22,  at  the 
Navy  Department  in  Washington,  the  bids  for  furnishing 
armor  plates  and  heavy  steel  forgings  for  guns  were  opened. 
Five  bids  were  received,  three  for  the  gun  forgings  and  two 
for  the  armor  plates.  The  bids  for  the  gun-steel  (1,310  tons) 
were  as  follows  : 

Midvale  Steel  Works,  Philadelphia $i,3g7,24u 

Bethlehem  Iron  Company,  liclhlehem.  Pa 902,231 

Cambria  Steel  &  Iron  Company,  Johnstown,  Pa 851,514 

For  the  armor  plates  (4,500  tons),  the  bids  were  as  follows  ; 

Bethlehem  Iron  Company,  Bethlehem,  Pa $3,610,708 

Cleveland  Rolling  Mill  Company,  Cleveland,  O 4.021,560 

The  liethlehem  Iron  Company  offers  to  have  its  forging 
plant  completed  in  15  months,  or  half  the  time  required  by  the 
Department.  The  contracts  have  not  yet  been  awarded,  and 
the  decision  will  probably  not  be  made  public  until  the  middle 
of  April. 

The  Berdan  Torpedo  Boat.— Gen.  Berdan  recently  ex- 
hibited in  Washington  a  working  model  of  his  torpedo  boat, 
which  is  intended  to  do  effective  service  in   cases  where  other 
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forms  of  torpedo  have  failed — that  is,  where  the  craft  attacked 
is  protected  by  a  network  of  chain  suspended  beyond  the  hull 
by  spars.  The  model  is  that  of  a  vessel  150  ft.  in  length,  20 
It.  in  breadth  and  16  ft.  in  depth,  and  intended  to  attain  a 
speed  of  24^  knots  an  hour.  The  novel  feature  of  the  craft 
Consists  of  a  pair  of  brass  lubes  arranged  vertically  on  the 
sides  and  opening  downward,  capable  of  tiring  torpedoes  con- 
taining 200  lbs.  of  dynamite  or  other  high  explosives.  These 
torpedoes  are  connected  with  a  cross-piece  on  the  bow  by 
stoui  steel  cables.  When  the  projecting  spar,  corresponding 
to  an  ordinary  bowsprit  in  appearance,  comes  in  contact  with 
Ilie  hull  of  tiie  vessel  attacked,  it  automatically  reverses  the 
engine  and  fires  the  loo-lb.  charges  of  rocket  powder  in  the 
torpedo  cases.  The  torpedoes  are  driven  downward,  but 
vieKling  to  the  direction  imparted  by  the  cables,  swing  around 
under  the  protective  netting  and  strike  beneath  the  keel  of  the 
attacked  vessel,  exploding  their  charges  by  percussion  directly 
under  its  bntom. 

Shipbuilding  in  Great  Britain.— The  number  of  new  ves- 
sels built  in  Great  Britain  in  1S86  and  registered  there  was 
as  follows  : 

, Steam ,      , Sail ,       . Total , 

No.       Tons.        No.     Tons.         No.       Tons. 

Sleel 124        162,073        31        301S88        155        192,661 

Iron 119  8z,2oi        55        97,713        174        179.9M 

Wood 30  1,467      229        14,411       259         15,878 

Total 273        245,741      31S      142,712        s8S        .188,453 

The  wooden  vessels,  it  will  be  seen,  were  generally  of  small 
size,  aver.iging  only  a  little  over  60  tons  each. 

The  total  tonnage  of  vessels  built  as  reported  to  the  British 
Iron  Trade  Association,  was  481,233  tons.  The  difference 
between  this  and  the  statement  given  above  is  accounted  for 
by  the  fact  that  .So, 701  tons  were  built  for  foreign  account, 
and  not  registered  in  Great  Britain,  while  several  vessels 
launched  near  the  close  of  the  year  were  not  registered  until 
18S7.  The  total  tonnage  built  shows  a  decrease  of  11  per 
cent,  from  18S5. 

The  total  number  of  steel  vessels  built  in  1SS6  for  home 
and  foreign  account  was  2ig,  with  a  total  tonnage  of  265,460  ; 
an  average  of  1,213  'ons  per  vessel. 

Plans  for  Car  Heating  Wanted  — The  Acting  Secretary 
of  the  Treasury  has  issued  the  following  circular  "  to  whom 
it  may  concern:" 

"  Congress  (House  of  Representatives)  having,  on  Jan.  21 
last,  by  resolution,  requested  the  Secretary  of  the  Treasury  to 
make  inquiries  of  constructors  of  passenger  cars  and  of  steam- 
boats, and  of  other  persons  capable  of  giving  useful  information 
as  to  the  best  methods  of  building  railroad  cars  and  heating 
the  same,  and  constructing  steam  vessels  so  as  to  prevent 
loss  of  property  and  life  by  fire,  the  Department  takes  this 
method  of  inviting  correspondence  upon  the  subject  matter 
of  the  resolution  referred  to.  Parties  offering  suggestions 
are  requested  to  send  with  them  sketches  or  drawings  of  their 
designs  when  practicable. 

"All  communications  upon  the  subjects  referred  to  herein 
should  be  addressed  to  the  Secretary  of  the  Treasury,  Wash- 
ington, D.  C,  also  indorsing  upon  the  outside  '  Plans  for  heat- 
ing railroad  cars,  etc  ' 

"  Communications  received  after  Nov.  i,  proximo,  will  not  be 
guaranteed  consideration,  as  a  report  will  have  to  be  made  to 
Congress  at  the  commencement  of  the  session  in  December." 

Iron  Ore  Supply. — Major  John  W.  Powell,  Director  of  the 
United  States  Geological  Survey,  has  furnished  the  following 
for  publication  : 

"  The  great  increase  in  the  production  of  pig-iron,  from  4,- 
529,869  short  tons  in  1885,105,600,000  short  tons  during  the 
year  18S6,  has  led  to  much  inquiry  as  to  the  source  of  the  ores 
which  made  this  increase  possible,  for  it  is  a  well-known  fact 
that  even  the  ordinary  production  is  a  drain  upon  the  ore  de- 
posits sufficient  to  e.xhaustthe  present  sources  of  actual  supply 
in  a  short  period — perhaps  in  30  years,  more  probably  in 
much  less  time.  The  Government  has  given  sufficient  atten- 
tion to  the  general  geology  of  the  country,  however,  to  afford  a 
good  grasp  on  the  distribution  of  the  iron  ores,  and  the  geo- 
logists have  also  defined  the  character  of  the  ores  so  well  as  to 
direct  the  explorers  accurately  to  the  profitable  fields.  The 
statement  was  made  last  year  by  me  that  within  30  years  the 
necessary  exploration  for  new  iron-ore  mines  would  exceed 
that  ol  Great  Britain,  where  every  available  deposit  is  being 
traced  to  the  farthest  extent.  The  years  18S5  and  1S86  have 
shown  the  justice  of  this  prediction  in  the  development  of 
new  fields  to  support  the  increased  production.  The  new 
Gogebic  District,  which  produced  1,022  tons  in  1884, increased  to 
111,661  tons  in  18S5,  and  increased  this  fourfold  in  1886,  has 
been  the  scene  of  unparalled  developments,  and  the  same 
is  true    of  the  Vermilion  District   of  Minnesota.        The  confi- 


dence with  which  capital  has  been  invested  in  these  new  claims 
is  due  to  the  advice  of  the  geologists  to  extend  the  mines  in 
this  direction.  That  the  new  mines  are  the  result  and  not  the 
cause  of  the  increased  production  of  iron  and  steel  is  shown 
by  the  increased  imports  of  Spanish  ores  during  the  last  year 
as  the  result  of  higher  prices.  This  shows  that  the  remedy  for 
prospective  exhaustion  is  st^tl  further  exploration  for  the  mines 
to  which  the  geologist  points  in  various  parts  of  the  country. 
Many  of  the  large  deposits  have  been  neglected  as  not  suit- 
able for  making  steel  by  the  ordinary  process,  and  in  others 
others  the  percentage  of  iron  is  not  attractive.  But  much  at- 
tention will  undoubtedly  be  given  to  these  ores  within  the  next 
few  years.  This  tendency  is  seen  at  one  locality  in  Tennessee 
by  the  increase  from  70,757  long  tons  in  1884  to  94,319  long 
tons  in  1885,  and  even  the  silicious  ores  at  Cornwall,  Pa,, 
show  increased  use." 

Electric  Light  for  Cars.— The  Boston  &  Albany  Company, 
having  had  a  passenger  car  in  service  lighted  with  the  electric 
light,  has  decided,  it  is  said,  to  equip  a  large  number  of  cars  in 
the  same  way.  The  trial  car  (and  the  others  are  to  have  sub- 
stantially the  same  apparatus!  carries  24  incandescent  lamps 
of  i6-candle  power  each,  the  power  for  these  lamps  being  fur- 
nished by  a  JuUien  storage  battery  carried  underneath  the  car. 
This  storage  battery  will  keep  all  the  lights  burning  for  10 
hours  ;  it  has  60  cells,  each  cell  consTsting  of  19  plates,  weigh- 
ing in  all  27  lbs.,  and  measures  (i}4  by  sH  i"-.  and  s  in.  high. 
These  cells  are  combined  in  boxes  for  convenience  in  carrying 
and  changing,  and  the  whole  battery  weighs  about  1,800  lbs. 

The  car  is  lighted  brilliantly,  and  in  ordinary  service  a 
smaller  number  of  lights  would  be  sufficient.  In  a  month's 
service  there  has  been  no  trouble  whatever  with  the  lights, 
and  it  is  claimed  that  the  work  necessary  to  recharge  the 
batteries  is  much  Jess  than  that  required  to  take  care  of  lamps, 
while  the  cost  is  no  greater. 

The  apparatus  was  furnished  by  the  JuUien  Electric  Light 
Company,   of  New  York,    which   owns    the    patents  covering 
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equipping  cars  for  the  Baltimore  &  Ohio,  the  New  York 
Central  and  the  Pennsylvania  roads,  and  the  new  system 
is  to  have  a  trial  on  all  those  lines. 

Interstate  Commerce  Commissioners. — President  Cleve- 
and  has  appointed  the  following  Commissioners  under  the 
Interstate  Commerce  law,  which  takes  effect  April  5  :  Judge 
Thomas  M.  Cooley,  of  Michigan,  for  six  years  ;  Hon.  Wm. 
R,  Morrison,  of  Illinois,  for  five  years  ;  Augustus  Schoon- 
maker,  of  New  York,  for  four  years  :  Aldace  T.  Walker,  of 
Vermont,  for  three  years  ;  Walker  L.  Bragg,  of  Alabama,  for 
two  years. 

Judge  Cooley  was  for  15  years  a  member  of  the  Michigan 
Supreme  Court  ;  he  was  for  a  time  Arbitrator  of  several  of  the 
Western  traffic  associations,  and  is  now  Receiver  of  the  Wa- 
bash, St.  Louis  &  Pacific  lines  east  of  the  Mississippi.  He  is 
considered  high  authority  on  railroad  law  and  traffic  questions. 

Colonel  Morrison  is  well  known  from  his  service  of  16  years 
in  Congress,  where  he  has  taken  a  prominent  part. 

Mr.  Schoonmaker  has  served  as  State  Senator  and  Attorney 
General  of  the  Stale  of  New  York,  and  is  a  lawyer  of  high 
standing, 

Mr.  Walker  is  also  a  lawyer  of  high  standing.  He  was  for 
some  time  Counsel  for  the  Vermont  &  Canada  stockholders  in 
their  long  fight  against  the  Vermont  Central  Receivers  and 
the  Central  Vermont. 

Mr.  Bragg  has  been  for  four  years  Chairman  of  theAlabama 
Railroad  Commission,  where  he  has  done  excellent  work. 

Power  Brakes  for  Locomotives. — Mr.  James  Hilbert,  of 
Division  263,  writes  to  the  Journal  of  the  Brotherhood  of  Lo- 
comotive Engineers  as  follows: 

"In  common  with  a  great  number  of  our  Brotherhood  I 
am  pleased  to  see  the  rapid  introduction  of  power  brakes  for 
locomotives,  and  how  generally  they  are  now  coming  into  use. 
I  have  had  an  improved  form  of  steam-brake  upon  the  engine 
which  I  am  running  now  for  several  months,  and  have  already 
had  several  opportunities  of  observing  its  usefulness.  I  will 
relate  one  instance  which  happened  with  me  quite  lately  and 
which  will  illustrate  the  advantage  of  such  a  device  upon  the 
engine.  A  short  time  ago  I  was  coming  down  the  mountain 
with  my  engine  light,  and  I  saved  a  runaway  with  the  brakes 
on  my  engine  in  this  manner:  A  train  of  engine  and  75  cars 
was  following  me,  and  their  hand  brakes  could  not  hold  the 
train,  when  the  engineer  reversed  the  engine  and  blew  both  of 
his  steam  chests  off.  I  saw  the  situation  and  prepared  to  see 
what  virtue  there  was  in  my  steam  driver  and  tender  brake,  so 
I  governed  the  speed  of  my  engine  until  they  came  against  me, 
when  I  stopped  the  whole  outfit  in  a  very  short  distance  with 
my  steam   brakes,  in  time   to   save  running  into  another  train 
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ahead  of  me,  and  thus  averted  what  might  have  resulted  in  a 
terrible  smash-up  all  around.  I  believe  that  all  engines  upon 
the  roads  should  be  provided  with  effective  power  brakes,  es- 
pecially these  heavy  mogul  and  consolidation  engines  which 
are  coming  into  such  general  use." 

The  Bussey  Bridge  Accident.— On  the  morning  of  Marth 
14,  as  a  local  train  (locomotive  and  nine  cars),  on  the  Dedham 
Branch  of  the  Boston  ^;  Providence  road  was  passing  over  the 
Bussey  Bridge  near  Roslindale,  Mass.,  the  bridge  gave  way. 
The  engine  and  three  cars  passed  over,  but  six  cars  went  down 
some  40  ft.,  and  were  completely  wrecked.  The  cars  were 
full  of  passengers  on  the  way  to  their  work  in  Boston,  and  of 
these  28  were  killed  and  114  more  or  less  injured.  Five 
of  these  have  since  died.  The  bridge  was  a  deck-bridge, 
crossing  a  highway  road  at  an  angle  at  45%  and  was  110  ft. 
long.  The  two  trusses  were  built  at  different  times 
and  of  different  patterns,  the  latest  one  having  been  in 
place  since  1876.  It  is  charged  that  the  bridge  was  in  bad 
condition,  and  to  substantiate  this,  a  broken  hanger  has  been 
shown  which  was  evidently  cracked  for  some  time  before  the 
final  failure.  Others  clairn  that  a  car  was  derailed  on  or  near 
the  bridge,  and  that  the  shock  of  this  derailed  car  threw  the 
trusses  from  their  seats.  It  is  to  be  noted  that  the  cars  were 
heated  bv  old-fashioned  stoves  and  that  two  (one  account  says 
three)  of  them  caught  fire.  The  fire  was,  however,  quickly 
put  out  by  a  fire-engine  from  the  village  close  by. 

The  Massachusetts  Railroad  Commissioners  are  now  mak- 
ing an  examination  into  the  causes  of  the  disaster. 

Blast  Furnaces  in  1856  and  in  1886.— The  American 
Manufacturer  gives  a  table  showing  the  number  of  blast  fur- 
naces in  the  United  States  in  1856  and  in  1S86,  the  totals  being 
as  follows  ; 

Fuel.  1856.       1886. 

Charcoal ■• 4>i'     .      '74 

Anthracite i^i  '24 

Bituminous  and  Coke 43  =80 

Total 580  578 

The  Manufacturer  sa.ys  :  "  The  totals  show  that  the  char- 
coal furnaces  very  largely  outnumbered  the  anthracite  and 
bituminous  furnaces  in  1856,  there  being  416  of  the  former, 
compared  with  121  anthracite  and  only  43  bituminous,  while  in 
1886  the  totals  had  changed  to  174  charcoal  furnaces,  124  an- 
thracite and  2S0  bituminous,  the  charcoal  and  bituminous  fur- 
naces changing  places  as  to  number.  Another  noticeable 
feature  is  the  fact  that  there  were  no  more  productive  furnaces 
in  the  country  in  1886  than  there  were  in  1856,  but  of  course  the 
production  was  many  times  greater. 

Taking  the  states  separately,  Maine  had  I  furnace  in  iSsband 
I  in  1S86;  New  Hampshire  had  5  in  the  former  period,  and  none 
in  the  latter  ;  the  same  is  true  of  Vermont  ;  Massachusetts  had 
10,  against  8  now  ;  Connecticut  15;  against  9  now  ;  New  York 
had  43,  against  39  ;  Pennsylvania  w-as  far  in  the  lead,  and  has 
kept  it  ever  since  ;  Maryland  had  30,  against  ig.  Several  of 
the  Southern  States  also  had  a  greater  number  of  furnaces  in 
1^56  than  in  1886.  Tennessee  had  41,  against  17  ;  Kentui  ky 
30,  against  6  ;  Georgia  7,  against  4  ;  South  Carolina  4,  against 
none.  Twenty-two  States  made  pig-iron  in  1856  and  twenty- 
six  States  and  Territories  produced  it  in  1886. 

"  The  production  of  pig-iron  in  1S56  was  814,017  tons;  in 
r8S6  it  was  6,366,688  tons,  or  near  8  times  as  much. 

"Ofthetotalquantity  of  pig-iron  produced  in  the  United  Stales 
in  1856  Pennsylvania  made  over  55  per  cent  ;  of  the  total  pio- 
duced  in  i8>6  she  made  nearly  52  per  cent.  Ohio  produced 
more  in  1886  than  the  whole  country  produced  in  1S56.  and 
.■Mlegheny  County,  Pa.,  will  do  the  same  thing  this  year." 

Nail  Production  in  the  United  States. — The  Iron  Age 
says:  "The  American  Iron  &  Steel  Association  has  pub- 
lished the  statistics  of  the  production  of  cut  nails  for  1S86. 
.\side  from  the  very  great  increase  in  the  make  which  the 
figures  show —from  6,696,815  kegs  in  1885  to  8,160.973  kegs 
in  18S6 — their  principal  interest  lies  in  the  evidence  of  the 
great  progress  which  steel  has  made  as  the  material  of  which 
they  are  made.  The  change  from  iron  to  steel  has  been  un- 
even, geographically  considered.  In  the  great  Wheeling  Dis- 
trict the  product  consisted  of  1,841.402  kegs  of  steel  nails, 
and  only  17,149  kegs  of  iron  nails.  With  its  greatest  compe- 
titor, the  Central  Pennsylvania  District,  the  figures  are  nearly 
reversed,  there  having  been  made  only  142,179  kegs  of  steel 
nails,  and  1.347,303  kegs  of  iron  nails.  Yet  the  year  1886  was 
really  one  of  preparation,  outside  of  the  Wheeling  District, 
and  the  heavy  demand  for  rails,  by  making  a  supply  of  nail 
slabs  scarce,  tended  to  cut  off  those  works  not  producing  their 
own  steel.  Quite  a  number  of  plants  have  been  finished  in 
1886,  or  are  now  building,  with  the  object  of  exclusively  or 
partially  supplying  the  raw  material  for  steel  nail  manufac- 
ture.    Among  them  are  one  in  Massachusetts,  one  in  \'irginia. 


two  in  Pittsburgh  and  several  in  Illinois  and  Ohio.  Besides 
this,  considerable  quantities  of  foreign  slabs  were  bought  for 
works  in  Pennsylvania  and  elsewhere,  prior  to  the  rise,  of 
which  a  heavy  percentage  is  being  worked  up  during  this  first 
quarter  of  the  current  year.  There  is  every  prospect,  there- 
lore,  that  the  percentage  of  steel,  which  was  36  per  cent,  of 
the  total  in  1886,  will  advance  considerably  during  1887. 

"This  movement  entails  .1  concentration  of  manufacture  in  the 
hands  of  fewer  and  larger  producers.  It  will  be  readily  under- 
stood, too,  that  it  brings  into  closer  relations  the  nail  trade,  and 
that  leading  industry,  the  rail  manufacture.  Last  year's  make  of 
steel  nails  must  have  called  for  at  least  150,000  gross  tons  of 
slabs.  Another  point  worthy  of  consideration  is  the  progress 
of  the  wire  nail.  It  is  estimated  that  in  i,'*S6  the  product 
was  not  less  than  400,000  kegs,  which  would  make  the  total 
make  of  cut  and  wire  nails  roughly  8,500,000  kegs,  an  enor- 
mous aggregate.  Authorities  in  the  wire  trade  claim  that 
this  year  will  see  the  product  of  that  class  of  nails  rush  up  to 
1,000,000  kegs.  While  this  statement  will  be  received  with 
reserve,  the  fact  must  be  recogni.(ed  that  the  contest  of  the 
future  will  be  between  the  steel  rut  nail  and  the  steel  wire 
nail.  It  remains  to  be  seen  which  is  the  cheaper  form,  all 
things  considered,  the  nail  plate  or  the  wire." 

Bridging  the  Mississippi. — The  report  to  the  Secretary  of 
War  on  the  proposed  new  bridge  at  St.  Louis  is  signed  by- 
Colonel  H.  L.  Abbott,  Major  A.  Mackenzie,  Major  A.  M. 
Miller  and  Captain  E.  H.  Ruffner,  U.  S.  Engineers.  From 
this  report  the  following  extracts  are  taken  : 

"  The  importance  of  a  free,  unobstructed  navigation  of  the 
lower  Mississippi  River  is  immense.  It  has  been  recognized 
by  Congress  by  large  annual  appropriations.  It  alone  affords 
protection  against  extortionate  charges  for  transportation  by 
corporations.  A  slight  difference  in  cost  of  construction  in 
the  interest  of  a  single  locality  should  have  no  weight  when 
considering  a  question  of  this  national  importance.     *     *     * 

"The  channel  is  constantly  shifting,  and  a  draw  properly 
placed  now  might  be  entirely  out  of  place  in  a  few  months, 
making  the  bridge  impassable.  Uncertain  and  costly  works  of 
channel  regulation  are  therefore  inseparable  from  a  low  bridge. 

"The  drift  running  out  of  the  Missouri  and  past  St.  Louis 
at  every  rise  would  render  it  impossible,  without  great  danger 
to  life  and  property,  for  a  boat  to  control  its  tow  by  backing  ; 
but  this  is  the  onlv  safe  mode  of  passing  a  draw  in  a  strong 
current.  There  being  no  drift  on  the  upper  Mississippi,  this 
difficulty  does  not  affect  existing  draw-bridges  above  the  mouth 
of  the  \lissouri.         *         *         * 

"  The  Board  has  reason  to  believe  that  if  a  drawbridge  was 
built,  it  is  probable  that  the  channel  might  at  times  leave  the 
draw-s|)an  and  thus  make  the  drawbridge  impassable. 

"  The  Board  calls  attention  to  the  fact  that  an  essential  feature 
of  the  plan  of  a  low  bridge  is  that  the  channel  should  be  held 
through  the  draw-spans.  It  is  not  certain  that  this  can  be 
done  at  all:  certainly  not  without  great  cost. 

"  The  Board  is  decidedly  of  the  opinion  that  a  low  bridge  with 
a  draw  in  it  should  not  be  authorized  or  allowed  below  the 
mouth  of  the  Missouri  River,  Such  a  structure  would  be  a  serious 
and  grave  obstruction  to  navigation  and  a  direct  and  oppres- 
sive tax  upon  all  river  interests.  Justice  to  navigation  inter- 
ests requires  that  the  proposed  bridge  should  be  no  greater 
tax  upon  commerce  of  the  river  than  is  absolutely  necessary. 
Channel  spans  of  500  ft.  clear  width,  giving  a  clear  headway 
of  not  less  than  50  ft.  at  high  water,  are  the  least  dimensions 
that  should  be  authorized,  and  with  recent  proi.'ress  in  engi- 
neering and  the  introduction  of  the  cantilever  principle  it  is  not 
expecting  too  much  to  suggest  that  spans  of  even  more  than 
500  ft.  may  be  found  to  be  both  practicable  and  economical. 

"  The  Board  desires  to  emphasize  the  difference  of  the  Mis- 
sissippi River  above  and  below  the  mouth  of  the  .Missouri 
River.  Above,  it  is  a  quiet  river,  comparatively  free  from 
sediment  and  drift  ;  the  oscillation  between  high  and  low- 
water  does  not  exceed  about  22  ft.  Although  low  bridges  on 
such  a  stream  are  obstructions  to  navigation,  they  arc  not  in- 
tolerably so.  Below  the  mouth  of  the  Missouri  all  this  is 
changed.  The  rise  and  fall  increases  to  42  ft.  at  St.  Louis, 
and  over  50  ft.  at  Cairo  ;  the  current  doubles  in  velocity;  the 
volume  of  sediment  is  vastly  increased  :  drift  frequently  runs  ; 
the  bed  is  constantly  shifting.  In  a  word,  the  river  entirely 
changes  its  character,  and  low  bridges  must  be  regarded  as  an 
intolerable  nuisance  to  navigation  interests. 

"  The  Ohio  River  which,  in  its  lower  course,  resembles  the 
lower  Mississippi,  is  protected  by  a  general  bridge  law  for- 
bidding the  rimstruction  of  low  bridges,  and.  in  the  judgment 
of  the  Board,  such  a  law.  properly  adapted  to  suit  the  require- 
ments of  the  Mississippi  below  the  mouth  of  the  Missouri 
River,  would  be  useful  legislation,  in  view  of  the  increasing 
demand  for  bridges  on  the  lower  Mississippi  River." 
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The  office  of  the  Railroad  and  Engineering  Jour- 
nal is  now  at  No.  45  Broadway.  New  York,  having  been 
removed  from  No.  23  Murray  Street  on  May  i.  All  com- 
munications for  the  Journal,  its  proprietor,  or  its  editors 
should  be  addressed  to  No.  45  Broadway,  New  York. 

It  is  reported  that  a  number  of  prominent  railroad 
companies  have  agreed  to  unite  in  a  scheme  for  selecting 
one  automatic  coupler  for  general  use.  The  companies 
which  have  joined  in  the  plan  will  appoint  represen- 
tatives, who  will  recommend  some  one  coupler,  and  the 
companies  all  agree  to  adopt  whatever  coupler  is  thus 
recommended.  Probably  this  is  the  only  way  that  any 
agreement  can  ever  be  reached  on  this  point. 


The  discussion  of  Mr.  Metcalf's  paper  on  Steel  in  the 
American  Society  of  Civil  Engineers,  was  one  of  the  most 
extended  which  has  been  called  out  by  any  paper  pre- 
sented for  a  long  time  past.  This  discussion  took  a  wide 
range,  and  served  to  show  the  general  interest  in  the 
question — and  also  to  show  how  great  the  differences  of 
opinion  are  among  engineers  as  to  the  uses  of  steel,  and 
how  much  uncertainty  there  is  with  many,  as  to  its  true 
nature  and  the  best  methods  of  dealing  with  it. 

One  notable  feature  of  the  discussion  was  the  great 
attention  paid  to  the  use  of  steel  for  guns.  Mr.  Metcalf's 
paper  dealt  with  this  question,  it  is  true,  but  gun  steel 
was  not  the  only,  nor  indeed  the  chief  subject  of  which 
he  wrote.  Nevertheless  gun  steel  was  the  subject  chiefly 
spoken  of  in  the  discussions,  and  the  question  of  steel  for 
bridges  and  other  structural  uses,  took  up  but  a  small  part 
of  the  time.  That  the  naval  officers  who  joined  in  the 
discussion  should  treat  of  guns  alone  was.  of  course,  to  be 
expected,  but  the  amount  of  attention  paid  to  them  by 
the  engineers  was  somewhat  remarkable. 

Some  progress  is  to  be  recorded  in  naval  matters  during 
the  past  month.  The  contracts   for  the  steel  armor-plates 


for  vessels  now  under  construction  and  for  the  steel  forg- 
ings  for  heavy  guns,  which  have  been  pending  for  some 
months,  have  been  let  to  the  Bethlehem  iron  Company. 
That  company  was  not  only  the  lowest  bidder,  but  it 
had  also  made  such  progress  in  erecting  the  necessary 
plant  for  handling  heavj^ masses  of  steel  that  it  was  able 
to  promise  delivery  of  both  the  plates  and  forgings  at 
an  earlier  date  than  any  of  its  competitors.  That  such 
heavy  plants  have  not  heretofore  existed  in  this  country 
is  not  be  taken  as  anv  reflection  on  the  enterprise  of  our 
steel-makers;  it  is  simply  due  to  the  fact  that  heretofore 
the  demand  for  heavy  plates  and  forgings,  which  has 
been  created  abroad  by  government  calls  for  land  and 
naval  armament,  has  not  existed  here.  It  is  also  to  be 
remembered  that  a  continuance  of  this  demand  for  mili- 
tary purposes  can  be  relied  on  in  England,  France  and 
Germany,  while  its  duration  here  is  very  uncertain. 

The  Navy  Department,  as  noted  elsewhere,  has  issued 
proposals  for  several  of  the  new  vessels  whose  construc- 
tion has  been  authorized  by  Congress,  and  is  now  await- 
ing bids  from  contractors. 

The  plans  for  two  of  the  large  vessels  authorized — an 
armored  cruiser  and  an  armored  battle-ship — have  been 
handed  in  and  are  under  consideration  by  a  mixed  board 
of  naval  officers  and  civilian  constructors. 

All  of  these  things  indicate  progress,  and  it  is  encourag- 
ing to  note  that  there  is  an  evident  intention  on  the  part 
of  the  naval  authorities  that  this' progress  shall  be  in- 
telligently directed,  and  the  additions  to  the  Navy  shall 
be  of  as  permanent  value  as  possible. 


The  investigation  of  the  Bussey  Bridge  accident  by 
the  Massachusetts  Railroad  Commissioners  has  resulted 
in  an  elaborate  report  which  is  not  yet  submitted  to  the 
Legislature  as  we  go  to  press.  It  is  said,  however,  that 
the  Commissioners,  after  carefully  considering  the  evi- 
dence, are  of  opinion  that  there  was'no  derailment  of  the 
train  before  it  reached  the  bridge,  and  no  accident  or 
breakage  of  the  train  or  the  bridge  which  could  have- 
accounted  for  its  fall.  They  believe  that  the  accident  was 
caused  by  the  simple  failure  of  the  bridge,  which  had 
reached  a  point  where,  owing  to  original  structural  weak- 
ness and  long  wear,  it  was  no  longer  able  to  carry  the 
loads  put  upon  it. 

The  Massachusetts  Commission  has  always  been  very 
careful  in  its  investigations  and  findings  in  accident  cases, 
and  its  decisions  have  accordingly  had  much  weight. 
That  there  was  much  testimony  of  an  uncertain  and  con- 
tradictory character  is  true,  but  this  is  almost  always  the 
case  in  such  inquiries,  and  simply  shows  that  the  present 
one  was  no  exception  to  the  general  rule. 

Narrow-gauge  lines  continue  to  diminish  rapidly  in 
number.  During  the  past  month  the  Jacksonville,  Tam- 
pa &  Key  West  Company,  in  Florida,  changed  a  branch  of 
30  miles  from  3  ft.  to  standard  gauge,  and  the  Dayton  & 
fronton  road,  of  167  miles,  in  Ohio,  was  changed  April  3. 
The  Havana,  Rantoul  &  Eastern,  one  of  the  longest  nar- 
nar-gauge  lines  in  Illinois,  has  passed  into  the  hands  of 
the  Illinois  Central  Company  and  is  to  be  changed  as 
soon  as  arrangements  can  be  made. 

.At  this  rate  there  will  be  only  a  few  isolated  local  lines 
of  the  narrow-gauge  left  in  the  United  States,  outside  of 
the  mountam  lines  in  Colorado  and  Utah,  and  it  i.s  not  im- 
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probable  that  these  will  follow  the  prevailing  movement 
towards  uniform  gauge  as  their  business  increases. 


The  recent  agitation  of  the  question  of  rapid  transit  in 
New  York  City,  and  the  need  of  additional  facilities  for 
the  movement  of  passengers,  has  developed  a  new  public 
interest  in  the  matter.  So  far  as  public  opinion  has 
found  expression,  it  would  seem  to  favor  elevated  rather 
than  underground  lines,  although  tlie  latter  find  many  ad- 
vocates. There  is  a  very  decided  feeling,  however,  that 
any  grants  of  new  privileges  should  be  very  carefully 
made,  and  should  be  entirely  independent  of  existing  cor- 
porations. At  present,  it  seems  proliable  that  nothing 
will  be  done  this  year. 

The  article  published  in  another  column  on  "  Bridges 
and  Steam  Ferries  in  India."  is  of  interest  in  showing  by 
inference  how  railroad  practice  in  that  country  has  almost 
exactly  reversed  our  own.  The  lirst  railroads  in  India 
were  modeled  on  the  English  lines  and  were  very  solidly 
and  expensively  built,  but  experience  has  taught  Indian 
engineers  that,  with  the  exception  of  a  few  important 
lines  of  traffic,  such  roads  could  not  be  expected  to  return 
interest  on  their  cost,  and  there  has  been  a  gradual  rever- 
sal of  the  original  methods  and  a  substitution  of  a  cheaper 
style  of  road.  The  old  methods  still  survive  to  some  ex- 
tent, however,  and  in  the  last  year  or  two  some  very  ex- 
pensive works  have  been  undertaken. 

River  crossings  have  always  been  among  the  most  diffi- 
cult problems  with  which  engineers  in  India  have  had  to 
deal,  and  there  are  probably  few  countries  in  the  world  with 
an  equal  mileage  of  railroad  which  have  more  large  and 
costly  bridges.  More  than  one  of  these,  as  the  paper  referred 
to  claims,  could  well  have  been  dispensed  with,  and  the 
capital  applied  to  the  building  of  needed  branches  and 
extensions. 

The  arguments  brought  forward  by  the  writer,  with  the 
exception  of  those  based  upon  military  necessity,  will  not 
seem  novel  in  this  country,  where  the  steam  ferry  for  the 
transfer  of  cars  is  so  frequently  used  that  its  employment 
seems  to  be  a  matter  of  course,  and  it  is  only  when  the 
traffic  becomes  heavy  enough  to  warrant  it,  or  where 
circumstances  are  especially  favorable,  that  the  question 
of  building  a  bridge  is  considered  at  all. 


STANDARD  RAIL  SECTIONS. 

THE  great  diversity  in  the  forms  of  rail-sections  has 
been  a  subject  of  lament  by  railroad  engineers  and 
rail  manufacturers  for  many  years  past.  Various  efforts 
have  been  made  to  secure  the  adoption  of  standard  forms, 
but  thus  far  without  avail.  Most  young  engineers,  when 
first  placed  in  charge  of  a  line  of  railroad,  feel  that  their 
careers  and  their  reputations  will  not  be  assured  unless  they 
first  design  one  or  more  new  forms  of  rail  sections,  which 
they  fondly  believe  and  assert  are  better  than  any  other 
form  ever  devised.  The  present  diversity  of  forms  is  a  con- 
sequence, in  part,  of  their  ambitious  efforts.  While  this 
great  variety  is  to  be  regretted,  there  can  be  no  doubt 
that  the  present  and  past  state  of  the  art  is  and  has  been 
a  condition  of  evolution,  and  that  the  forms  of  sections 
have  been  slowly  improved,  although  every  change  which 
hss  been  made  has  not  always   been  in  the  direction   of 


progress.  It  is  very  obvious,  though,  that  if  at  any  time 
during  the  past  ten,  twenty  or  thirty  years,  a  standard 
system  of  rail-sections  had  been  adopted  that  their 
design  would  now  be  antiquated.  At  present,  as  in  the 
past,  general  agreement  in  any  forms  of  sections  seems 
hopeless.  Before  people  will  agree  they  must  think 
alike,  but,  as  error  assumes  countless  forms,  our  only 
hope  of  agreement  in  this  case,  as  in  many  others, 
is  from  an  increase  of  knowledge  which  will  lead  to  right 
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thinkmg  on  this  subject.  For  this  reason  every  able  dis- 
cussion of  the  subject,  like  that  contained  in  the  paper  of 
Mr.  W.  F.  Mattes,  which  was  read  at  the  Scranton  meet- 
ing of  the  Institute  of  Mining  Engineers  in  February — 
which  we  regret  we  have  not  room  for— must  be  regarded 
as  a  distinct  advance  towards  agreement  on  some  standard 
form  for  rails. 

The  shape  of  rail  proposed  by  the  author  of  the  paper 
is  that  shown  by  fig.  l  which,  it  will  be  seen,  differs  from 


Fig.  2. 

rail  sections  in  ordinary  use,  chiefly  in  having  a  wider 
head  in  proportion  to  its  weight,  and  a  web  which  is 
thicker  at  the  bottom  than  at  the  top.  The  reason  given 
for  this  increase  in  the  thickness  of  the  web  is  that  it 
increases  the  lateral  strength  and  the  vertical  stiffness  of 
the  rail.  But  do  we  need  more  strength  in  our  rails 
to  resist  the  lateral  thrust  of  the  wheels.'  Do  rails  bend 
or  break  in  the  web  ?  If  they  do,  it  is  not  generally 
known.  About  seventeen  years  ago  the  late  Baron  Von 
Weber  made  a  series  of  experiments  to  determine   how 
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thick  the  webs  of  rails  should  be.  A  report  of  these  ex- 
periments was  published  in  Engineering  in  1870.  He 
planed  down  the  webs  of  some  rails  until  they  were  onlv 
)i  in.  thick.  With  this  diminished  thickness,  he  found 
that  they  had  ample  vertical  strength  and  stiffness, 
and  their  lateral  strength  was  so  great  that,  alter  spiking 
them  down  with  double  the  number  of  spikes  ordinarily 
used,  they  were  all  drawn  out  by  means  of  a  lever  attached 
to  the  head  of  the  rail,  so  that  the  rail  could  be  turned 
sideways.  His  conclusion  was  that  webs  /s  or  ]/•  inch 
thick  were  amply  strong  enough  in  practice.  In  fact,  on 
a  straight  line,  there  is  very  little  lateral  thrust,  and  on 
curves  the  curvature  of  the  rail  increases  the  lateral 
strength  enormously.  It  would  seem,  therefore,  that  to 
thicken  up  the  lower  part  of  the  web  adds  to  its  strength 
when  no  addition  is  needed.  In  fact,  to  make  the  lateral 
strength  of  the  web  greater  than  the  resistance  of  the 
spikes  is  useless. 

It  would  seem,  too,  as  if  the  vertical  stiffness  would  be 
increased  more  if  the  metal  which  is  added  to  the  web 
were  put  into  the  base  of  the  rail.  In  other  words  it  does 
not  seem  that  the  metal  required  to  thicken  up  the  web 
is  placed  "'  where  it  will  do  the  most  good." 

Fig.  3  is  a  section  of  the  standard  76-Ib.  rail  used  on  the 
Lehigh  Valley  Railroad.  This  form  of  rail  may  be  taken 
as  an  example  of  late  practice  in  this  country.  It  will 
be  seen  thar  the  sides  of  the  head  of  this  rail  slope  at  an 
angle  of  10°  to  a  vertical  line.  The  reason  given  for 
adopting  this  form  is  that  the  rails  are  worn  to  this  shape 
by  the  action  of  the  wheel  flanges.  This  reason  is  neither 
satisfactory  nor  conclusive.  The  flanges  of  wheels  are 
worn  "  square"  or  "  sharp"  by  the  action  of  the  rails,  but 
we  do  not,  therefore,  conclude  that  new  flanges  should  be 
made  square  or  sharp.  There  is  very  little,  if  any,  more 
reason  for  making  rails  of  the  shape  to  which  they  are 
worn,  than  there  is  for  making  flanges  of  the  shape  to 
which  they  wear. 

In  fig.  3,  a  new  wheel-tread  is  shown  on  the  top  of  the 
rail  with  its  flange  in  contact  with  the  corner  of  the  rail- 
head. It  will  be  seen  that  the  flange  does  not  touch  the 
side  of  the  head  at  all.  In  fig.  4,  a  worn  wheel-tread  with 
a  sharp  flange  is  shown  on  top  of  the  Lehigh  Valley  rail- 
head. In  this  case,  it  will  be  seen  that  the  lower  edge  of 
the  flange  touches  the  side  of  the  rail-head  at  A. 
Referring  to  these  rails  Mr.  Mattes  says,  "wheel-tires  that 
are  in  good  condition  will  have  little  effect  upon  such  a 
head  beyond  that  which  is  properly  due  to  the  rolling 
load,  but  worn  tires  produce  abrasion  of  the  side  slope 
that  is  very  noticible  on  tangents  and  severe  on  curves. 
Fig.  2  shows  the  wear  of  some  of  these  rails,  which  were 
laid  in  May,  1S84,  on  a  tangent  near  Pittston.  The  track 
there  is  double,  fairly  ballasted,  and  the  traffic  not 
particularly  heavy.  The  figures  give  the  wear  in  decimals 
of  an  inch,  and  the  noticeable  feature  is  that  the  wear  is 
deeper  on  the  side  than  on  the  top.  Upon  the  next 
curve,  of  about  2°,  the  excess  of  side  wear  was  still  greater, 
and  upon  heavier  curves  at  Mauch  Chunk  it  was 
decidedly  objectionable." 

With  reference  to  the  mutual  action  of  a  flange  and 
rail  on  each  other,  as  shown  in  Fig.  3,  is  concerned,  it  is 
difficult  to  see  what  good  is  etlected  by  that  part  of  the 
rail-head  included  in  the  triangle  «*  c,  because  the  flange 
does  not  come  in  contact  with  this  part  of  the  rail  at  all. 
On  the  other  hand,  it  is  generally  agreed  by  experienced 
railroad  men  that  if  the  lower  edge  of  a  flange  impinges 


against  the  rail,  as  shown  in  fig.  4,  that  the  flange  is  liable 
to  mount  the  rail.  In  other  words,  the  flanges  which  are 
of  the  right  form  do  not  touch  the  sides  of  rail-heads 
shaped  like  that  shown  in  figs.  I  and  3,  whereas  flanges 
which  are  worn  sharp,  and  are  therefore  dangerous,  do 
touch  the  sloping  sides.  If,  instead  of  sloping  outward, 
the  sides  of  the  head  sloped  inward  as  indicated  by  the 
dotted  line  a  b.  Fig.  2,  then  a  sharp  flange  would  occupy 
the  relation  to  the  rail  shown  in  fig.  5,  and  would  not 
touch  the  side  of  the  head. 

It  may  therefore  be  inferred  that  so  far  as  the  mutual 
action  of  the  rails  and  flanges  on  each  other  is  concerned, 
that  it  would  be  better  to  slope  the  sides  of  the  rail-heads 
the  reverse  way  from  that  usually  practiced,  as  indicated 
by  dotted  lines  a  b  in  figs.  3  and  4.  If  this  were  done 
the  weight  of  the  rail  would  be  reduced,  or  the  metal 
included  in  the  triangles  a  b  c  and  g  h  i.  fig.  3,  could  be 
added  to  the  top  of  the  rail,  and  the  section  of  metal 
available  for  wear  would  thereby  be  increased. 

It  may  be  said,  though,  that  if  the  sides  of  the  head  are 
inclined  inward,  as  indicated  by  the  dotted  lines  a  b  and 
g  z  in  fig.  3,  that  the  bearing  surface  d  c  of  the  fish- 
plates will  be  diminished  to  an  injurious  degree.  Before 
this  objection  is  considered,  let  us  give  some  examination 
to  the  shape  of  the  under  side,  d  c  of  the  head. 

The  first  fish-plates  that  were  used  were  what  are 
called  "  plain"  bars,  in  distinction  from  angle-bars,  which 
are  now   generally    adopted.     With    plain   bars    it     was 

j  considered  essential  that  the  angle  of  their  top  bearing 
under  the  head,  should  be  the  same  as  that  of  the  lower 
bearing  on  top  of  the  flange,  so  that  the  fish-plates  or 
bars  would  be  reversible,  and  thus  avoid  the  risk  of  having 
them   put  on   upside  down.     At   the  same   time    it  was 

I  essential  that  the  angles  of  these  bearings  should  be 
sufficiently  obtuse  so  that  the  bars  could  be  kept  tight  by; 
screwing  them  up.  An  obtuse  "  fishing-angle,"  on  top  of 
the  lower  flange  has,  however,  the  objection,  that  either 
the  outer  edges  of  the  flange  must  be  made  very  thin,  or 
the  middle  of  greater  thickness  than  is  required  for 
strength,  or  perhaps  both,  as  is  the  case  in  the    Lehigh 

'    Valley  rail. 

I        There  are  two  objections  to  thin  edges  on  the  flange: 

j  first,  they  are  difficult  to  roll  and  liable  to  crack  in  roll- 
ing, and  second,  they  have   very    little   bearing   surface 

j  against  the  spikes,  and  are  therefore  liable  to  cut  into  the 
spikes.     More  thickness  in  the  center  of  the  flange  than  is 

I  essential  for  strength  is  a  waste  of  material.  These  con- 
siderations, as  stated,  led  to  the  adoption  of  as  small  a 
fishing  angle  on  top  of  the  rail  flange  as  it  was  found 
practicable  to  use.  The  angles  have  varied  from  about 
10°,  with  a  horizontal  line,  to  iS°,  and  to  prevent  the  fish- 
plates from  being  put  on  the  rails  upside  down,  the  upper 

!  and  lower  fishing  angles  were  made  alike.  That  led  to 
making  them  both  as  acute  as  was  practicable.  When 
the  angle  fish-plates  were  introduced,  the  necessity  for 
making  the  top  and  bottom  fishing  angles  alike  no  longer 

I    existed,  but  the  practice  was  established  and  adhered  to, 

I  and  affords  another  striking  illustration  of  how  prone 
mankind  are  to  adhere  to  a  habit  or  a  precedent  after  the 
reason  for  its  continuance  has  passed  away. 

If  angle  fish-plates  are  used,  it  is  plain  that  the  upper 
and  lower  fishing  angles  need  not  be  alike.  It  will  be 
clear,  too,  tliat  if  the  rail-head  shown  on  fig.  3  was  worn 
away  so  that  its  top  would  conform  to  the  dotted    line  g 

I   e  c,  that  the  weak  point  of  the  rail-head  would  be  on  the 
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line  c  d  and  that  the  fishing  angle  was  made  30°,  as 
indicated  by  the  dotted  line  d  f,  that  is  if  the  metal  is 
included  within  the  triangle  d f  c  was  entirely  removed 
that  the  worn  rail-head  would  still  have  substantially  as 
much  strength  as  it  had  before  this  change  was  made.  In 
other  words,  the  metal  included  in  the  triangle  rZ/ir  does 
not  add  to  the  strength  of  the  rail-head,  nor  to  the  area  of 
metal  which  is  worn  away,  and  consequently,  if  the  fishing 
angle  can  be  made  30°,  this  metal,  and  an  equal  amount  on 
the  opposite  side  of  the  rail,  may  be  saved  or  added  to  the 
top  where  it  will  be  useful  in  resisting  wear. 

The  question  then  arises  whether  a  fishing  angle  of  30" 
can  be  used  without  unduly  straining  the  fish-bolts.  Of 
course  if  they  are  unduly  strained,  they  will  break,  but 
if  they  do  not  break  with  such  an  angle,  it  is  evidence 
that  the  obtuse  angle  does  no  harm. 

Fig.  6  represents  a  form  of  rail  used  on  the  Grand 
Trunk  Railway  prior  to  1882,  the  upper  fishing  angle  of 
which  is  33 ':;''.  The  Chief  Engineer  of  that  line  has  stated 
that  there  was  no  trouble  from  the  breaking  of  bolts 
■while  that  form  of  rail  was  used.  Fig.  7  shows  a  rail  used 
on  the  Great  Southern  &  Western  Railway  of  Ireland. 
the  top  and  bottom  fishing  angles  of  which  were  both 
31  ,'-'2°.  We  have  testimony  from  both  of  these  lines 
that  there  was  no  trouble  from  the  breakage  of  bolts 
with  fishing  angles  as  great  as  those  represented.  On 
many  other  European,  especially  Continental  roads,  what 
would  here  be  called  very  steep  fishing  angles  are  used. 
It  therefore  seems  quite  safe  to  use  an  angle  under  the 
head  of  3o'-\  There  is  also  the  advantage  that  with  a 
steep  angle,  the  fish-plates  will  hold  the  rails  more  truly 
in  line.  With  such  angles  any  inaccuracy  of  fit  of  the 
fish-plates  on  the  rails,  permits  less  lateral  deviation  of 
the  rails  than  a  smaller  angle  would. 

In  fig.  4  the  e.xternal  outline  represents  the  head  of  the 
76-lb.  Lehigh  Valley  rail,  and  the  dotted  lines,  the  sug- 
gested changes  therefrom.  The  areas  between  them  show 
the  metal  which,  if  taken  away,  would  not  diminish  the 
endurance  of  the  Lehigh  Valley  rail  section.  It  should  be 
noted  that,  notwithstanding  this  reduction,  the  area  which 
is  available  for  wear,  is  nearly  the  same  in  the  reduced 
section  as  it  was  in  the  original. 

The  aforegoing  consideration,  if  put  into  practice,  will 
then  lead  to  a  design  of  rail  like  that  represented  by  fig. 
8.  This  has  a  straight  web  g-i5  in.  thick.  A  bottom 
flange  5-16  in.  thick  on  the  edges,  which  have  flat,  vertical 
surfaces,  to  give  a  liberal  bearing  for  the  spikes.  The  fish- 
ing angle  on  top  of  the  flange  is  lo"^,  the  angle  under  the 
head  is  30',  with  a  horizontal  line.  The  head  is  made 
2.j%  in.  wide,  measured  over  the  curves  of  the  top  corners 
whose  radii  are  'yi  in.  The  Lehigh  Valley  rail  is  3^  in. 
wide  at  the  same  point.  The  sides  of  the  head  of  the 
proposed  rail  slope  inward  with  an  angle  of  10°  to  a  per- 
pendicular. The  bearing  surface  under  the  heads  for  the 
fish-plates  is  the  same  in  both  rails.  Without  going  into 
refined  calculations  with  reference  to  the  relative  stiffness 
of  the  two  forms,  the  fact  that  metal  is  taken  from 
near  the  neutral  axis  of  the  one  section,  where  it  con- 
tributes very  little  to  the  stiftness  of  the  rail,  and  is 
distributed  in  the  top  of  the  head,  and  the  edges  of  the 
flanges  of  the  other  section  indicates  that  the  one  will  not 
be  inferior  to  the  other  in  rigidity.  This  taken  in  con- 
nection with  the  fact  that  the  proposed  section  will 
weigh  only  72  lbs.  per  yard  instead  of  76  lbs.,  a  diflerence 
•of   more  than   5   per  cent.,  is   perhaps  sufficient  excuse 


for  calling  attention  to  the  reasons  which  led  to  its 
design. 

Returning  now  to  the  rail  proposed  by  Mr.  Mattes,  it 
will  be  seen  that  he  has  not  escaped  from  the  habit  of 
thinking  that  the  top  and  bottom  fishing  angles  should  be 
the  same.  He  has  made  them  both  14^.  If  the  bottom 
one  was  10"  he  could  increase  the  thickness  of  the  edges 
of  the  flange  for  bearing  against  the  spikes,  which  would 
distribute  the  metal  nearer  the  bottom  of  the  rail,  which 
would  then  add  to  the  stiffness  without  any  increase  in  the 
area  of  this  part  of  the  rail  section.  If  the  increase  in 
thickness  and  strength  of  the  lower  part  of  the  web  is 
needless,  then  the  metal  which  has  been  added  to  that 
point  could  also  be  put  into  the  flange,  which  would  add 
still  further  to  the  stiffness.  If  the  angle  under  the  head 
should  be  increased  to  30°,  and  the  sides  of  the  head  were 
sloped  inward,  with  an  angle  of  lo'",  instead  of  outward, 
the  metal  which  could  thus  be  removed  from  the  lower 
part  and  sides  of  the  head  could  be  put  on  top,  where  it 
would  add  most  to  the  wearing  capacity  and  stiff'ness  of 
the  rail.  Fig.  9  shows  the  modifications  of  Mr.  Mattes' 
section  as  proposed  above.  The  parts  shaded  with 
parallel  lines  represent  the  parts  of  the  rails  common  to 
both  sections,  the  black  parts,  what  has  been  added  to 
Mr.  Mattes'  section,  and  the  unshaded  portions,  what  has 
been  taken  away  from  it.  The  results  of  these  changes 
would  be  that  the  superfluous  material  in  the  web,  where 
it  is  not  needed,  would  be  put  into  the  edges  of  the  flange 
where  it  is  of  use.  The  rail  would  be  increased  in  height 
about  2%  per  cent,  with  a  corresponding  addition  to 
its  stiffness,  and  the  metal  in  the  top  of  the  head,  which 
is  available  for  wear,  would  be  increased  from  1 5  to  20  per 
cent. 

As  stated  in  the  beginning  of  this  article,  agreementon 
standard  rail-sections  will  only  be  possible,  when  the 
reasons  (or  adopting  one  form  of  section  rather  than 
another  are  thoroughly  understood.  To  that  end  Mr. 
Mattes'  paper  is  a  very  valuable  contribution,  and  it  is 
with  the  same  object  in  view  that  it  has  been  discussed 
here. 

The  Locomotive  as  a  Hygrometer. 

The  above  title  will  probably  lead  some  readers  to 
inquire — an  least  mentally — what  is  a  hygrometer?  To 
save  them  the  trouble  of  looking  in  the  dictionary  it  may 
be  well  to  say  that  Webster  defines  Hygrometcf  as  "  an 
instrument  for  measuring  the  degree  of  moisture  in  the 
atmosphere." 

An  English  observer  says  that  the  manner  in  which  the 
waste  steam  from  a  traveling  locomotive  conducts  itself 
after  leaving  the  chimney  indicates  very  accurately  the 
amount  of  moisture  in  the  air.     He  says : 

"  Does  the  vapor  linger  in  the  atmosphere  as  if  un- 
decided whether  to  disappear  or  not?  then  saturation 
point  is  not  far  away.  On  the  other  baud,  if  it  is  snatched 
up  with  avidity,  depend  upon  it  it  is  a  dry  day  with  no 
chance  of  falling  rain.  Dwelling  within  a  league  of  one  of 
our  main  lines,  I  can  testify  of  these  variations  from 
numerous  observations.  I  have  seen,  on  a  hot  summer's 
day,  passenger  trains  rising  an  incline  near  our  station, 
and  therefore  under  full  stroke  of  steam,  without  giving 
the  slightest  indication  of  their  motive  power,  vomiting 
no  smoke  at  the  same  time.  At  another  time  I  have  just 
had  time  to  detect  it  ere  it  vanished.  At  others  it  has  been 
visible  for  three  or  four  yards,  then  for  the  whole  length 
of  the  train,  and  so  on,  finally  stretching,  on  damp  and 
wet  days,  a  long  distance  away.     1  have  seen,  in  the  height 
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of  summer,  steam  hang  about  considerably,  with  large 
patches  of  blue  sky  overhead— a  curious  revelation  to  me 
at  first.  Indeed,  this  hygrometer  is  a  very  delicate  in- 
formant. 

"  And  some  of  the  daily  variations  are  not  less  remark- 
able. Working  in  a  haylield  one  day  last  summer,  adjoin- 
ing the  railroad,  I  was  determined  not  to  let  the  oppor- 
tunity slip  by.  Up  to  I  o'clock  each  passing  train  had 
given  a  gloomy  appearance,  which  seemed  likely  to  con- 
tinue, the  sky  being  overcast,  while  the  hay  or  grass 
refused  to  be  made.  But.  somehow,  soon  after  the  sun 
burst  forth,  the  sky  grew  clear,  and  the  trains  began 
speedily  to  prophesy,  if  it  can  be  called  so.  Gradually 
the  steam  disappeared,  the  afternoon  became  exceedingly 
hot,  and  never  did  hay  make  faster.  It  was  carried  in 
that  day ;  of  course  there  was  the  same  moisture  in  the 
air  as  before.  The  sun.  in  raising  the  temperature  of  the 
atmosphere,  had  made  all  the  ditlerence  in  giving  it 
greater  absorptive  powers.  A  fortnight  in  the  early  hay 
season  of  last  year  was  declared  by  this  test  to  be  phe- 
nomenally dry.  Washerwomen  and  farmers  please  note 
when  living  near  a  railroad." 

This  observer's  conclusions  seem  very  reasonable,  and 
they  could  probably  be  verified  by  the  observations  of 
others.  Without  doubt  some  of  our  readers  have  noticed 
something  of  the  same  kind;  if  they  have,  their  observa- 
tions may  be  of  interest  to  others,  and  we  would  be 
pleased  to  hear  from  them. 


NEW   PUBLICATIONS. 


Leveling,  and  its  General  Application  ;  Thomas 
HoLLOWAY.  London  and  New  York  :  E.  &  F.  N. 
Spon,  1887.    Octavo,  .\i  +  147  pages.     Price,  $2.00. 

This  volume,  written  by  a  practical  English  surveyor, 
is  of  interest  as  exhibiting  the  methods  of  leveling  field- 
work  in  England.  The  theory  of  the  subject,  including 
the  methods  of  keeping  notes  and  the  adjustment  of  in- 
struments, is  set  forth  in  a  clear  manner,  and  does  not 
materially  differ  from  the  presentations  given  in  our  text- 
books on  surveying.  The  practice,  however,  is  different 
in  many  particulars.  The  leveling  rod — called  a  staff — 
has  no  target,  being  universally  of  the  "  speaking  "  kind. 
The  level  is  generally  a  "  dumpy  "  with  inverting  teles- 
cope. The  following  extracts,  selected  almost  at  random, 
will  give  an  idea  of  the  methods  recommended  by  the 
author : 

"  For  general  home  use  I  prefer  a  12-in.  level,  without 
either  compass  or  short  transverse  bubble  tube ;  but  were 
I  contemplating  works  of  considerable  magnitude,  or 
emigration,  I  should  prefer  a  14-in.  one,  having  a  com- 
pass. 

"  To  set  up  the  instrument  correctly  ;  Remove  the  cap 
from  the  tripod.  Erect  the  tripod  by  extending  its  legs 
to  a  convenient  distance,  and  carefully  examine  it  to  see 
that  it  is  quite  free  from  shake,  either  from  want  of  firm 
bedding  and  heading  of  the  wood  mto  the  metal,  or  from 
looseness  of  any  of  the  joints  or  screws.  The  examina- 
tion being  found  in  every  way  satisfactory,  press  the  legs 
firmly  either  upon  or  into  the  ground,  keeping  the  upper 
plate  as  nearly  level  as  it  can  be  kept  by  the  eye,'and 
mount  the  instrumeut  by  firmly  screwing  it  on. 

"  Some  surveyors  compel  the  staff-holder  to  carry  an 
iron  shoe  to  plant  the  staff  upon,  but  I  never  yet  saw  the 
advantage  to  be  derived  from  its  employment,  although  I 
am  informed  that  it  is  good  on  loose,  sandy  soils. 

"  Some  surveyors,  when  leveling  up  or  down  an  incline, 
erect  the  instrument  at  some  distance  to  the  side  of  the 
line  of  operations,  with  the  view  of  equalizing  the  lengths 
of  the  sites;  this  system  is  to  be  condemned,  because  it  is 
more  likely  to  increase  error  than  to  diminish  it,  and  be- 
cause it  wastes  time. 

•'  Nothing  can  possibly  contribute  more  to  the  assist- 
ance of  an  engineer,  in  the  development  of  a  new  country. 


than  contour  lines  ;  but  as  it  is  tedious  and  costly  to  define 
them,  in  respect  of  such  diflferences  of  altitude  as  would 
render  them  of  thorough  practical  utility,  they  are  seldom 
employed." 

Judging  from  this  l)ook,  leveling  in  England  seems  to 
be  a  diiricult  operation,  requiring  much  practice  and  great 
skill  to  succesfuUy  execute.  Even  the  bench-marks  of 
the  ordnance  survey  seem  unreliable,  for  the  author  ad- 
vises surveyors  to  ignore  tnem  "  and  proceed  solely  on  the 
more  reliable  lines  of  self-dependence."  Stadia  leveling, 
now  so  common  here,  seems  to  be  unknown  in  England, 
although  the  germs  of  the  method  are  alluded  to  under 
the  phrase  "  leveling  aided  by  the  application  of  the  law 
of  perspective,"  which,  however,  is  merely  an  explanation 
of  the  way  of  determining  horizontal  distances  by  means 
of  stadia  lines  in  the  telescope  of  the  level.  No  state- 
ments are  made  as  to  the  degree  of  precision  attainable 
or  desirable  in  leveling. 

Petroleum,  its  Production  and  Use.  By  Boverton 
Redwood,  F.  I.  C,  F.  C.  S.,  New  York,  D.  Van  Nos- 
trand. 
This  little  book  is  abridged  from  the  Cantor  lectures 
before  the  Society  of  Arts,  London,  and  forms  another  of 
Van  Nostrand's  Science  Series.  As  its  origin  would 
indicate,  it  is  written  in  a  popular  style,  and  begins  with 
what  may  be  called  the  geology  of  petroleum  and  its 
chemistry.  The  second  chapter  is  devoted  to  a  descrip- 
tion of  the  methods  of  drilling  oil  wells,  and  of  the 
appliances  used  for  securing  and  increasing  their  product 
both  in  this  country  and  in  Russia.  A  description  of  the 
methods  employed  in  the  United  States  and  elsewhere  for 
transporting  petroleum  is  also  given  in  the  second  chap- 
ter. This  is  followed  in  the  third  with  a  description  of 
"  the  processes  adopted  for  the  manufacture  and 
distribution  of  the  various  commercial  products,  as  well 
as  to  the  methods  employed  for  ascertaining  the  quality 
of  these  products  and  their  suitability  for  the  purposes 
to  which  they  are  to  be  applied."  The  fourth  and  last 
chapter  is  devoted  to  illumination,  with  descriptions  of 
various  kinds  of  lamps,  wicks,  etc.,  which  have  been 
devised  and  are  used  for  lighting.  Probably  any  one  can 
get  more  information  about  the  subjects  which  it  dis- 
cusses from  this  little  book,  in  a  few  hours,  than  he  could 
get  from  any  other  source  within  his  reach.  It  is  easy 
reading,  and  as  interesting  as  a  novel.  It  is  without  an 
index,  which  is  its  worst  fault. 

BOOKS  RECEIVED. 

Seventh  Annual  Report  of  the  Railroad  Com- 
missioners ov  California  ;  Sacramento,  Cal.:  State 
Printing  Office. 

The  Meigs  Elevated  Railroad. — By  Joe.  \'.  Meigs. 
Boston  :  Charles  H.  Whiting.  This  pamphlet,  or  rather 
book,  of  180  pages,  contains  an  illustrated  description  of 
the  Meigs  plan  for  elevated  railroads,  with  the  argmnents 
in  favor  of  it. 

Report  of  the  Secretary  of  the  Navy.  The  re- 
port this  year  is  of  unusual  interest,  owing  to  the  active 
work  now  in  progress  on  the  increase  of  the  Navy. 

Technical  Education  in  Industrial  Pursuits, 
WITH  Special  Reference  to  Railroad  Service.  This 
is  a  report  made  to  the  President  of  the  Baltimore  &  Ohio 
Railroad  Company  by  Dr.  W.  T.  Barnard,  Assistant  to 
the  President. 
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Fourth  Annual  Report  of  the  Buakd  ok  Rail- 
road Commissioners  ok  Kansas  :  1886.  Topeka,  Kan.: 
State  Printer. 

The  Crank;  Sibley  College,  Cornell  University, 
Ithaca.  N.  Y.  This  is  not.  as  its  name  might  indicate,  the 
organ  of  the  car-coupler  inventors,  but  a  monthly  maga- 
zine of  very  creditable  quality,  published  by  the  students 
of  Sibley  College,  and  thus  representing  the  students  in 
Mechanical  and  Electrical  Engineering  in  Cornell  Uni- 
versity. Its  name  is  derived  from  the  indispensable 
mechanical  crank,  not  from  the  human  variety. 

Challen's  Engineers"  Log  Book  of  Daily  Runs 
for  the  Year;  Howard  Challen,  150  Nassau  street, 
New  York.  This  book  contains  a  leaf  for  each  week  in 
the  year;  it  is  ruled  and  printed  across  two  pages,  giving 
the  month ;  day  of  week ;  average  pressure  per  gauge  ; 
hours  run;  revolutions;  vacuum  per  gauge  ;  piston  speed 
(feet  per  minute) ;  indicated  horse  power ;  initial  pressure 
per  indicator;  terminal  pressure;  temperature  of  hot 
wells;  temperature  of  heater;  water  per  H.  P.;  fuel 
burned  ;  ashes  and  waste  ;  oil  and  waste  used  ;  defects  re- 
ported ;  repairs  made  and  remarks. 


OBITUARY. 

Mr.  Thomas  Adamson  died  recently  at  his  residence 
in  Cincinnati,  O.,  aged  65  years.  He  was  General  Road- 
master  of  the  Ohio  &  Mississippi  Railway,  and  had  been 
on  that  line  over  20  years.  Mr.  Adamson  took  a  promi- 
nent part  in  forming  the  Roadmasters'  Association  of 
America,  and  was  Treasurer  of  the  Association. 

Mr.  John  E.  Parke,  who  died  at  Downingtown,  Pa., 
April  10,  aged  79  years,  was  one  of  the  oldest  railroad 
contractors  in  the  country.  He  built  part  of  the  old  road 
from  Philadelphia  to  Columbia,  and  had  several  contracts 
on  the  Georgia  Railroad,  when  the  late  J.  Edgar  Thomson 
was  Chief  Engineer.  Mr.  Parke  remained  in  Georgia 
from  1S33  to  1858,  when  he  retired  from  business  and 
went  back  to  Pennsylvania  to  live. 

Mr.  Samuel  Houston,  who  died  of  pneumonia  at 
Piedmont,  W.  Va.,  April  10,  had  been  for  many  years  in 
the  service  of  the  Baltimore  &  Ohio  Railroad.  For  some 
time  past  he  had  been  Division  Master  Mechanic  in  charge 
of  the  Piedmont  shops.     He  was  60  years  of  age. 

Mr.  Levi  D.  Bruyn  died  suddenly  at  his  residence  in 
Long  Branch,  N.  J.,  April  10.  He  was  born  in  Ulster  j 
County,  N.  Y.,  in  1835,  and,  after  learning  his  profession 
as  a  civil  engineer,  was  employed  on  several  New  York 
roads.  About  1852,  he  went  to  New  Jersey  and  was  ap-  | 
pointed  Chief  Engineer  of  the  Raritan  &  Delaware  Bay 
( afterward  the  New  Jersey  Southern)  Railroad ,  and  located 
most  of  that  road.  Subsequently  he  was  Chief  Engineer 
and  afterward  Superintendent  of  the  New  Jersey  &  New 
York  road.  For  some  time  past  he  has  been  Resident 
Engineer  of  the  New  Jersey  Southern  and  the  New  York 
&  Long  Branch  roads. 

Mr.  James  Robertson  Thompson,  for  40  years  chief 
owner  of  the  Jersey  City  Steel  Works,  died  at  his  resi-    ; 
deece  in  New  Y'ork,  April  18,  aged  65  years.     He  was  born 
in    Fulton  County,  N.  \'.,  but  spent  most  of  his  early  life    : 
in  Philadelphia.     He  established  the  steel  works  in  Jersey 
City  and  has  been  at  the  head  of  the  concern  ever  since.      | 

Hon.  Alexander  Mitchell  died  in  New  York,  April 
19,  while  on  his  way  from  Florida  to  his  home  in  Milwau- 
kee. He  was  born  in  Scotland  in  1817  and  came  to  this 
country  in  1839,  settling  in  Milwaukee,  where  hesoon  be- 
came known  as  a  successful  banker,  and  gradually  accum- 
ulated a  fortune.     Of  late  years  he  has  been  best  known 


as  President  of  the  Chicago,  Milwaukee  &  St.  Paul  Com- 
pany, having  held  that  position  since  the  present  company 
was  formed,  18  years  ago.  Mr.  Mitchell  served  two  terms 
in  Congress  from  the  Milwaukee  District.  He  leaves  a 
very  large  estate. 

Mr.  John  Lord  Hayes,  who  died  in  Cambridge,  Mass., 
,'\pril  18,  aged  75  years,  was  a  lawyer  by  training  and  pro- 
fession, but  engaged  in  many  other  enterprises.  In  1846. 
cooperating  with  others  in  Portsmouth,  N.  H..  he  organ- 
ized the  Katahdin  Iron  Works  Company  of  Maine,  for  the 
manufacture  of  charcoal  iron.  He  organized  and  was  Sec- 
retary of  the  Mexican,  Rio  Grande  &  Pacific  Railroad 
Company,  and  in  1854  obtained  a  charter  from  the  Mexi- 
can Government  which  authorized  the  construction  of  a 
road  across  Mexico. 

Mr.  Horatio  G.  Brooks  died  suddenly  of  apoplexy  at 
his  residence  in  Dunkirk,  N.  Y.,  April  20,  aged  58  years. 
He  was  of  New  England  orgin  and  learned  the  trade  of  a 
machinist  in  the  Boston  shops  of  the  Boston  &  Maine 
Railroad  ;  he  was  also  employed  on  that  road  for  some 
time  as  fireman  and  locomotive  engineer.  He  went  to 
the  Erie  in  1850,  in  charge  of  some  locomotives  from  the 
Hinkley  cS:  Drury  shops';  he  remained  on  the  road  till 
1856,  when  he  went  to  the  Ohio  &  Mississippi,  but  four 
vears  later  went  back  to  the  Erie  as  Master  Mechanic  of 
the  Western  Division.  In  1865  he  was  appointed  Superin- 
tendent of  Motive  Power  of  the  whole  road.  In  1869,  Mr. 
Brooks  and  his  associates  leased  from  the  Erie  Company 
its  shops  at  Dunkirk.  N.  Y.,  and  established  the  Brooks 
Locomotive  Works,  which  have  since  become  so  well  and 
widelv  known.  The  business  of  the  works  was  gradually 
extended  and  built  up  until  it  was  placed  on  a  solid  foun- 
dation, and  the  Brooks  locomotive  came  to  be  known  on 
railroads  all  over  the  country. 

During  the  17  years  since  the  establishment  of  the 
works,  Mr.  Brook's  has  remained  the  active  head  of  the 
concern,  and  the  reputation  which  it  attained  was  largely 
due  to  his  mechanical  experience  and  judgment.  He  was 
a  very  popular  man  and  made  friends  wherever  he  went;  he 
had  also  the  friendship  and  good  will  of  his  associates  and 
employes,  whose  welfare  he  cared  for  in  many  ways. 
Some  years  ago  he  established,  in  the  Brooks  Works,  a 
school  for  the  technical  instruction  of  apprentices,  which 
has  done  much  good  work. 


Contributions. 


THE     GEODETIC     WORK    IN   THE     UNITED 
STATES. 

III.  the  united  states  lake  survey. 

BY  PROF.  J.  HOWARD   GORE. 

Chronologically,  the  next  work  of  this  character  that 
reached  completion  was  the  United  States  Lake  Survey. 
It  was  begun  in  1841,  finished  in  1878,  and  when  done  it 
was  well  done. 

The  moving  cause  for  this  survey  was  the  increasing 
lake  traffic  incident  to  the  rapid  settlement  of  the  then 
Northwest,  and  the  absolute  necessity  for  that  knowledge 
of  the  coast  which  alone  could  give  to  the  lake  sailors  a 
feeling  of  security.  The  ultimate  object,  then,  of  this  un- 
dertaking was  to  map  the  coasts  of  the  Great  Lakes,  show- 
ing possible  harbors,  treacherous  shoals  and  dangerous 
rocks.  An  objection  may  be  here  raised  that  this  pur- 
pose would  not  bring  this  work  under  the  head  of  Geo- 
desy, on  the  ground  that  Geodesy  pertains  to  the  deter- 
mination of  the  size  and  shape  of  the  earth.  But  we 
shall  soon  see  that  the  Lake  Survey  is  being  considered 
in  its  proper  place  if  we  can  subscribe  to  the  definition 


THE     RAILROAD    AND 


[May,  1887. 


given  by  General  Cutts:  "Geodesy,  in  practice,  may  be 
described  as  a  system  of  tiie  most  exact  land-measure- 
ments, extended,  in  the  form  of  a  triangulation,  over  a 
large  area;  controlled  in  its  relation  to  the  meridian  by 
astronomical  azimuths ;  computed  by  formula'  based  on 
the  dimensions  of  the  spheroid  ;  and  placed  in  its  true 
position  on  the  surface  of  the  earth  by  astronomical  lati- 
tudes and  differences  of  longitude  from  an  established 
meridian." 

rhis  survey  of  more  ttian  6,000  miles  of  coast  needed 
to  be  checked  by  a  strong  chain  of  triangles,  sufficiently 
near  to  connect  with  the  secondary  triangulation  upon 
which  the  hydrography  rested.  This  chain  included  205 
stations,  it  depended  upon  12  bases,  was  oriented  by  azi- 
muth observations  at  1 1  stations  and  fixed  in  position  by 
latitude  determination  at  16  points  and  longitude  at  12. 
From  beginning  to  end,  it  was  directed  by  9  different 
engineer  officers,  who  had  the  assistance  of  40  under  offi- 
cers and  127  civilians  in  the  capacity  of  observers,  com- 
puters, recorders,  draftsmen  and  clerks.  The  published 
results  are:  53  charts,  with  110,897  distributed  and  a 
quarto  volume  of  925  pages,  containing  a  report  upon 
the  primary  triangulation,  compiled  by  General  Corn- 
stock,  and  published  under  the  auspices  of  the  Corps  of 
Engineers,  U.  S.  Army,  in  18S2.  The  entire  cost  for  field 
and  office  work,  together  with  instruments  and  publica- 
tions was  83.037,509. 

In  the  measurement  of  the  base-lines  in  1843  and  1844, 
a  rope  was  stretched  from  two  stakes  500  ft.  apart,  their 
tops  being  at  the  same  elevation  ;  upon  this  were  placed, 
end  to  end,  three  well-seasoned  wooden  rods,  each  having 
in  its  under  side  a  groove,  so  that  it  would  easily  rest 
upon  the  rope. 

The  Mackinac  base  was  measured  in  1844.  in  a  manner 
that  was  a  decided  improvement  upon  the  above.  The 
apparatus  in  this  case  consisted  of  four  iron  bars,  each  10 
ft.  long,  resting  one  by  one  on  a  mahogany  carriage,  a 
little  shorter  than  the  bar,  the  whole  being  supported  by 
two  tripods.  In  measuring,  the  rods  were  placed  level, 
and  contact  made  by  bringing  the  rear  end  of  the  bar  so 
that  it  would  touch  a  hair  suspended  from  the  forward 
end  of  the  preceding  bar,  the  hair  being  made  vertical  by 
an  attached  plumb-bob  swinging  in  water — a  method  used 
in  the  Bessel  apparatus  prior  to  the  employment  of  a  sec- 
tor to  determine  the  inclination. 

A  Bache-VViirdeman  apparatus,  15  ft.  in  length,  was 
purchased  in  1857,  and  with  it  the  seven  bases  of  the  fol- 
lowing 20  years  were  measured.  This  apparatus,  which 
was  a  combination  of  the  principles  of  Colby  and  Borden 
with  a  few  improvements,  originated  in  the  U.  S.  Coast 
Survey,  and  will  be  described  in  an  ensuing  article. 

Without  reflecting  upon  his  predecessors,  it  must  be 
acknowledged  that  when  Colonel  Comstock  was  placed 
in  charge,  many  improvements  in  both  instruments  and 
methods  were  introduced.  In  the  Minnesota  Point  base 
a  middle  point  was  selected,  which,  with  the  two  ends 
and  an  auxiliary  station  suitably  situated,  formed  three 
triangles,  making  it  possible  to  compute  the  length  of 
each  segment  from  the  measured  whole.  The  discrep- 
ancies thus  found  between  the  values  for  the  two  parts 
were  —  0.506  in.  and  +  0.507  in.,  while  the  probable  error 
in  the  entire  line  was  0.45  in.  in  a  distance  of  3.8  miles.  As 
computed  from  Keweenaw  base,  about  240  miles  distant, 
the  length  was  2.55  in.  shorter  than  was  found  by  meas- 
urement. 


The  Fond  du  Lac  base  was  also  computed  from  the  Ke- 
weenaw base  through  a  chain  of  320  miles,  giving  a  length 
'  only  1. 16  in.  shorter  than  the  measured  value.  The  dis- 
crepancy in  this  instance  was  one-fifth  the  error  that 
might  have  been  expected  from  the  probable  errors  in 
the  determination  of  the  angles  of  the  intervening  tri- 
{    angles. 

In  the  measurement  of  the  Keweenaw  base  in  1873,  the 
apparatus  was  protected  from  the  action  of  the  sun  by  a 
i    movable  awning.     In  obtaining  the  probable  error,  0.419 
j    in., there  were  considered  the  following  sources  of  error: 
I    Ascertaining  the  length  of  the  tube;  determining  the  in- 
!    clination  ;  reference  to  and  from  the  ground  ;  change  of 
the  length  of  the  tube  and  reduction  to  sea-level  arising 
from  the  uncertainty  in  the  elevation  of  the  base. 
I        The  Sandy  Creek  base  was  measured  twice  in  1S74;  the 
difference  in  the  two  results  was  only  0.545  in.,  and  the 
probable  error  was  0.21   in.     In  the   preceding  measure- 
ments a  short  segment  was  measured  two  or  more  times 
as  a  test,  but  the  behavior  of  the  apparatus  was  such  as  to 
warrant  the  acceptance  of  a  single  determination. 

There  was  an  intermediate  point  fixed  in  the  Buffalo 
base  and  an  additional  station  taken  so  as  to  make  it  pos- 
sible to  compute  the  length  of  each  segment.  The  com- 
puted values  differed  from  the  measured  by  —  1.04  in.  and 
-I-  1.06  in.,  while  the  length,  computed  from  Sandy  Creek 
base  through  a  cham  of  triangles  whose  axis  was  210 
miles,  differed  from  that  found  by  measurement  by  i-44 
in.,  which  was  only  one-third  ol  what  might  have  been 
expected  from  the  errors  in  the  connecting  triangula- 
tion. 

The  Repsold  apparatus  arrived  in  1876,  and  with  it  the 
three  bases  of  the  three  following  years  were  measured. 
In  this  apparatus  there  are  two  bars,  one  steel  and  one 
zinc,  fastened  together  at  their  middle,  but  free  to  expand 
throughout  the  rest  of  their  lengths.  Their  unequal  ex- 
pansion is  observed  upon  scales  at  both  ends,  making  a 
metallic  thermometer  on  the  Borda  principle.  The  two 
bars  are  placed  within  a  tube  cylinder,  which  supports 
them  rigidly  and  protects  them  from  sudden  changes  of 
temperature;  being  further  protected  during  measure- 
ment by  a  covering  of  thick  felt,  with  a  movable  awning 
of  sail  cloth  over  the  entire  apparatus  and  observers.  The 
tube  is  provided  with  a  sector  to  indicate  inclination,  and 
a  telescope  for  aligning.  In  measuring,  two  tripods  carry 
the  tube,  these  rest  upon  foot  pins,  and  their  heads  have 
three  motions  as  usual.  The  microscopes  have  stands 
similar  to  the  tube  tripods  ;  but  instead  of  simply  serving 
'  the  purpose  of  a  marker,  the  microscopes  have  a  micro- 
'  meter,  in  which  the  fixed  wire  is  adjusted  directly  over 
the  zero  mark  on  the  steel  bar,  while  the  movable  wire  is 
made  to  bisect  the  nearest  graduation  on  the  zinc  bar, 
giving  a  scale  reading.  From  a  large  series  of  scale  read- 
1  ings  at  different  authenticated  temperatures,  the  value  of 
'  the  scale  in  terms  of  degrees  of  temperature  is  found,  so 
j  that,  knowing  the  coefficient  of  expansion,  temperature, 
and  temperature  of  the  standard  length,  the  exact  dis- 
tance between  the  zero  marks  on  the  steel  bar  can  be 
known  for  each  tube,  and  the  sum  of  the  projections  of 
such  lengths  will  give  the  length  of  the  base.  In  using 
this  apparatus,  every  precaution  then  thought  of  was  ob- 
served, even  to  having  platformsupon  which  the  observers 
stood  ;  the  points  of  support  so  placed  that  the  weight  of 
the  observer  would  be  equally  distributed  about  the  mi- 
croscope stand,  makingit  impossible  to  have  ail  theweight 
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on  one  side,  and  in  this  way  cause  a  cliange  in  the  micro- 
scope pointinij  as  the  observers  changed  position. 

The  Chicago  base  was  the  lirst  upon  which  this  appa- 
ratus was  employed.  It  was  divided  into  8  segments,  and 
in  the  second  measurement,  the  discrepancy  of  the  two 
were  noted  ;  in  no  instance  did  this  exceed  three-mil- 
lionths  of  the  segment.  The  ends  of  the  base  were 
marked  by  small  agate  hemispheres  set  in  brass  cylinders 
which  were  leaded  into  the  tops  of  granite  blocks  set  in 
brick  work,  the  agate  being  three  feet  below  the  surface 
of  the  ground.  The  probable  error  in  measuring  was  i  : 
1,052,300;  as  computed  from  the  Fond  du  Lac  base,  the 
discrepancy  was  i  :  53,616. 

The  Sandusky  base  had  two  angles  in  it,  thus  breaking 
it  into  three  nearly  equal  parts.  A  lifth  point  was  selected 
so  as  to  give  well-shaped  triangles,  through  which  each 
segment  was  computed  from  the  ascertained  distance  be- 
tween the  two  ends.  The  computations  of  the  segments 
gave  results  differing  from  the  measured  values  by  —  0.048, 
-I-  0.015  and  -I- 0.033  ft.,  while  the  length,  as  computed 
from  the  Buffalo  base,  250  miles  distant,  gave  a  differ- 
ence of  0.127  ft. 

The  Olney  base  gave  0.0214  ft.  as  the  probable  error, 
and  the  measured  length  differed  by  0.199  ft.  from  the 
value  found  by  computation  from  the  Chicago  base,  200 
miles  distant. 

As  we  have  seen,  four  different  kinds  of  apparatus  have 
been  used  during  the  progress  of  this  survey.  The  first 
two  were  too  unreliable  to  deserve  special  attention.  The 
other  two  were  constructed  upon  principles  that  had 
strong  supporters,  each  more  or  less  anxious  to  see  his 
preference  take  precedence.  The  salient  points  of  dif- 
ference were  the  substitution  of  the  the  single  tube  in 
Repsold  with  the  metallic  thermometer  and  microscopes 
for  the  two  tubes  of  the  Bache-Wurdeman  with  the  com- 
pensating lever  and  contact  level.  In  the  matter  of  time, 
the  former  requires  the  services  of  17  men,  and  measures 
an  average  of  73  tubes  a  day ;  the  latter  needs  25  men  and 
averages  78  lengths  per  day,  working  under  the  same 
auspices.  The  average  probable  error  found  in  using  the 
Repsold  apparatus  was  0.186  in.,  the  Bache-Wurdeman 
gave  0.365  in.;  a  value  relatively  twice  as  great,  though 
differing  absolutely  by  only  0.18  in. 

The  standards  used  prior  to  1876  were  two  yards  com- 
pared with  the  Ordnance  Survey  yard  by  Col.  Clarke ; 
upon  his  comparisons  depend  the  15  ft.  brass  bar  which 
was  compared  directly  with  the  base  apparatus  of  that 
length,  and  the  measurements  were  referred  to  this  brass 
bar  at  the  temperature  of  melting  ice.  When  the  Rep- 
sold apparatus  arrived,  it  was  accompanied  by  a  meter, 
to  whose  length  all  subsequent  measures  were  reduced. 
This  was  compared  with  the  standard  meter  in  Berlin  by 
Foerster.  and  afterwards  in  Paris  by  Sainte  Claire  De- 
ville,  who  gave  as  the  length  of  the  meter,  39.36985  in.  at 
57=  92  Fah.  with  .00000585  as  the  coefficient  of  expansion 
for  r  Fah. 

The  experience  regarding  theodolites  resembled  here 
that  of  other  parties — beginning  with  20  and  24-in.  circles, 
but  finding  the  size  a  disadvantage  in  the  matter  of  trans- 
portation and  nothing  in  accuracy  gained,  the  large  in- 
struments were  gradually  abandoned  and  the  size  reduced 
to  12  and  14-in.  circles  having  two  or  three  microscopes, 
and  reading  to  single  seconds  or  to  two  seconds.  Like- 
wise the  principle  of  repetition  held  sway  for  a  long  time, 
and  was  not  fully  discarded  until  1S72. 


Before  computing  distances  and  geographical  coordi- 
nates, a  large  net  of  triangles  was  so  adjusted  by  least 
squares  as  to  fulfil  the  usual  geometric  conditions  that 
the  sum  of  the  three  angles  of  a  triangle,  after  being  trans- 
formed from  a  spherical  to  a  plane  triangle,  should  be 
180",  and  that  the  angles  or  directions  should  be  the  same 
in  every  possible  combination  ;  and,  in  addition,  that  the 
length  of  each  side  should  be  the  same  when  computed 
by  every  available  route,  or  from  anji  accessible  base. 
When  the  number  of  conditions  permitted  it.  the  entire 
chain  between  and  including  two  bases  was  adjusted  as  a 
single  figure;  this,  in  one  instance,  necessitated  the  solu- 
tion of  98  equations. 

Prior  to  1864,  a  single  pole  supported  the  theodolite 
when  it  was  necessary  to  elevate  it.  surrounded  by  a  plat- 
form built  upon  a  separate  structure,  for  the  observer. 
After  this  time  it  was  found  better  to  have  an  inner  tripod 
for  the  instrument,  with  a  surrounding  scaffold.  In  one 
instance,  at  Pine  Hill,  a  tree  was  cut  off  104  ft.  from  the 
ground  for  the  theodolite  support;  this  was  4  ft.  higher 
than  the  stump  around  which  the  Great  Caspar  signal  was 
constructed.  The  highest  signal  built  was  150  ft.  high. 
On  short  lines,  a  target,  painted  white  and  black,  was  at- 
tached to  the  center  pole,  but,  when  the  distance  was  too 
great  to  allow  this  to  be  visible,  a  helioscope  was  used — in 
some  cases  a  modification  of  Gauss's  that  diminished  the 
size  of  the  pencil  of  light.  The  longest  line  was  loi  miles. 
In  all  cases  the  coordinates  of  the  center  of  the  target, 
referred  to  the  geodetic  point,  were  determined  with  the 
utmost  precision  by  plumbing  down  with  a  small  theodo- 
lite. This  geodetic  point  was  marked  in  the  same  man- 
ner as  were  the  termini  of  the  bases,  and  so  described  in 
the  record,  that  each  could  be  found. 

When  the  method  of  directions  was  employed,  only 
five  were  taken  in  a  set,  so  that  each  set  would  not  re- 
quire more  than  10  or  15  minutes.  If  there  were  more 
than  this  number  of  stations  visible,  a  new  initial  point 
would  be  selected  and  the  remaining  directions  observed. 
Sixteen  combined  results  were  usually  required  to  be 
obtained  for  each  angle,  but  sometimes  24  would  be  made. 
Great  care  was  taken  to  eliminate  instrumental  errors  : 
eccentricity,  by  reading  all  the  microscopes  ;  periodic,  or 
accidental  errors  of  graduation,  by  reading  each  angle  an 
equal  number  of  times  on  every  30°  or  less  around  the 
limb  ;  collimation,  by  reversal.  When  the  probable  error 
of  a  direction  exceeded  o".3,  it  was  regarded  with  sus- 
picion and  given  as  little  importance  as  possible  in  the 
subsequent  computations. 

The  observations  for  longitude,  latitude  and  azimuth 
were  made  in  accordance  with   the   methods  that  were 
considered  as  the  most  approved.     Though,  in  a  few  cases, 
when  telegraphic  facilities  were  not  available,  longitudes 
were  determined  by  noting  the  difference  in  local  times 
between  the  time  of  making  a  flash  of  powder  at  one  sta- 
tion and  the  time  of  observing  it  at  another.     The  differ- 
ence between  the  observed  and  computed  latitude  reached 
ii".6  as  a  maximum,  and   14''. 3   was  the  maximum  dif- 
ference in  longitude.     This  might  naturally  be   ascribed 
i    to  a  local  deflection  of  the  plumb-line,  as  so  many  of  the 
!    stations  were  on  the  shore  of  a  deep  lake  where  the  dif- 
I    ference  in  the  densities  of  the  water  on  the  one  side,  and 
I    the  hills  on  the  other  would  produce  a  noticeable  effect. 
Though  .this  work,  as  was  said  at  first,  was  prosecuted 
I    purely  in  the  interests  of  topography  and  hydrography, 
I    yet  the  accuracy  with  which  it  was  accomplished  is  such 
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that  the  results  can  be  applied  to  that  more  extended 
object  of  geodesy — the  determination  of  the  earth's  ele- 
ments. 

The  entire  triangulation  embraced  an  arc  of  11°  47' 
40",  which  gave  for  a  degree  along  the  42d  parallel  (271,- 
905.3— 69.5  f/<:M  ft.,  in  which  (/represents  the  difference  be- 
tween Clarke's  value  of  e  antl  whatever  value  may,  in  the 
future,  be  adopted.  It  was  found  that  a  degree  of  a  mer- 
idian in  the  mean  latitude  43^  41'  10"  is  364,439.3  ft.  The 
former  is  6&  ft.  more  than  Clarke's  spheroid  gives,  while 
the  latter  is  76  ft.  less. 

The  survey,  from  beginning  to  end,  passed  through 
many  stages  in  its  development ;  not  being  wedded  to  any 
particular  method,  each  was  discarded  as  soon  as  a  better 
one  presented  itself,  until  the  very  best  known  had  be- 
come incorporated.  For  this  reason,  I  know  of  no  work 
which  better  illustrates  the  growth  of  geodesy  during  the 
same  period  than  does  this  survey,  nor  a  report  that  con- 
tains so  much  of  interest  and  information  as  Comstock's 
Report  on  the  Primary  Triangulation. 


RIBBED    BOILER    TUBES. 


■  forges  of  L.  Arbel,  Ri' 


This  explanation  makes  it  clear  why,  in  a  locomotive, 
tubes  of  4  meters  (157K  in.)  in  length  produce  almost  as 
much  steam,  other  circumstances  being  equal,  as  tubes  of 
6  meters  (236 '4^  in.).  This  shows  very  clearly  the  neces- 
sity of  obtaining  the  heat  which  exists  in  the  center  of  the 
tube,  and  it  is  this  which  has  led  M.  j.  Serve,  of  Givors 
(Rhonei.  to  seek  for  an  increase  in  the  surfaces  of  con- 
tact. 

He  has  reached  this  end  by  substituting  for  the  ordinary 
smooth  tube,  a  tube  carrying  inside  longitudinal  ribs,  and 
to  this  he  has  given  the  name  of  ribbed  or  tinned  tube 
(tube  a  ailerons).  He  has  thus  been  able  to  utilize  a  much 
greater  proportion  of  the  heat  of  the  gases,  as  we  shall 
show  later. 


,  Fran 


I.\  tubular  boilers,  even  the  most  nearly  perfect,  such  as 
the  locomotive  boiler,  there  is  still  a  considerable  loss  of 
heat  in  consequence  of  the  insufficient  absorption  of 
caloric. 

This  loss  of  heat  takes  place  notwithstanding  the  great 
increase  of  the  heating  surface.  This  fact  is  explained  by 
the  enormous  quantity  of  gas  which  passes  through  the 
tubes  without  coming  in  contact  with  their  walls. 

The  raiiating  power  of  gas  being  almost  nothing,  it 
follows  that  the  transmission  of  heat  can  only  be  made  by 
contact.  The  solution  of  the  problem  then  is  in  the  in- 
crease of  the  surface  of  contact. 

In  his  Treatise  on  Heat,  Petiet  says  : 

•'  The  transmission  of  heat  can  be  increased  by  another 
proceeding,  which  has  not  been  put  in  practice,  but  which, 
in  certain  cases,  might  be  very  efficacious.  We  have  seen 
that,  for  the  transmission  of  heat  through  a  plate,  it  is 
necessary  to  distinguish  the  absorption  by  one  of  the  sur- 
faces, the  emission  by  the  other  and  the  conduction 
through  the  thickness  of  the  metal ;  under  ordinary  cir- 
cumstances the  quantity  of  heat  which  the  metal  is  able 
to  transmit  is  much  greater  than  that  which  it  has  to 
transmit.  It  follows  from  this  that,  if,  instead  of  using 
plates  made  in  different  ways,  we  should  use  plates 
traversed  by  ribs  or  bars  projecting  a  certain  distance  into 
the  two  fluids,  gaseous  and  liquid,  one  of  which  is  to  im- 
part heat  to  the  other,  in  thus  increasing  the  extent  of 
surface  in  contact  with  the  two  fluids  we  would  largely  in- 
crease the  ellect  produced." 

M.  Ledieu  says,  in  his  work  on  marine  boilers  : 
"  Tubes  of  small  diameter,  like  those  used  in  boilers, 
have  the  advantage  of  presenting,  with  the  same  total 
cross  area,  a  much  greater  heating  surface,  but  they  do 
not  absorb  as  much  heat  as  their  total  extent  and  the 
high  conducting  power  of  the  metal  would  make  us  sup- 
pose. 

"The  gases  which  enter  the  tubes  run  in  parallel  lines 
to  the  outlet ;  those  parts  of  the  gas  which  are  in  contact 
with  the  surface  of  the  tube  are  well  cooled,  but,  as  they 
form  always  the  exterior  part  of  the  gaseous  stream,  they 
constitute  a  surface  or  wrapper  with  very  little  conducting 
power  for  the  heat  of  the  gas  which  is  in  the  central  part 
of  the  tube,  and  linally  the  total  mass  reaches  the  chim- 
ney without  parting  with  a  sufficient  quantity  of  its  heat." 


The  conducting  power  of  the  metal  transmits  imme- 
diately to  the  surface  of  the  tube  the  heat  from  the  con- 
centric layers  in  the  same  tube.  It  follows  that  the  power 
of  vaporization  is  increased  in  very  large  proportion. 
The  quantity  of  heat  absorbed  (we  speak  only  of  that 
which  would  otherwise  be  lost)  is  proportional  to  the 
number  of  ribs  and  their  projection  into  the  tube.  The 
number  of  ribs  arranged  regularly  around  the  tube  may 
be  8  in  tubes  of  50  millimeters  (2  in.)  diameter- or  less, 
and  10  in  tubes  of  greater  diameter;  their  projection  into 
the  interior  of  the  tube  from  8  to  15  millimeters  (i\  to  -^ 
in.)  and  their  thickness  from  2  to  3  millimeters  (^V  to  }'% 
in).  The  accompanying  cuts,  figs,  i  and  2,  show  two 
specimen  tubes,  one  of  about  2  in,  and  one  of  3>^  in.  diam- 
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eter.  The  dimensions  given  on  the  cuts  are  in  milli- 
meters. 

Under  these  conditions  the  manufacture  of  the  tubes 
will  present  no  difficulty,  and  the  price  will  l)e  only 
slightly  greater  than  that  of  the  ordinary  smooth  tubes 
(La  Socieie  Industrielle  et  Conimerciale  des  Metaux  has 
already  delivered  a  number  to  the  inventor,  and  is  negoti- 
ating with  him  for  the  e.xclusive  right  to  manufacture 
them). 

We  can  also  add  that  these  tubes  can  be  cleaned  out 
as  easily  as  the  ordinary  tubes  by  means  of  the  tube- 
brush. 

It  will  also  be  possible  in  case  of  wear  in  the  end  near 
the  fire-box  to  piece  out  these  tubes  with  an  ordinary  tube 
of  the  same  diameter,  without  sensibly  diminishing  the 
useful  effect. 

Certain  experiments  were  made  by  M.  Hounardel  in  the 
tubular  boilers  of  his  steamboat,  Le  lioui-don,  plying  on 
the  Rhone  between  Lyons  and  St.  Louis.  The  tubes  used 
in  this  case  were  of  100  millimeters  (3];;  in.)  diameter  out- 
side and  3.5  millimeters  (]i  in.)  in  thickness.  The  tubes 
have  8  ribs  having  13  millimeters  projection,  3.5  thick  at 
the  base  and  2.5  at  the  point.  (Some  of  the  details  of 
this  experiment  are  omitted  as  not  necessary  to  a  compre- 
hension of  the  results.) 

The  boiler  was  first  used  with  new  tubes  of  the  ordinary 
smooth  kind,  of  copper.  Put  in  service,  it  vaporized  6.930 
kilogrammes  of  water  to  the  kilogramme  of  fuel  used.  The 
smooth  tubes  were  then  replaced  by  ribbed  tubes  of  the 
new  system  and  the  boiler  vaporized  9.338  kilogrammes 
of  water  to  the  kilogramme  of  fuel — the  fuel  used  being 
of  the  same  kind  and  taken  from  the  same  lot  as  in  the 
first  trial. 

In  this  case  the  saving  was  35  per  cent.,  but  it  may  be 
observed  that  in  this  boiler  the  heating  surface  of  the 
tubes  was  only  6%  times  that  of  the  fire-box,  while  in 
locomotives  it  is  8,  10  or  even  12  times  as  great.  From 
the  time  the  boiler  was  started  up  it  was  easy  to  see  that 
the  economy  would  be  considerable.  In  fact,  in  working 
with  the  smooth  tubes,  the  sheet-iron  base  of  the  smoke- 
stack burned  paper  held  against  it,  while  with  ribbed  tubes 
the  paper  was  uninjured. 

In  the  second  trial  made  in  the  boilers  of  the  steam- 
boat Le  Bourdon,  one  voyage  was  made  going  and  return- 
ing with  each  of  the  systems  of  tubes. 

With  the  smooth  tubes  the  gases  of  combustion  escaped 
into  the  smoke-stack  at  a  mean  temperature  of  360"  Cen- 
tigrade (680°  Fahrenheit!  measured  by  a  Shaefifer  & 
Budemberg  pyrometer,  and  sometimes  reached  a  tem- 
perature of  450°  Cent.  (842'  Fahr.).  A  ball  of  lead  intro- 
duced in  an  iron  cage  into  the  smoke-box  melted  quickly. 

With  the  ribbed  tubes  the  mean  temperature  of  the 
escaping  gases  was  240°  Cent.  (464°  Fahr.)  and  the  lead 
ball  did  not  begin  to  melt,  which  shows  that  the  temper- 
ature never  rose  to  the  point  at  which  lead  melts  (330° 
Cent.). 

The  fuel  consumed  in  the  voyage  with  the  ordinary  tubes 
was  45,000  kilogrammes;  with  the  ribbed  tubes,  34,150; 
showing  a  saving  of  10,850  kilogrammes,  or  24  per  cent. 

It  must  be  remembered  that,  in  a  steamboat  voyage,  as 
with  a  locomotive,  the  factors  making  up  the  resistance 
are  numerous  and  are  not  often  the  same.  The  surest 
means  of  realizing  the  economy  secured  by  the  ribbed 
tubes  is  to  take  the  temperature  of  the  gases  at  their 
entry  into  the  smoke-box  ;  in  this  way  no  error  is  possible. 


The  tubes  used  in  boilers  by  the  Compagnie  Generale 
I  de  Navigation  were  of  so  large  a  diameter  (100  millimeters 
or  nearly  4  in.)  that  they  could  hardly  be  available  for  the 
complete  utilization  by  the  ribs  of  the  heat  produced  in 
the  lire-box.  With  so  large  a  diameter  it  was  difficult  to 
give  the  ribs  sufficient  Bjojection  to  enable  them  to  draw 
out  the  heat  from  the  center  of  the  tube.  There  was  in 
the  use  of  these  large  tubes  what  may  be  called  an  injuri- 
ous or  useless  space,  the  ribs  having  too  little  projection. 
The  tubes  of  marine  boilers,  on  the  other  hand,  vary 
from  70  to  85  millimeters  (2^  to  3}^  in.)  diameter,  and 
locomotive  tubes  have  not  more  than  50  millimeters  (2 
in.).  In  th?se  the  ribs  can  easily  be  made  with  sufficient 
projection  to  reduce  the  useless  space  to  the  smallest 
possible  limits,  and  with  these  a  closer  approach  can  be 
made  to  a  theoretically  perfect  utilization  of  the  heat. 

Experiments   made  by  M.  Serve  with   apparatus  made 
for  the  purpose  and  so  arranged  that  heat  could  be  trans- 
I    mitted  only  through  the  ribs,  the  wall  of  the  tube  between 
j    the  ribs  being  carefully  isolated,  still  showed  very  favor- 
able results  in  favor  of  the  ribbed  tube. 

The  experiments  made  by  Graham  and  Petiet  show 
that  the  efficacy  of  the  heating  surface  of  tubes  decreases 
very  rapidly  as  they  approach  the  smoke-box,  and  show, 
consequently,  the  uselessness  of  long  tubes. 

Only  a  very  great  increase  of  heating  surface  will  make 

j    it  possible  to  absorb  the  heat  of  gases  at  a  comparatively 

'    low  temperature.     The  following  calculations  show  that 

I    this  increase  can  only  be  obtained  by  ribbed  tubes,  with- 

[    out  any  other  change  in  boilers.     In  the  table  below  the 

heating  surface   is  calculated  on  the  exterior  diameter  of 

the  tubes,  while  the  section  for  the  passage  of  the  gases 

is  calculated  on  the  interior  diameter.     The  thickness  of 

the  tubes  is  taken  at  2  millimeters  in  each  case  and  their 

length    at   4   meters ;    the    interval   between   each   tube. 

whatever  the  diameter,  remains  the  same,  being  taken  at 

20  millimeters. 


PLAIN   TUBES. 


Diameter. 

No.  of  tubes. 

Total  surface 
of  tubes. 

Interior  section 

Exterior. 

Interior. 

Millimeters. 
40 

Millimeters. 

245 
353 

Sq.  meters. 

123 
■33 

Square  meters. 
0.2989 

RIBBED  TUBES. 


These  comparisons  show  that,  with  smooth  tubes,  if  we 

i    replace  iSo  tubes  of  50  millimeters  diameter  by  353  of  30 

diameter  (occupying  the  same  surface  as  the  preceding) 

we  only  gain  20  square  meters  of  heating  surface,  while 

we  lose  on  the  other  hand  o.ii  square  meter  of  section 

;    out  of  0.30,  or  more  than  a  third. 

By  changing  plain  tubes  for  ribbed  tubes  we  double  the 
heating  surface  and  lose  only  0.025  square  meter  of  sec- 
tion, or  about  one-fifteenth. 

These  figures  require  no  comment  and  show  the  great 
superiority  of  the  ribbed  tubes. 

In  conclusion,  it  is  claimed  that,  with  the  ribbed  tubes, 
there  will  be  a  more  complete  utilization  of  the  heat  and 
more  rapid  steaming.  In  locomotives,  consequently,  larger 
blast  nozzles  can  be  used  and  a  freer  exhaust  allowed. 
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reducing  the  back-pressure.  As  it  will  not  be  necessary 
to  drive  the  fire  and  hasten  the  disengagement  of  steam, 
there  will  be  less  trouble  from  wet  steam.  The  gases  of 
combustion  being  drawn  through  the  tubes  at  lower 
speed,  there  will  be  less  drawing  of  cinders  into  the  tubes, 
and  less  cleaning  will  be  required.  The  gases  will  reach 
the  smoke-bo.x  at  a  lower  temperature. 

The  ribs  will  increase  the  strength  of  the  tubes,  and  all 
support  in  the  center  can  be  dispensed  with  ;  this  support 
or  bracing  is  a  frequent  cause  of  wear.    As  the  tubes  can 


side  of  the  lower  one.  As  the  side  has  very  little  strength 
to  resist  the  momentum  of  the  train  under  these  condi- 
tions, a  slight  concussion  will  cause  a  serious  accident. 
If  the  floor  timbers  of  the  cars  could  be  kept  in  line,  that 
is.  if  the  one  car  could  be  prevented  from  raising  up 
above  the  other,  then  the  whole  strength  of  the  longi- 
tudinal sills  would  resist  the  force  of  the  collision.  Some 
rough  diagrams  were  published  with  the  article  referred 
to,  showing  how  the  "  horn  timbers,"  which  are  used  in 
connection  with  the  Blackstone  platform,  keep  the  floors 


SECTION   THROUGH   CENTRE. 
THE   BLACKSTONE   PLATFORM    AND   COUPLER    FOK    PASSENGER-CARS. 


be  made  shorter,  the  effects  of  expansion  and  compression 
will  be  less  felt. 

The  use  of  these  tubes  in  marine  boilers  will  diminish 
the  quantity  of  coal  which  it  is  necessary  to  carry  for  a 
voyage,  thus  increasing  the  cargo  space. 

In  short,  the  economy  resulting  from  the  use  of  these 
tubes  will  be  considerable,  in  all  the  applications  which 
mav  be  made  of  them. 


BLACKSTONE'S  CAR-PLATFORM  AND  COUP- 
LING. 

In  an  article  in  the  February  number  of  the  Journal, 
on  "  Heating  Cars,"  attention  was  called  to  the  fact  that 
in  collision  the  floors  of  one  car  usually  mounts  above  that 
of  the  other,  and  the  upper  car  then  crushes  through  the 


of  adjoining  cars  in  line  with  each  other.  In  order  to 
show  the  construction  of  this  platform  more  perfectly, 
the  engravings  herewith  have  been  made  from  a  drawing 
for  which  we  are  indebted  to  Mr.  Wm.  Wilson,  Superin- 
tendent of  Machinery  of  the  Chicago  &  Alton  Rail- 
road. 

The  engravings  will  require  but  little  e.xplanation.  As 
will  be  seen,  their  cars  are  equipped  with  two  draw-bars 
to  couple  with  others  of  a  different  height  from  those 
used  on  the  Chicago  &  Alton  Railroad.  The  feature, 
though,  to  which  especial  attention  was  called  in  the  Feb- 
ruar)'  number  of  the  Journal,  was  the  "  horn  timbers  " 
./  -J,  which  are  bolted  below  the  sills  of  the  car  and  ex- 
tend back  to  the  transom  or  bolster.  These  timbers  are 
strengthened  with  truss-rods  //.which  can  be  made  of 
any  required  strength.     The  relative  position  of  the  horn 
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timbers  .1'  A'  of  the  adjoining  car  is  shown  by  dotted 
lines  in  fig.  i. 

These  horn  timbers  could  be  used  with  almost  any  kind 
of  self-coupler. 

A  common  impression  prevails  that  Miller  platforms 
are  an  effectual  preventative  of  telescoping.  Many 
accidents  have  shown  that  such  is  not  the  case.  The 
Miller  platform  has  very  little,  if  any  more,  capacity  to 
resist  concussion  if  the  cars  are  not  kept  in  line  with  each 
other  than  the  old-fashioned  car  frames  had.  The  only 
thing  which  prevents  cars  with  Miller  platforms  from 
mounting  on  top  of  each  other  in  collisions  is  the  draw- 
hook,  and  this  is  usually  so  insecurely  fastened  that  it  has 
comparatively  little  strength.  The  "  horn  timbers  "  which 
Mr.  Blackstone  has  devised  can  be  made  with  any  amount 
of  strength,  and,  it  is  believed,  would  do  as  much  to  pre- 
vent telescoping  as  the  Miller  platform  has  or  will.  Prob- 
ably a  good  many  more  lives  will  be  sacrificed  before  the 
value  of  Mr.  Blackstone's  device  will  be  generally  recog- 


as  thereby  to  keep  the  feet  of  the  passengers  comfortably 
warm,  and  the  whole  atmosphere  of  the  compartment  at 
an  agreeable  temperature.  He  uses  water  as  the  medium 
for  transmitting  the  heal  of  the  gas  flame  from  the  one 
place  to  the  other.  A  boiler  is  placed  in  the  roof  of  the 
carriage  over  the  flame  of  the  gas  lamp.  It  is  of  very 
simple  construction,  and  the  principle  on  which  the  heater 
works  is  that  the  heat  from  the  flame  comes  into  contact 
with  the  boiler  at  the  point  where  the  water  is  hottest  and 
leaves  it  where  it  is  coldest.  From  this  boiler  there  de- 
scend two  pipes  about  ;+  in.  in  diameter,  which  are  con- 
nected to  two  annular  tubes  placed  underneath  the  carriage 
seat.  The  course  which  the  two  pipes  take  is  down 
through  the  wooden  partition  separating  the  contiguous 
compartments.  Hot  water  circulates  through  these  pipes 
and  annular  tubes,  and  it  returns  to  the  boiler  after  hav- 
ing given  off  its  heat.  The  reversal  of  the  current  is  ac- 
complished by  allowing  the  hot  water  from  the  boiler  to 
ascend  in  a  tube  a  few  inches  in  length,  on  the  top  of 
which  there  is  a  small  valve.  Having  passed  up  this  tube, 
and  being  unable  to  return  to  the  boiler,  the  hot  water  is 
made  to  circulate  downward  through  the  pipes.  The  an- 
nular tubes  already  referred  to  are  about  3>^   in.  in  diam- 


i  HORN  TIMBER. 


nized.  It  would  not  require  very  great  prescience  to 
prophesy  that  one  or  more  horrible  accidents  will  occur  in 
the  not  very  remote  future,  m  which  a  good  many  lives 
will  be  sacrificed  and  which  will  cause  inexpressible  suf- 
fering; all  of  which  might  be  prevented  by  the  adoption 
of  the  simple  device  illustrated  in  the  engravings,  and 
which  any  company  is  now  at  liberty  to  use. 


A  Ne\ 


System  of  Heating  Railway  Carriages. 


(From  En,^i 


The  efficient  and  economic  heating  of  railway  carriages 
in  northern  climates  has  long  been  a  vexed  question,  and 
many  inventors  have  endeavored  to  solve  it ;  but  the  suc- 
cess which  has  hitherto  attended  their  efforts  has  in  most 
instances,  been  of  a  qualified  character.  It  is  satisfactory 
to  know,  however,  that  there  is  now  a  prospect  of  the  ob- 
ject aimed  at  being  attained  in  a  thoroughly  successful 
manner.  In  this  case  the  inventor  is  Mr.  William  Foulis, 
M.  Inst.C.  E..  the  Manager-in-Chief  to  the  Glasgow  Cor- 
poration as  Commissioners.  That  gentleman  has  de- 
voted much  attention  during  the  past  year  or  two  to  the 
practical  utilization  of  coal  gas  as  a  heating  agent,  and 
more  especially  in  devising  various  ingenious  forms  of 
water-heaters  of  almost  instantaneous  action.  His  new- 
est invention  involves  a  further  application  of  the  same 
principles  as  are  turned  to  account  in  his  water  heaters 
for  domestic  and  other  purposes. 

In  applying  his  skill  to  the  heating  of  railway  carriages 
Mr.  Foulis  takes  advantage  of  the  fact  that  large  numbers 
of  them  are  already  fitted  with  various  forms  of  gas  lamps 
for  supplying  light  ;  and  his  aim  has  been  to  bring  the 
heat  that  is  developed  in  the  roof  of  the  carriage  while 
the  gas  is  alight  down  to  the  floor  of  the  compartment,  so 


eter,  and  about  8  in.  long.  They  are  laid  at  an  angle 
under  the  seat,  the  upper  end  being  raised  as  far  as  prac- 
ticable. The  pipe  which  conveys  the  hot  water  is  con- 
nected to  the  top  of  these  tubes,  and  that  which  carries 
the  return  current  is  connected  with  the  bottom  of  the 
same. 

Owing  to  the  fact  that  the  tube  is  placed  at  an  angle 
and  that  it  is  heated,  an  induced  current  of  air  is  made 
to  pass  through  it  ;  and  as  the  air  enters  the  tube  at  the 
cold  end  and  leaves  it  at  the  hot  end,  it  absorbs  the  maxi- 
mum amount  of  heat  from  the  water.  The  air  flows  from 
these  tubes  or  heaters  in  a  constant  stream  at  a  tempera- 
ture of  from  So'  to  90  .  It  has  been  found  that  the  ordi- 
nary size  of  gas  flame  is  quite  sufficient  to  do  the  heating 
of  a  compartment,  though  the  consumption  of  gas  is  less 
than  one  cubic  foot  per  hour,  and  even  during  the  coldest 
davs  of  winter. 

We  may  mention  that  the  carriage  used  is  a  composite 
one  of  four  compartments,  the  property  of  the  Glasgow 
&  Southwestern  Railway  Company.  The  internal  con- 
struction of  the  carriage  was  entirely  rearranged  underthe 
superintendence  of  Mr.  Foulis.  During  the  past  two 
months  or  so  numerous  experimental  runshavebeen  made 
with  this  carriage  as  part  of  a  regular  passenger  train, 
several  of  them  being  to  and  from  Carlisle.  On  one  or  two 
occasions  the  patentee  has  been  accompanied  by  Mr. 
Smillie,  Locomotive  Engineer,  and  other  leading  officials 
of  the  Glasgow  &  Southwestern  I^ailway  Company  ;  and 
in  all  cases  they  have  expressed  themselves  as  highly  satis- 
fied with  the  results  achieved  by  Mr.  Foulis.  The  present 
writer  had  the  pleasure  of  joining  in  one  of  the  runs  from 
Kilmarnock  to  Carlisle  and  back  when  the  weather  was 
wintry  in  the  extreme,  all  the  hills  for  many  miles  being 
covered  with  snow.  Inside  the  carriage  the  temperature 
was  most  agreeable,  and  in  marked  contrast  to  the  out- 
side. A  thermometer  hung  in  the  compartment,  in  which 
there  were  only  three  persons,  never  fell  below  52",  and 
the  extent  of  the  range  was  only  2\  On  other  occasions 
the  temperature  ranged  from  56    to  60°. 
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Of  course,  in  carriages  lieated  on  the  Foulis  system 
the  gas  must  be  constantly  burning— by  day  as  well  as  by 
night ;  but  if  heating  for  the  comfort  of  the  passengers  is 
to  be  done  it  matters  not  though  the  heat  is  obtained 
from  a  luminous  flame,  providing  that  it  is  comparatively 
inexpensive.  In  this  case  it  is  remarkably  economical, 
while  as  soon  as  darkness  sets  in  the  gas  flame  does  double 
duty,  providmg  both  heat  and  light.  So  far  as  can  be 
seen  at  present,  it  must  be  unhesitatingly  declared  that 
Mr.  Foulis  has  made   a   most    important    in\-cntion  ;  and 


Mr,  John  W.  Cloud,  Superintendent  of  Machinery  of  the 
New  York.  Lake  Erie  &  Western  Railroad. 

It  consists  of  a  plate,  fig.  3,  with  notched  or  serrated 
edges,  which  is  inserted  between  the  rim  of  the  wheel- 
center  and  tire  before  the  tire  is  shrunk  on,  and  is  firmly 
clamped  between  them  by  the  contraction  of  the  tire. 
This  plate  is  made  broader  than  the  contact  surfaces  of 
the  tire  and  wheel-center,  so  that  the  projections  on  the 


Fig.  I 


Fig.  2 


Fig=  3 


cloud's  method  of  fastening  steel  Tin 


much  credit  is  due  to  the  directors  of  the  Glasgow  & 
Southwestern  Railway  Company  for  giving  him  facilities 
to  enable  him  to  bring  it  to  its  present  perfect  stage. 


CLOUD'S    METHOD    OF    FASTENING   STEEL 
TIRES. 


The  engravings  represent  a  method  for  fastening  steel 
tires  on  car-wheels,  which  has  recently  been  patented  by 


edges  can  be  bent  over,  as  shown  in  tigs,  i  and  2.  The 
metal  strip  then  performs  the  double  function  of  prevent- 
ing the  tire  from  slipping  laterally  on  the  wheel-center, 
and  of  preventing  it  from  moving  radially  away  from  it 
when  fractured. 

This  plan  provides  a  very  simple  and  cheap  method  of 
securing  tires  to  the  wheels.  Mr.  Cloud's  address  is 
Buffalo,  N.  Y. 
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Painting  Signals  in  France. 

The  Revue  Gc'nera/e  ties  Chemins  tie  Fer  of  recent  date, 
says  that  as  the  result  of  numerous  trials,  begun  four 
years  ago  in  its  shops  at  Ermont,  the  Northern  Railroad 
Company  has  just  issued  rules  intended  to  secure  fixed 
colors  and  durability  in  the  painting  of  its  signals  : 

"The  different  colors  used  are  red,  white,  black,  green, 
yellow  and  violet,  which  should  be  mi.xed  in  the  liquid 
composed  of  oil,  essence,  dryer  and  varnish  in  fixed  pro- 
portions, by  weight  (which  it  is  not  necessary  to  repeat 
here,  especially  as  the  formukc  for  the  liquid  and  the 
colors  are  not  given). 

"  To  paint  with  one  coat,  and  to  cover  with  a  coat  of 
varnish  the  different  signals,  the  following  materials  are 
employed  : 

"  I.  Distant  Signals:  no  grammes  red  paint  (mixed), 
65  grammes  white  paint,  30  grammes  black  paint  and  50 
grammes  varnish. 

"2.  Stop  Signal:  60  grammes  red  paint,  135  grammes 
white  paint,  35  grammes  black  paint  and  55  grammes 
varnish. 

"3.  Round  Cautionary  Signals:  65  grammes  green 
paint,  65  grammes  white  paint,  30  grammes  black  paint 
and  35  grammes  varnish. 

"4.  Junction  Signal:  40  grammes  green  paint,  145 
grammes  white  paint  and  55  grammes  varnish. 

"  5.  Direction  Signal :  50  grammes  violet  paint,  220 
grammes  white  paint,  15  grammes  black  paint  and  75 
grammes  varnish. 

"6.  Switch  Signal  :  25  grammes  green  paint  and  10 
grammes  varnish. 

"7.  Large  Semaphore  Arm  :  75  grammes  red  paint,  65 
grammes  white  paint  and  30  grammes  varnish. 

"  8  Small  Semaphore  Arm :  35  grammes  yellow  paint 
and  20  grammes  varnish." 


TERRACE  PARK  STATION,  BUFFALO,  N.  Y. 

The  two  full-page  engravings,  with  this  number  of 
The  Journal,  represent  the  front  and  rear  elevations  and 
plan  of  a  new  station,  which  is  now  in  progress  for  the  New 
York  Central  &  Hudson  River  Railroad  in  Buffalo,  N.  Y. 
The  main  building  is  27  x  1 39  ft.,  with  an  entrance  vestibule 
17  X  17  ft.  The  waiting  room  is  19x65  ft.  The  platform 
sheds  extend  about  150  ft.  on  either  side  of  the  building 
and  uncovered  platform  700  or  800  ft.  beyond.  The  level 
of  Upper  Terrace  Street  is  above  the  track,  and  the 
station  is  approached  by  a  bridge  across  the  track,  which 
enters  the  second  story  of  the  tower. 

The  material  is  a  local  stone,  brick  and  terra  cotta. 

The  building  was  designed  by  R.  H.  Robertson  and 
A.  D.  Manning.  Associated  Architects,  of  New  York  City. 


Bids  for  Steel  Gun-Forgiijgs  and  Armor-Plates. 

A  BRIEF  note  was  made  last  month  of  the  opening  of 
bids  for  steel  gun-forgings  and  armor-plates.  The  Secre- 
arj'  of  the  Navy  has  issued  the  following  list  of  the  prices 
offered  : 

PROPOS.\LS    FOR   .STEEL   GUN-FORGINGS. 


Kind  of  foreing.  ^ 

Tubes  .ind  jackets  for  6  in.  breech 

loading  rifle    ^6  418 

Tubes  and  lackets  lor  S-in.  brcech- 

loadint;  rifle 31  804 

Tubes  and  jackets  for  lo-in.  breech 

loading  rifle 426.888 

Tubes  and  jackets  lor  i2-in.  breech- 
loading  rifle 59.470 

Hoops  for  6-in.  and   S-in.   breech- 
loading  rifle 140-474 

Hoops  for  10-in  breech-loading  rifle.        330.024 
Hoops  for  i2-iQ.  breech-loading  rifle  49.7'^6 

Trunnion-bands 15.292 

Plugs  and  mushrooms  for  all  cali- 
bers   20.864 

Total  price 3 


S672.00 
7.6.80 
761.60 
806.40 


672.00         800 

i;68o 

672.00      650 

885 

,250.79  $851,513 

.397,240 

I'ROPOSALS    FOR   STEEL    ARM(JK-PLA  1  E.S. 

Cleveland 

Bethlehem  Kollini; 

Iron  Co.  Mill  Co. 

Estimated  Price  per  Price  per 

Kind  of  material.                                 tons  tun.  ton. 

Side  armor  for /'wr/Vrtw 734-7  $510  $600 

Side  armor  for  .4 /«/AiVr//f  and  class 1,066.3  510  600 

Turrets  and  pilot  houses  fo^  monitors..           ^^35.^  S7S  600 
Smoke-pines  and  venlilatoiWor  4  moni- 
tors            266.3  575  600 

Armor  for  breastworks  for  2  armored  ves- 
sels              680.0  575  loo 

Armor  for  turrets,  conning  towers  and 
ammunition  tubes  for  2  armored  ves- 
sels            485.0  575  600 

Part  of  side  armor  for  2  armored  vessels.          364.0  500  600 

468.0  575  600 

"                      "                        272.0  600  600 

■*                    "                     "                        196.0  600  600 

Rolled  plates,  protective  deck  armor  and 

gun  shields 1,135.0  490  600 

Turret  and   side  armor-bolts  and  steel 

accessories 18. .0  650  600 

Small  armor  bolts,  steel 6.0  650  600 

Tubing  and  washers,  wrought-iron 12.0  iSo  6oq 

Total  price $3,610,707     $4,021,560 

The  contract  tor  both  armor-plates  and  gun- steel  was 
formally  awarded  to  the  Bethlehem  Iron  Company,  April 
14.  The  Secretary  of  the  Navy  makes  the  following 
statement  in  explanation  of  the  award  :  "The  Bethlehem 
Iron  Company  is  the  only  bidder  for  the  whole  contract. 
The  theory  of  the  advertisement  was  that  the  Govern- 
ment wanted  the  lowest  price  for  the  whole  work  (paying 
more  or  less  for  one  or  the  other  being  immaterial,  so  long 
as  the  entire  job  is  obtained  at  the  Iciwest  total  price), 
the  total  sum  for  the  whole  job  being  the  material  thing. 
With  this  view  the  advertisement  was  framed  so  as  to 
obtain  the  largest  range  of  bidding,  allowing  a  person  to 
bid  for  either  or  for  both;  but  the  total  sum  which  the 
whole  should  cost  the  Government  being  the  matter  alone 
to  be  considered.  The  two  lowest  separate  bids  for  the 
two  classes  being  that  of  the  Cambria  Iron  Company  for 
the  gun  steel  and  the  Cleveland  Rolling  Mill  Company 
for  the  armor-plate  amount  to  $4,873,073.  That  of  the 
Bethlehem  Iron  Company  for  tlie  same  classes  amounts 
to  $4,512,938.  They  are  the  lowest  bidders  for  the  work 
by  the  sum  of  $360,135.  Since  the  bidding  has  taken 
place  the  Bethlehem  Company  has  offered  to  reduce  the 
prices  on  the  gun-steel,  so  as  to  make  that  company  the 
lowest  bidder  for  each  of  the  separate  classes.  This  may 
be  done  under  the  circumstances,  although  I  should  not 
permit  it  if  I  did  not  consider  them,  on  other  grounds, 
entitled  to  the  award." 


The  New  War-Ships. 


In  Washington,  early  in  .April,  the  designs  presented  for 
the  two  new  armored  ships  authorized  the  act  of  August 
3,  1886.  were  opened  by  the  Secretary  of  the  Navy.  One 
of  these  vessels  was  to  be  an  armored  cruiser,  the  other  a 
battle-ship,  and  the  general  features  of  each  type  were  to 
be  as  follows  : 

The  armored  cruiser  was  to  have  a  double-bottomed 
steel  hull,  unsheathed  and  divided  into  numerous  water- 
tight compartments,  fitted  with  a  powerful  pumping  ap- 
paratus, and  finished  with  a  perfect  drainage  and  ventila- 
tion svstem  throughout.  She  was  to  be  fitted  with  a  ram- 
bow  and  was  to  have  a  steel-armored  deck  which  would 
run  the  whole  length  of  the  ship  and  cover  the  boilers, 
engines  and  magazines.  Two-thirds  full  sail  power  was 
required  on  two  or  three  masts,  each  with  a  protected  top, 
carrying  one  or  more  machine  or  rapid-fire  guns. 

The  mam  battery  was  to  have  four  lo-in.  guns,  each 
weighing  26;^  tons,  and  six  6-in.  guns  each  weighing  5 
tons.  The  secondary  battery  was  to  be  composed  of  four 
6-pounder,  four  3-pounder,  and  two  i -pounder  Hotchki.ss 
rapid-fire  guns,  four  47-minimeters  and  four  37-milli- 
meters  Hotchkiss  revolving  cannon,  and  four  Gatling 
guns.  The  vessel  was  to  be  equipped  with  a  torpedo  and 
search-light  outfit,  and  the  guns  were  to  be  so  arranged 
as  to  obtain  for  bow  and  stern  fire  the  greatest  horizontal 
and  vertical  command  consistent  with  other  essential  con- 
ditions. The  lo-in.  guns  were  to  load  in  at  least  two 
positions,  and  were  to  be  served  and  handled  by  power. 
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and  protected  by  at  least  10 }4  in.  of  steel  armor,  properly 
backed,  while  the  6-in.  guns  were  to  be  efficiently 
shielded. 

The  motive  machinery  was  to  be  below  the  armored 
deck  and  well  covered  from  hostile  fire,  and  the  ship  was  to 
be  driven  by  twin  screws.  When  fully  equipped  and  with 
all  weights  on  board,  excluding  the  reserve  coal,  she  was 
to  maintain  17  knots  speed  per  hour  over  the  measured 
mile.  The  coal  endurance  had  to  be  large,  the  consump- 
tion economical,  and  the  distance  to  be  covered  at  mod- 
erate speed  as  great  as  practicable.  The  furnaces  were  to 
be  arranged  to  work  with  forced  draught  when  desired, 
air  for  combustion  being  furnished  independently  of  the 
ventilating  system.  Quarters  had  to  be  provided  for  270 
officers  and  men,  with  provisions  for  three  months  and 
water  for  one  month.  The  ship  was  required  to  have 
arrangements  for  being  steered  either  by  power  or  by 
hand  from  several  independent  positions  upon  and  below 
the  deck.  A  sufficient  number  of  boats  to  carry  the 
crew  were  to  be  furnished,  two  of  them  being  second- 
class  torpedo  boats  and  two  others  steam  launches  or 
cutters,  each  of  which  was  able  to  mount,  shielded,  one  3- 
pounder  rapid-tire  gun.  These  conditions  were  to  be 
fulfilled  at  a  ma.ximum  draught  of  22  ft.  and  on  a  displace- 
ment of  about  6.000  tons. 

The  armored  battle-ship  was  to  have  an  unsheathed, 
double-bottomed,  steel  hull,  divided  into  numerous  water- 
tight compartments,  fitted  with  a  complete  and  powerful 
pumping  system,  and  supplied  with  drainage  and  ventila- 
tion throughout.  A  ram  bow  and  a  steel-armored  deck 
running  the  whole  length  of  the  ship  and  protecting  the 
boilers,  engines  and  magazines  were  essential  features,  as 
well  as  one  or  two  military  masts,  each  with  a  protected 
lop  carrying  machine-guns.  The  main  battery  was  to  be 
two  12-in.  guns,  each  weighing  46;,  tons,  and  sl.x  6-in. 
guns,  each  weighing  5  tons ;  and  the  secondary  battery 
was  to  consist  of  four  6-pounder,  si.x  3-pounder,  two  i- 
pounder,  all  Hotchkiss  rapid-fire  guns,  four  47-millimeter 
and  four  37-millimeter  Hotchkiss  revolving  cannon  and 
four  Catling  guns. 

All  the  machinery  was  to  be  below  the  armored  deck, 
well  covered  from  hostile  fire,  and  the  ship  was  to  be 
driven  by  twin  screws.  When  fully  equipped  and  with  all 
her  weights  on  board,  not  including  the  reserve  coal,  she 
was  to  maintain  a  speed  of  at  least  17  knots  per  hour  over 
the  measured  mile.  Quarters  were  to  be  provided  for  270 
officers  and  men,  with  provisions  for  three  months  and 
water  for  one  month,  and  the  ship  was  to  be  capable  of 
being  steered  either  by  steam  or  hydraulic  power,  or  by 
hand  from  several  independent  positions. 

Ten  designs  were  received,  five  from  the  United  States, 
three  from  England,  one  from  France  and  one  from  New 
Zealand.     These  designs  were  as  follows  : 

I.  Chief  Constructor  T.  D.  Williams,  U.  S.  N.,  for  the 
Bureau  of  Construction,  submitted  a  design  for  the 
armored  cruiser,  the  principal  dimensions  being  as  follows : 
Length  between  perpendiculars,  310  ft.;  extreme  breadth, 
54  ft.;  draught  of  water  above  base  line,  21  ft.  6  in.;  dis- 
placement, 6,600  tons;  speed,  17  knots;  coal  capacity,  800 
tons.  The  four  lo-in.  guns  are  carried  in  turrets,  the  six 
6-in.  guns  are  mounted  on  center-pivot  carriages,  the 
lo-in.  guns  and  three  of  the  6-in.  guns  having  a  fire 
both  ahead  and  abeam,  while  the  13  rapid-fire  guns 
have  practically  an  all-around  range.  The  armor  belt  is 
17  in.  thick  and  6  ft.  deep,  being  above  the  water-line 
when  at  her  greatest  draught.  The  armor  on  the  turrets 
and  breastworks  is  steel,  io>i  in.  thick,  and  that  on  the 
pilot  house  is  reduced  to  10  in.  Ten  boats  are  carried, 
two  being  second-class  torpedo  boats.  The  vessel  bark- 
rigged,  with  a  sail  area  of  about  7,000  square  feet. 

In  the  armored  battle-ship  the  principal  dimensions 
are:  Length  over  all,  318  ft.;  length  between  perpendicu- 
lars, 300  ft.;  length  on  load  line,  310  ft.;  breadth  extreme, 
58  ft.;  displacements  in  tons,  6,600  ;  draught  of  water, 
forward,  21  ft.;  draught  of  water,  aft,  23  ft.;  speed,  17 
knots;  capacity  of  coal  bunkers,  800  tons;  armament, 
two  12-in.  breechloading  rifies  in  barbettes,  those  forward 
having  an  arc  of  fire  of  300  ;  two  lo-in.  breechloading 
rifles  in  barbettes  aft,  having  an  arc  of  fire  of  280.  Two 
6-in,  breechloading  rifles  on  central-pivot  carriages,  with 


segmental  shields,  an  arc  of  fire  of  180°  from  direct  ahead 
to  direct  astern.  The  two  1 2-in.  and  two  lo-in.  rifles,  with 
one  6-in.  rifle,  can  all  be  concentrated  on  an  object  within 
22  ft.  from  the  side  of  the  hull.  The  secondary  battery  is 
as  given  above.  The  armor  on  hull  is,  in  thickness,  12  in.; 
around  barbettes,  12  in. 

The  boats  are  10  in  number,  two  being  second-class 
torpedo  boats.  There  is  no  sail  used,  but  a  single  mast 
will  be  fitted  with  two  military  tops  and  a  derrick  for 
handling  boats. 

2.  Constructor  S.  H.  Pook,  U.  S.  N.,  presented  a  design 
for  an  armored  cruiser  of  the  central-box  casemate  type. 

3.  Lieutenant  W.  I.  Chambers.  U.  S.  N.,  submitted  a 
design  for  the  armored  cruiser,  in  which  the  lo-in.  guns 
are  grouped  in  pairs  m  barbette  turrets  on  the  middle  line 
of  the  vessel,  each  pair  having  unobstructed  arcs  of  fire 
of  280  degrees,  and  mounted  at  a  height  of  24  u'  ft. above 
water.  There  are  also  six  6-in.  rifles,  two  of  which  are 
on  the  spar  deck,  and  have  a  fire  ahead,  astern  and  abeam, 
through  arcs  of  180  degrees,  the  remaining  four  being 
mounted  on  the  gun-deck  so  as  to  fire  two  ahead,  two 
astern  and  two  abeam  through  arcs  of  135  degrees.  On 
the  gun  deck  are  mounted  eight  6-pounder  rapid-firing 
guns,  with  arcs  of  140  degrees,. so  arranged  as  to  be  easily 
transported  to  fire  all  eight  from  the  same  broadside.  At 
the  extremities  on  the  gun  deck  are  four  47-millimeters 
revolving  cannon  in  towers  which  give  them  nearly  i8c 
degrees  arc  of  fire.  Above  the  spar  deck  is  a  spacious 
bridge  extending  from  the  foiward  conning  tower  to 
amidships,  where  it  exte  ds  from  side  to  side.  At  the 
ends  of  this  bridge,  amidships,  are  3-pounder  rapid-firing 
guns  so  arranged  as  to  enable  all  four  to  be  fired  ahead, 
astern  and  abeam.  Two  Catlings  and  two  i -pounder  boat 
guns  are  also  mounted  on  this  bridge.  The  side 
armor  is  1 1  in.  thick  and  the  barbette  armor  10  ■,  in. 

4.  Captain  L.  Tonus,  of  New  York,  presented  a  design 
of  novel  character  for  the  cruiser;  it  was  to  be  lined  both 
inside  and  outside  the  skin  with  wood. 

I        5.  Mr.    F.   L.  Norton,  of  Washington,  designer  of  the 
1    Norton  lifeboat,    presented   plans  which,  though   incom- 
plete in  military  features,  offer  some  novel  suggestions  as 
to  the  construction  of  hull  and  armored  citadel. 

6.  The  Thames  Iron  Shipbuilding  Company,  of  Lon- 
don, England,  offered  designs  (or  both  vessels,  similar  to 
others  built  for  several  foreign  countries. 

7.  The  Barrow  Shipbuilding  Company,of  Barrow-in-Fur- 
ness, England,  Mr.  John,  designer,  submitted   designsfor 

1  both  ships,  the  armored  cruiser  having  the  lo-in.  guns 
mounted  in  seperate  box-shaped,  armored  casemates  on  a 
covered  gun  deck,  so  arranged  as  to  fire  tivo  ahead,  two 
astern  and  two  abeam.  The  battle-ship  has  the  two  12- 
in.  guns  mounted  t'u  echelon  on  separate  turn-tables  in  a 
central  armored  citadel,  the  armor  of  which  extends  from 
the  gun  to  the  spar  deck  only. 

8.  Mr.  Watt,  Birkenhead,  England,  presented  a  design 
for  a  battle  ship  on  the  central-citadel,  battery  plan. 

9.  M.Grandjean,  St.  Nazaire,  France,  submitted  plans 
for  the  cruiser,  similar  in  character  to  several  vessels  built 
by  the  French  Government. 

j        10.  Captain  ^L  S.  Clayton,  Auckland,  New  Zealand,  sent 

a  drawing,  intended  to  embody  some  new  ideas.     This 

was,  however,  a  rough  draft  only  and  incomplete. 

I        The  various  designs  will  be  submitted  to  a  board  which 

j    will   consider  them  and  report  to  the  Secretary  of  the 

Navy. 

New  Ships  for  the  British  Navy. 

(From  Engineering:.) 

It  has  already  been  stated  that  no  important  new  ships 
are  to  be  laid  down  during  the  coming  financial  year,  al- 
though, as  will  be  presently  shown,  an  exceptionally  large 
number  of  vessels  will  be  completed  and  added  to  the 
fleet  during  that  period.  The  following  is  the  programme 
of  new  work  the  Admiralty  proposes:  Two  20-knot 
steel- bottomed  protected  cruisers,  at  Chatham  ;  three  \gU- 
knot  copper-bottomed  protected  cruisers,  two  by  contract 
and  one  at  Portsmouth  ;  one  composite  sloop  ( Buzzard), 
six  composite  gunboats  (improved  Rattlers)  and  one  Grass- 
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Jtopper  class.  Another  vessel  of  the  Buzzard  class,  the 
Daphne,  has  already  been  commenced  at  Sheerness,  al- 
though she  was  not  included  in  former  estimates. 

With  regard  to  the  gunboats  and  sloops  referred  to.  we 
are  informed  that  a  careful  inquiry  into  the  composition 
of  our  squadrons  abroad  has  made  it  clear  that  too  large  a 
proportion  of  our  naval  strength  is  absorbed  by  small  ves- 
sels which,  however  well  adapted  for  police  purposes  in 
time  of  peace  or  for  operation  in  shoal  water,  would  be  of 
little  value  for  the  protection  of  ourcommerce  on  the  high 
seas.  All  the  vessels  above  referred  to  will  have,  we  are 
told,  a  speed  equal  to.  if  not  in  excess  of.  any  of  their  class 
elsewhere,  and  will  therefore  be  a  match  for  anything  of 
like  displacement  which  they  might  encounter. 

The  two  2o-knot  steel  cruisers  are  the  most  noteworthy 
vessels  on  the  programme  for  next  year.  The  following  are 
the  chief  particulars  as  given  by  the  Admiralty  statement : 

Length,  265  ft.;  breadth.  41  ft.:  displacement.  2,800  tons  ; 
speed  on  measured  mile,  with  400  tons  of  coal,  and  fully 
equipped,  20  knots;  ocean  speed,  17  to  18  knots;  radius  of 
action  at  lo-knot  speed,  8,000  knots.  The  vesselswill  have 
a  protective  steel  deck  extending  from  stem  to  stern,  and 
sheltering  the  boilers,  magazines,  steering  gear,  etc.  Ver- 
tical (inverted  cylinder)  triple-expansion  engines  are  to  be  . 
fitted,  special  arrangements  of  armored  coamings  being 
built  for  the  protection  of  the  cylinders.  Above  the  pro- 
tective steel  deck  the  space  will  be  minutely  subdivided, 
coal  bunkers,  cofferdams,  etc  ,  being  built  as  is  usual  in 
vessels  of  the  protective  class.  A  double  bottom  on  the 
cellular  principle,  adapted  for  water  ballast,  will  be  fitted. 
The  armament  will  include  six  6-in.  B.  L.  R.  guns  on  center- 
pivot  mountings,  nine  6-pounder  rapid-firing  guns,  ma- 
chine guns,  six  torpedo  tubes  (all  under  cover).  The  bow 
will  be  strengthened  for  ramming  in  the  usual  manner.  In 
all  respects  the  vessels  will  be  made  suitable  for  mdepend- 
ent  sea  service,  and  for  being  driven  at  high  speed  in 
rough  water.  They  will  have  only  fore-and-aft  steadying 
sails. 

The  three  copper  sheathed  i934'-knot  cruisers  will  be 
like  the  vessel  just  described,  except  that  it  has  been  de- 
cided to  vary  them  in  the  following  particulars  : 

To  wood-sheathe  and  copper  the  bottoms,  so  as  to  make 
the  vessels  capable  of  remaining  afloat  for  long  periods 
without  serious  fouling  and  consequent  loss  of  speed,  and 
to  adopt  horizontal  engines,  placed  entirely  below  the  pro- 
tective deck.  These  changes  involve  an  increase  in  dis- 
placement and  a  slight  decrease  in  maximum  speed,  which 
are  accepted  in  view  of  the  special  services  for  which  the 
vessels  are  intended.  In  armament  protection,  and  all 
other  qualities,  the  conditions  are  the  same  in  these  as  in 
the  steel-bottomed  ships 

Turning  from  this  very  modest  programme  of  new  work 
for  the  coming  year,  we  find  that  it  is  hoped  the  following 
vessels  will  be  completed  during  the  coming  year  and 
added  to  the  effective  list.  The  list  contains  ten  armored 
ships,  viz.:  the  Rodney,  the  Haiue  and  the  Benbow,  of  the 
^(;';«/>-,// class,  the  W'arspite  and  Hero,  and  five  contract- 
built  belted  cruisers.  The  protected  ships  will  be  the 
Severn  and  the  TIudius.  There  will  be  seven  torpedo 
cruisers,  six  of  the  Archer  class,  and  the  Fearless.  There 
will  also  be  three  torpedo  gunboats  of  the  Rattlesnake 
class,  and  finally  three  composite  sloops  of  the  Buzzard 
-and  Rattler  class.  This  makes  a  total  of  25  vessels  in  all. 
In  addition  to  these,  we  are  told,  the  Camperdown  and 
Forth  will  be  nearly  finished,  and  the  Anson  will  be  ap- 
proaching completion. 

With  regard  to  other  ships,  the  Imnwrtatite  and  Aurora 
will  be  far  advanced.  The  former  is  to  have  ^100,585 
spent  on  her  next  year,  after  which  there  will  remain  the 
sum  of  _^2S,32S  to  complete;  the  grand  total  cost  of  ship 
and  armament  being  estimated  at  ^302.902.  This  vessel  is 
an  armor-plated  cruiser  of  5.000  tons,  now  building  at 
Chatham.  The  Aurora  is  a  similar  ship,  and  will  be  in 
about  the  same  stage  of  completion  at  the  end  of  the  year. 
The  Renown  and  the  Sanspare/l  art  to  be  delivered  in  Oc- 
tober of  next  year,  and  the  two  big  ships  Trafalgar  and 
Nile  (armor-plated  turret  ships)  remain  the  chief  cause  of 
further  liability. 

To  sum  up,  out  of  37  ships  building  or  incomplete  it  is 
•expected  that  26  will  be  finished  by  the  end  of  next  March. 


leaving  only  nine  out  of  the  programme  for  1885.  There 
will  be  in  addition  two  other  ships  not  belonging  to  that 
programme,  to  be  thereafter  finished.    •    *    ♦    * 

The  question  should  be  asked,  why  some  important 
vessels  are  not  to  be  laid  down  to  carry  on  the  work  now 
so  rapidly  being  completed  .' 

Two  possible  answers  to  this  question  occur  to  us. 
Either  the  Admiralty  is  afraid  to  ask  for  the  money,  or 
else  the  constructive  department  is  unable  to  advise  what 
type  of  ship  is  to  take  the  place  of  the  existing  first-class 
battle-ship.  The  former  solution  to  the  problem  is  one 
very  possible,  and  strictly  in  accordance  with  precedent ; 
although  Lord  George  Hamilton  has  on  occasions  shown 
asturdiness  of  purpose  that  is  somewhat  rare  amongst 
First  Lords.  The  alternative  proposition  would  open  up 
quite  a  new  feature  in  naval  administration,  and  we  must 
say  that  Mr.  White  has  never  displayed  any  notable  dif- 
fidence as  to  his  professional  abilities.  There  is,  however, 
a  third  point  of  view  from  which  the  possibilities  of  the 
situation  may  be  surveyed.  The  constructive  department 
may  be  quite  convinced  as  to  the  course  which  they  would 
recommend,  but  the  naval  element  in  the  management  of 
affairs  may  be  quite  as  satisfied  that  their  views  are  un- 
sound. Such  a  state  of  affairs  would  lead  to  a  dead-lock 
which  only  the  supreme  authority  of  the  Board  could 
overcome,  and  that  authority,  as  we  know,  has  already 
been  invoked  in  the  case  of  of  the  Nile  and  Trafalgar.  It 
will  perhaps  not  be  rash  to  say  that  had  the  Constructive 
Department  had  their  own  way  we  should  now  have  large 
vessels  without  side  armor  on'  the  stocks,  battle-ships  of 
the  Italian  type,  but  of  improved  design,  and  we  certainly 
should  not  be  building  the  Trafalgar  and  A'lle.     *     *     * 

Another  subject  dealt  with  in  the  present  estimates  is 
the  depreciation  of  the  fleet,  and  the  following,  subject  to 
certain  necessary  restrictions,  is  set  down  in  Lord  George 
Hamilton's  statement  as  a  reasonable  scale  on  which  to  fix 
the  annual  depreciation  for  the  different  classes  of  ves- 
sels : 

1.  On  armored,  protected,  and  partially  protected  iron 
or  steel  vessels,  for  22  years  from  date  of  completion,  4  per 
cent, 

2.  On  corvettes,  sloops,  torpedo  cruisers,  gun  vessels, 
gunboats,  troop-ships,  and  other  vessels,  for  15  years.  6 per 
cent. 

3.  On  torpedo  boats,  steam  launches,  etc.,  for  1 1  years, 
9  per  cent. 

4.  On  small  vessels,  tugs,  and  yard  craft,  for  18  years,  5 
per  cent. 

5.  On  guard,  receiving,  training,  and  harbor  vessels,  for 
22  years,  4  per  cent. 


The  Camperdown ;  A  New  British  Armor-Clad  Ship. 

The  following  description  from  the  London  Times  of  a 
new  armor  clad  ship,  which  has  just  been  completed  and 
made  its  trial  trip,  will  probably  interest  many  readers  in 
this  country  at  the  present  time.  Her  keel  was  laid  down 
December  18,  1S82,  and  she  was  launched  November  22, 
1885,  having  thus  taken  three  years  to  build.  She  belongs 
to  the  Admiral  class  of  battle  ships,  which  comprise  the 
Camperdown,  Collingwood,  Benboiu,  Anson,  Howe  and  Rod- 
ney, the  whole  of  which,  with  the  exception  of  the  Anson 
have  made  successful  trials  of  their  machinerj'.  She 
measures  330  ft.  between  perpendiculars.  68  ft.  6  in.  in  ex- 
treme breadth,  and  26  ft.  2  in.  in  depth  of  hold,  her  mean 
draught  being  26  ft.  9  in.,  and  her  displacement  10,000 
tons.  She  is  protected  amidships  by  a  water-line  belt  150 
ft.  long,  18  in.  thick,  7  ft.  6  in.  deep,  of  which  2  ft.  6  in. 
are  intended  to  be  above  water  when  fully  equipped  ;  the 
whole  forming,  with  athwartship  bulkheads  at  the  ends,  a 
central  citadel  for  the  protection  of  the  vital  parts  of  the 
ship.  The  Camperdown  will  carry  four  13',2-in.  67-ton 
breech-loaders  in  two  barbettes  placed  forward  and  aft, 
and  covered  by  14  in.  sloping  compound  armor;  and  six  6-in. 
5-ton  breechloaders  under  the  spar  deck.  She  will  be 
manned  by  a  complement  of  430  officers  and  men.  The 
engines  and  machinery  have  been  manufactured  and  fitted 
on  board  by  Messrs.  Maudslay,  Sons  &  Field,  of  London. 
They  consist  of  two  sets  of  three-cylinder  compound  in- 
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verted  engines,  having  two  low-pressure  cylinders  placed 
together.  Each  set  of  engines  has  one  high-pressure  cylin- 
der 52  in.  in  diameter,  and  two  low-pressure  cylinders  74 
in.  in  diameter,  the  stroke  being  45  in.  The  cylinder 
'inings  are  of  Whitworth's  lluid  compressed  steel.  The 
crank  shafts,  which  are  made  of  steel  and  hollow,  are  in- 
terchangeable, the  cranks  being  placed  at  an  angle  of  120 
degrees  with  each  other,  while  centrifugal  lubricators  are 
fitted  to  the  crank  pins.  The  surface  condensers,  together 
with  the  air-pumps  and  hot  wells,  are  made  of  gun-metal, 
and  the  condensers  are  constructed  so  as  to  be  worked  as 
common  condensers  if  required.  The  condensers  con- 
tain 1 1,550  brass  tubes,  having  an  external  diameter  of  ?4 
in.,  with  a  cooling  surface  of  17.000  sq.  ft.  The  cold  water 
is  circulated  through  the  main  condensers  by  centrifugal 
pumps,  each  driven  by  a  pair  of  inverted  engines  having 
a  stroke  of  15  in.,  the  diameter  of  the  cylinders  being  12 
m.  and  that  of  the  fans  4  ft.  These  pumps  are  also 
arranged  for  pumping  water  out  of  the  ship  in  case  of 
accident,  provision  bemg  made  for  a  direct  suction  of  the 
water  from  the  bilge  instead  of  its  having  to  pass  through 
the  condensers.  Each  set  of  engines  has  two  air  pumps, 
30  in.  in  diameter,  worked  by  wrought-iron  beams  by 
means  of  levers  from  the  cylinder  cross-heads  .The  bilge 
pumps  are  also  worked  by  these  beams.  The  boilers  are 
12  in  number,  and  are  placed  in  four  separate  compart- 
ments forward  of  the  engine-rooms.  The  boilers  are  12 
ft.  4  in.  wide,  14  ft.  i  in.  high,  and  9  ft.  11  in.  long,  having 
in  all  36  furnaces,  3  ft.  2  in.  in  diameter  and  7  ft.  long. 
They  are  fitted  with  3.432  tubes,  2 '4  in.  in  diameter  and 
7  ft.  long,  and  possess  a  collective  area  of  fire-grate  of  Soo 
sq.  ft.  The  tube  plates  and  combustion  chambers  are 
made  of  the  best  Yorkshire  iron,  and  the  shells  of  Sie- 
mens-Marten steel.  The  safety  valves  are  of  the  latest 
approved  type,  with  spiral  springs  of  square  steel,  and 
loaded  to  90  lbs.  per  square  inch.  The  stop  valves  are 
placed  horizontally  and  are  self-acting.  As  is  now  cus- 
tomary, the  stokeholds  are  arranged  for  working  with 
forced  draught  when  the  engines  are  required  to  e.xert 
their  full  power,  and  air-wells  are  fitted  at  all  the  exits. 
For  the  purpose  of  maintaining  the  air  pressure,  eight  fans, 
5  ft.  in  diameter,  are  provided,  worked  bv  small  horizon- 
tal engines.  Two  are  located  in  each  boiler  room,  while 
means  are  provided  for  shuttmg  each  one  entirely  off  to 
prevent  the  escape  of  air  should  the  engine  break  down. 
Escape  ladders  and  doors  have  been  fitted  to  the  boiler- 
rooms  where  possible,  the  doors  flying  open  immedialely 
they  are  released,  so  as  to  give  those  in  the  stokehold  a 
chance  of  making  good  their  escape  should  an  accident 
happen  when  the  boiler  room  is  closed  up  and  under 
forced  draft.  In  addition  to  the  auxiliary  engines  al- 
ready mentioned,  there  are  on  board  four  fan  engines  with 
fans  4  ft.  6  in.  in  diameter,  for  ventilating  the  magazines 
and  other  parts  of  the  ship. 

During  the  trial  under  natural  draffher  immersion  was 
22  ft.  3  in.  forward  and  24  ft.  5  in.  aft.  The  machinery 
worked  without  giving  any  trouble  to  any  one  concerned 
from  first  to  last,  the  bearings  remaining  cool  throughout. 
With  one  exception  every  half-hourly  observation  showed 
that  the  engines  were  indicating  more  than  8,000  H.  P., 
and,  consequently,  in  excess  of  the  contract.  The  mean 
of  the  six  hours'  steaming  gave  a  collective  power  of 
8,605,95.  while  the  ship,  as  tested  by  four  runs  on  the 
measured  mile  at  an  early  part  of  the  trial,  and  when  the 
engines  were  not  exerting  their  greatest  power,  realized 
an  average  speed  of  16.3  knots.  The  reading  of  the 
patent  log  showed  that  the  ship  had  traveled  1 1 2  '4  knots 
during  the  S'/i  hours,  which  gave  her  a  speed  of  17.2  knots 
an  hour.  The  consumption  of  fuel  during  the  trial  was 
2.11  lbs.  per  H.  P.  per  hour,  which,  under  the  conditions 
mentioned,  would  enable  the  Cainperdown  to  steam  over 
2,000  knots. 

Another  trial  was  made  under  forced  draft,  with  even 
more  satisfactory  results.  Previous  to  beginning  the 
engine  trial  the  ship  was  tested  as  to  her  steering  power, 
with  the  following  results  :  Circling  to  starboard,  the 
tiller  was  put  over  from  amidships  to  34  deg.  of  helm  in 
15  seconds,  the  half-circle  was  completed  in  2  min.  10  sec. 
and  the  full  circle  in  4  min.  53  sec,  the  diameter  of  the 
circle  being  630  yards.  Circling  to  port  the  tiller  was  put 


over  in  11  seconds,  the  half-circle  was  performed  in  2  min. 
20  sec,  and  the  full  circle  in  4  min.  42  sec,  the  diameter 
being  in  this  instance  650  yards.  The  vessel  was  perfect- 
ly obedient  to  the  helm,  no  leverage  being  necessary  to 
keep  her  in  a  straight  line.  The  four  hours'  trial  under 
forced  draft,  with  2  in.  of  water  pressure  in  the  stoke- 
holds, was  then  commenced,  the  ship  being  taken  long 
runs  to  sea  to  obviate  the  necessity  of  turning  and  so 
throwing  increased  strains  upon  the  engines. 

No  incident  of  any  kind  occurred  during  the  four  hours 
to  detract  from  the  uniform  success  of  the  trial.  Two 
runs  were  afterward  made  upon  the  measured  mile,  the 
mean  showing  a  speed  of  17.144  knots,  which  was  in  sub- 
stantial agreement  with  the  patent  log,  which  registered 
a  travel  of  68 '4'  knots  during  the  four  hours  and  an  ever- 
age  speed  of  17.2  knots.  During  the  day  the  United 
Telephone  Company,  of  London,  experimented  with  an 
instrument  forcommunicating  between  the  bridge  and  the 
engine-room.  The  ordinary  voice  pipe  is  impracticable 
in  consequence  of  the  noise  produced  by  the  machinery, 
and  a  committee  has  been  appointed  to  consider  how  the 
difficulty  can  be  surmounted.  The  telephonic  instrument 
employed  enabled  the  orders  to  be  heard  distinctly  while 
the  engines  were  working  at  their  greatest  power,  and  was 
favorably  received  by  the  officers  on  board. 


Mastless  Men-of-'War. 

In  a  recent  lecture  on  this  subject  at  the  I^oyal  United 
Service  Institution,  in  London,  Eng.,  by  Captain  Fitzgerald. 
R.  N.,  the  lecturer  said  that,  though  he  was  of  opinion  that 
it  would  be  advisable  to  unrig  immediately  all  the  present 
ironclads,  yet  he  considered  that  the  carrying  out  of  the 
idea  would  be  more  applicable  to  future  designs  for 
cruisers  than  to  the  unrigging  of  the  present  single-screw 
corvettes.  He  maintained  that  there  was  no  economy  in 
having  masts  and  sails,  as  these  wore  out  rapidly  and  did 
not  save  coal,  as  they  stopped  the  ship  more  in  foul  winds 
than  they  assisted  her  in  fair.  He  pressed  that  the  pres- 
ent rigged  ironclads  would  be  more  powerful  fighting 
machines  without  their  spars  and  rigging  that  with  them, 
leaving  in  their  lower  masts  and  turning  the  tops  into 
small  machine-gun  batteries.  The  principal  arguments 
for  the  abolition  of  spars  and  sails  in  men-of-war.  but  more 
particularly  in  ironclads,  were  that  the  weight  of  masts 
and  sails  caused  increased  immersion  and  occupied  valu- 
able space  both  on  deck  and  below — space  which  might 
otherwise  be  devoted  to  warlike  stores.  They  masked, 
more  or  less,  the  fire  of  guns.  There  was  a  probability  of 
wreckage  from  them  fouling  the  screw  in  action,  and 
lastly,  though  perhaps  the  strongest  argument  of  all,  was 
the  fact  that  the  retention  of  masts  and  sails  in  men-of-war 
diverted  so  much  of  the  attention,  the  energy,  and  the  re- 
sources of  both  officers  and  men  from  the  real  work  of 
their  profession,  and  from  the  study  of  modern  naval  war- 
fare, and  occupied  them  in  drills  and  exercises  as  obsolete 
for  fighting  purposes  as  the  bow-and-arrow  drill  of  the 
Saxons.  It  was  said  that  a  ship's  company  which  was 
smart  at  drill  aloft  was  sure  to  be  smart  in  everything 
else.  This  might  be  true  in  some  cases,  but  even  if  it 
were  so,  it  did  not  furnish  any  sufficient  argument  for 
keeping  up  sail-drill.  The  lecturer  discussed  at  length 
the  objections  which  would  be  made  to  the  principles  he 
enunciated,  and  he  claimed  th.it  whatever  risks  there 
might  be  in  his  proposals,  these  risks  were  such  as  oc- 
curred even  in  the  carrying  of  gunpowder,  and  the  neces- 
sity of  change  must  be  recognized.  The  duty  now  before 
the  country  was,  not  to  build  ships  to  suit  the  seamen, 
but  to  train  the  seamen  to  suit  ships  in  which  were  the 
useful  inventions  of  modern  time  and  the  innovations  of 
modern  science. 


A  Line-Throwing  Gun. 

An  invention  possessing  considerable  importance  in  con- 
nection with  naval  matters  has  recently  been  successfully 
tried  in  the  Tilbury  Docks,  London,  The  invention  is  the 
line-throwing  gun  of  Mr.  D.  R.  Dawson,  which  is  designed 
to  discharge  a   line,  and  thus   establish    communication 
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between  any  two  given  points,  which  may  be  the  shore 
and  a  ship,  or  they  may  be  two  vessels  or  two  objects  on 
land.  There  are  two  of  the  guns,  a  shoulder  gun  throw- 
ing a  line  160  yards  in  length  and  a  3 '2  in.  brass  gun 
mounted  on  a  carriage,  which  will  project  a  line  more  than 
a  quarter  of  a  mile  long.  In  both  cases  the  gun  is  loaded 
from  the  muzzle,  the  powder  charge  being  placed  in  an 
annular  space  formed  by  the  bore  and  a  central  inner  tube 
running  from  breech  to  muzzle.  The  line  is  wound  in 
the  form  of  a  cop,  with  a  hollow  extending  its  whole 
length.  This  cop  is  placed  in  a  metallic  case  or  shell,  and 
the  rear  end  of  the  line  is  drawn  from  the  rear  of  the 
shell,  threaded  through  the  central  tube  of  the  gun.  and 
made  fast  outside  it.  The  forward  end  of  the  line  is 
previously  made  fast  to  the  case,  which  is  then  inserted  in 
the  gun.  Upon  the  gun  being  discharged,  the  case  pays 
out  the  Ime  as  it  proceeds  forward,  and  upon  its  reach- 
ing the  object  aimed  at  the  line  establishes  a  connection, 
so  that  in  the  case  of  a  ship  in  distress  a  rope  on  board 
can  be  made  fast  to  the  line  and  can  be  hauled  ashore  or 
to  another  vessel.  There  is  no  danger  of  the  line  being 
burnt  or  damaged  by  the  ignited  powder  because  of  the 
center  tube  and  because  a  special  form  of  gas-check  is 
used.  On  the  occasion  in  question  several  rounds  were 
fired  from  the  shoulder  gun  with  i -'4  drams  of  rifle 
powder,  the  line  being  in  each  case  run  out  to  its  full 
length  of  160  yards  in  a  direct  course  and  being  afterward 
hauled  in.  The  ship  gun  was  fired  twice  with  7'i  oz.  of 
powder  and  460  yards  of  line,  which  was  also  fully  run 
out.  In  the  second  round,  at  the  request  of  those  pres- 
ent. Mr.  Dawson  laid  the  gun  over  one  of  the  jetties  at 
the  dock  entrance,  which  was  exactly  800  ft.  from  the 
firing  point.  The  case  crossed  the  jetty  in  perfect  line, 
falling  into  the  River  Thames  beyond  at  the  full  range  of 
over  a  quarter  of  a  mile.  There  was  no  question  of  the 
success  of  the  e.xperiments,  which  demonstrated  the 
efficiency  of  the  line-throwing  guns  and  their  adapta- 
bility to  the  purposes  they  are  designed  to  serve.  One 
important  feature  is  that  whereas  rockets  carry  their  own 
e.xplosive,  which  sometimes  deteriorates  and  causes  the 
rocket  to  fail,  the  line  gun  is  charged  with  powder  at  the 
moment  of  use,  so  that  the  charge  can  always  be  fresh 
and  dry.  The  shoulder  gun  is  also  intended  to  be  used  on 
land  in  cases  of  fire  for  establishing  communication  for 
saving  life.  Messrs.  M'Alister  and  Co.,  of  21  West  In- 
dia Dock-road,  London,  are  the  sole  agents  for  this  useful 
invention. — London    Times. 


Trial  of  a  New  Torpedo  Gunboat. 

(From  the  London  Tiiiies.) 

The  Rattlesnake,  torpedo  gunboat,  built  and  engined 
by  Messrs.  Laird  Brothers  at  Birkenhead,  has  just  made 
a  contractor's  three  hours  full-power  trial  of  her  machin- 
ery at  Portsmouth,  previous  to  being  received  by  the 
Admiralty.  She  is  of  450  tons  displacement,  and  is  the 
first  of  her  class.  Hence  the  interest  which  attaches  to 
her  performances  under  way.  The  other  vessels  of  the 
class  are  the  Spider,  Grasshopper  and  Sandfly,  the  whole 
of  which  are  being  constructed  at  the  Royal  dock  yards, 
the  Grasshopper  at  Sheerness  and  the  others  at  Devon- 
port,  while  the  machinery  is  being  made  by  Messrs. 
Maudslav,  Sons  &  Field.  The  Raitlesnakf  is  200  ft.  be- 
tween perpendiculars,  with  a  beam  of  23  ft.  and  a  depth  of 
hold  of  13  ft.  She  is  built  entirely  of  steel,  and  is  fitted 
with  a  half  poop  and  forecastle,  and  a  conning  tower  with 
a  conning  Ijridge  erected  over  it.  In  speed  she  equals 
the  first-class  torpedo  boats;  while,  as  she  stands  well  out 
of  the  water  and  has  good  accommodations  between  decks, 
in  seaworthiness,  ability  to  keep  the  sea,  and  comfort  for 
the  crew,  she  is  vastly  superior.  Her  offensive  power  is 
also  greater.  In  addition  to  one  torpedo  tube  through 
the  bow  and  another  through  the  stern  in  a  fore-and-aft 
line,  and  one  on  each  broadside  forward  capable  of  train- 
ing through  90  degrees,  she  will  mount  a  4-in.  25  cwt. 
central  pivot  breechloader,  capable  of  penetrating  8  in,  of 
armor.  This  will  make  her  a  formidable  antagonist  to  all 
but  heavily  protected  ships  of  war.     The  gun  will  be  sur- 


rounded by  a  steel  screen  attached  to  the  carriage  for  the 
defense  of  the  gunner  against  machine  guns  and  rifle  fire. 
She  will  also  carry  6  three-pounder  Hotchkiss  quick-firing 
guns.  Above  the  bridge  an  electric  search  light  will  be 
fitted.  In  engining  the  Rattlesnake\.\\e.  paramount  object 
with  the  contractors  has  been  to  reduce  all  weights  to  a 
minimum  consistent  with  efficiency.  The  contract  power 
of  the  engines  is  2,700  collective  II.  P.;  and  when  it  is 
considered  that  this  enormous  force  is  contained  in  a 
snake-like  craft  of  only  450  tons,  while  the  engines  of  the 
corvettes  of  the  C  class,  of  2,380  tons  displacement,  de- 
velop only  2,430  H.  P.,  the  character  of  the  problem 
which  the  marine  engineer  has  had  to  grapple  will  be 
readily  recognized.  The  boilers  are  protected  at  the  for- 
ward end  and  at  the  sides  by  coal  bunkers  capable  of 
stowing  90  tons  of  fuel,  while  the  engines,  which  are  not 
divided  by  bulkheads,  are  protected  by  extra  thick  plating 
on  the  sides  of  the  vessel.  In  the  design  of  the  machin- 
ery advantage  has  been  taken  of  the  experience  derived 
from  the  performances  of  the  torpedo  fleet,  and  conse- 
quently there  are  various  improvements.  The  propelling 
machinery  consists  of  two  sets  of  vertical  triple-e.xpansion 
three-crank  engines,  having  cylinders  of  i8,'4,  27  and  42 
in.  diameters  respectively,  with  a  stroke  of  18  in.,  and 
capable  of  e-xerting  2,700  H,  P.  at  about  310  revolutions. 
The  total  condensing  surface  of  the  condensers  amounts 
to  4,000  square  feet.  The  framing  of  the  engines  is  en- 
tirely composed  of  steel,  and  this  material  has  also  been 
largely  employed  in  the  construction  of  the  machinery 
throughout.  The  crank  and  other  shafting  has  been 
manufactured  of  Whitworth  special  steel,  and  is  hollow 
throughout.  The  propellers  are  made  of  solid  manganese 
bronze.  They  are  three-bladed,  and  have  a  diameter  of  6 
ft.  6  in.,  and  a  pitch  of  7  ft.  6  in.  The  boilers,  four  in 
number,  are  fitted  in  two  stokeholds,  which  are  wholly 
separate,  so  that,  in  consequence  of  the  duplication 
adopted,  there  would  be  a  chance  of  the  Rattlesnake  mak- 
ing good  her  escape  though  partly  disabled  in  her  machin- 
ery. They  are  of  the  locomotive  type,  but  a  new  principle 
has  been  introduced  of  constructing  them  with  wet 
bottoms,  and  with  large  conical-shaped  tubes  placed  be- 
tween the  furnaces.  In  addition  to  increasing  the  heat- 
ing surface,  this  plan  affords  an  efficient  means  of  circu- 
lating the  water  in  the  boilers.  The  working  pressure  is 
140  lbs.  to  the  square  inch,  while  the  heating  surface  is 
about  5.000  ft.,  and  the  area  of  fire-grate  122  ft.  The 
stokeholds  are  fitted  with  four  fans  for  providing  the 
1  forced  draught,  with  which  the  vessel  will  be  e.xclusively 
I  driven.  Besides  supplying  the  propelling  machinery, 
Messrs.  Laird  have  fitted  on  board  a  dynamo  engine  for 
the  search  light,  an  air-compressing  machine  for  the  tor- 
;'  pedo  service,  and  a  steering  engine  ("made  by  Forrester  & 
I  Co  ),  which  works  very  powerful  gear  in  the  after  part  of 
the  vessel  below  the  water-line.  This  gear  is  capable  of 
being  readily  converted  into  hand  gear.  The  same  con- 
tractors have  also  fitted  the  torpedo  tubes  and  gear,  the 
gun  mountings,  and  other  work,  in  compliance  with  an 
e.xtra  contract  intrusted  to  them  by  the  Admiralty.  In 
addition  to  the  90  tons  of  coal  already  mentioned,  the 
Rattlesnake  will  carry  engine-room  stores  for  si.x  months. 
Two  light  spars  will  be  carried  for  signaling  purposes. 
These  torpedo-boat  catchers  or  gunboats  are  both  faster 
and  more  formidable  than  anything  of  the  gunboat  class 
1  yet  designed,  and  are  expected  to  prove  an  effective  check 
to  the  operations  of  torpedo  boats  in  war. 

Considerably  greater  difficulty  attaches  to   the  trials  of 
these  small  craft,  in  consequence  of  the  lightness  in  re- 
ciprocations, the  want  of  space  and  the  comparative  few- 
ness of  the  men  in  charge,  than  to  the  trial  of  a  lull-sized 
I    battle-ship.     This  will  serve  to  explain  the  causes  of  the 
;    many  failures  through   which   they   pass   before  a   thor- 
I    oughly  satisfactory  success  can  be  recorded.     It  will  con- 
I    sequently  create  no  surprise  to  learn  that  the  Rattlesnake 
did  not   achieve  the  results  notified   below  until  various 
weaknesses  had  been  rectified,  and  sundry  readjustments 
of   the  slides  and  other  moving   parts  had    been  made. 
The  trial  was  watched  by  Mr.  Alton  and  Mr.  Maystow  on 
behalf  of   the  Steam  Reserve  and  the  dockyard,  and  by 
!    Messrs.  Shapcott  and  Smith  of  the  Controller's  Depart- 
'    partment,   the  engines  being  under   the  charge   of  Mr. 
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Bevis.  Jr.,  as  representing  the  contractors.  The  vessel 
was  brought  down  to  herload  draught  by  means  of  iron 
ballast — namely,  6  ft.  9  in.  forward  and  9  ft.  11  in.  aft. 
After  a  short  preliminary  run  the  Hatt/esnake  proceeded 
on  a  three-hours',  official,  full-power  trial,  at  the  end  of 
which  the  following  mean  results  were  attained  :  Steam  in 
boilers  136  lbs.,  which  was  less  than  the  engines  could 
have  utilized  ;  vacuum,  25  in  ;  revolutions,  31 1  (starboard) 
and  308  (port) ;  mean  pressures— starboard,  59  lbs.  high, 
28  lbs.  intermediate,  and  13  lbs.  low  ;  port,  58  lbs.,  high, 
28  lbs.  intermediate,  and  11  lbs.  low;  indicated  H.  P., 
1,424.10  starboard,  and  1,294.17  port ;  thus  giving  a  col- 
lective indicated  H.  P.  of  2,718.27,  which  is  slightly 
beyond  the  contract.  The  mean  of  six  runs  upon  the 
measured  mile  gave  a  speed  of  18.779  knots.  It  remains, 
however,  to  be  stated  that  the  weather  was  somewhat 
boisterous  for  so  small  a  craft,  the  wind  blowing  from 
tho  southwest  with  a  force  of  over  3,  the  result  being  a 
probable  loss  of  ten  revolutions  per  minute.  On  the  con- 
clusion of  the  steam  trial  the  steam  steering  gear  was 
tested,  when  it  was  found  that  the  helm  could  be  put 
hard  over  from  hard  over  in  20  seconds.  The  craft  be- 
haved very  well  in  spite  of  the  weather.  Though  the  sea 
broke  over  her  in  clouds  of  spray,  and  she  proved  at 
times  somewhat  lively,  the  vibration  was  confined  to  the 
extreme  ends,  and  there  can  be  no  doubt  that  she  will 
provide  a  fairly  steady  platform  for  the  gun  which  she  is 
intended  to  carrv. 


A  New   Spanish  War  Vessel. 

(From  En^inceriti^.) 

Under  the  name  of  the  Rei'na  Rrgciite,  Messrs.  James 
&  George  Thomson,  Clydebank,  have  just  launched  an 
armored  cruiser  which  they  have  built  to  the  order  of  the 
Spanish  Government.  The  new  ship  has  an  armored  or 
protective  deck  4;V  in.  in  thickness,  and  the  armament 
is  to  consist  of  four  24-centimeter  Hontorio  21 -ton  guns,  six 
12-centimeter  Hontorio  guns,  six  6-pounder  guns  of  the 
Nordenfelt  type,  two  37-millimeter  Hotchkiss  revolving 
guns,  and  a  dozen  other  small  guns  and  live  torpedo 
tubes.  The  builders  have  also  provided  for  a  speed  of 
20;^  knots  and  for  a  radius  of  action  of  12,000  knots. 

Measuring  330  ft.  in  length,  and  built  entirelv  of  steel, 
the  Reiitii  Regt-iite  will  have  a  displacement  of  about  5,000 
tons  for  ordinary  sea-going  purposes,  but  when  fully 
equipped  her  displacement  will  amount  to  5,600  tons. 
In  addition  to  the  protection  provided  by  the  armored 
deck,  she  has  an  excellent  means  of  defence  in  her  ex- 
tensive and  very  minute  internal  sub-division,  there  be- 
ing no  fewer  than  156  water-tight  compartments.  Of 
these,  60  are  beneath  the  armored  deck,  and  there  are 
S3  between  that  deck  and  the  one  above  it,  that  is  to  say, 
in  that  part  of  the  ship  which  is  situated  "  between  wind 
and  water."  Most  of  those  S3  water-tight  compartments 
are  to  be  used  as  coal  bunkers,  so  that  any  shell  or  shot 
that  may  strike  the  ship  along  that  belt  of  her  exterior  is 
not  likely  to  get  beyond  the  particular  bunker  which  it 
may  possibly  penetrate,  consequently  it  will  take  many 
shots  to  disable  the  ship. 

The  Reiiia  Regente  is  a  twin-screw  ship,  and  she  is  to  be 
driven  by  means  of  two  sets  of  horizontal  engines  of  the 
triple-expansion  type,  of  an  aggregate  of  about  12,000  in- 
dicated horse-power.  These  engines  are  to  occupy  sepa- 
rate water-tight  compartments.  Steam  will  be  supplied  to 
them  by  means  of  four  large  boilers,  which  will  also 
occupy  separate  water-tight  compartments.  In  addition 
to  those  boilers  there  will  be  two  of  Messrs.  Merrj'weather 
&  Co.'s  boilers  intended  for  raising  steam  rapidly  in  cases 
of  emergency.  They  will  be  placed  at  some  distance  above 
the  water-line,  and  they  will  have  connection  with  all  the 
auxiliary  engines  of  the  ship.  Besides  the  two  sets  of 
main  engines  for  propelling  vessels,  there  will  be  between 
forty  and  fifty  other  engines,  including  two  starting  en- 
engines,  others  for  working  four  14-in.  centrifugal  pumps 
(by  Messrs.  Drysdale  &  Co..  of  the  Bon-Accord  Engine 
Works,  Glasgow),  bilge  and  fire  and  feed  pumps,  ten  fan- 
draught  engines,  two  electric  light  engines,  a  capstan 
engine  by  Harfield,  steering  engine  and  boat-hoisting  and 


ash-hoisting  engines  by  Messrs.  Muir  &  Caldwell,  Glas- 
gow. 

The  pumping  arrangements  of  this  highly  complicated 
modern  war-ship  are  on  a  very  complete  scale.     All  the 
14-in.  centrifugal  pumps  are  connected  to  a  main   pipe 
which    runs    from  stem  to  stern   of  the  ship,  and    into 
which  there  are  branches  from  every  compartment,  these 
being  so  arranged  that   the  compartments  are  always  in 
j    immediate  connection  with  the  pumps,  so  that  if  any  of 
I    the   compartments  should  become  flooded  they  are  im- 
'    mediately  pumped  out,  while  if  the  water  attempts,    in 
j    the  shape  of   a  return  current,  to  enter  a   compartment 
from  its  respective  pipe,  it  is  at  once  prevented  by  means 
of  an  automatic  valve.     By  these  arrangements  it  is  only 
necessary  for  the  engineer  to  keep  his  pumps  in  action, 
and  any  water  which  may  happen  to  get  into  any  compart- 
ment  will  be  pumped  out  without  the  slightest  attention. 
Before  leaving  the   pumping  arrangements   we  ought  to 
mention  that  the  vessel  has  a   double  bottom  which  ex- 
tends from  side  to  side  and  throughout  her  whole  length. 
Not  only  isthe /vV/>/(;  Rcgciite  to  have  great  speed,  but 
I    she   is  also  to  have  great  rapidity  of  turning,  a  point  to 
which  much  attention  has  been  given  in  designing  this 
I    new  cruiser,  in  which  there  has  been  fitted  a  sternway 
manceuvering  rudder  designed  and  patented   by  Messrs. 
Thomson  tS:  Biles.     This  type  of  rudder  has  given  most 
extraordinary  results  in  the  manceuvering  of  the  Russian 
[    torpedo  boat    Wyborg   and  the  Spanish  torpedo  cruiser 
;    El  Destruitur,  both  of  which  were  Duilt  and   equipped  at 
Clydebank  last  year.     With  the  improvements  that  have 
since  been  made  in  this  rudder,  it  is  confidently  believed 
that  the  Reina  Regcnlt'  will   give  even  still  better  results. 
In  this  new  cruiser  the  quarters  of  the  officers  and  the 
crew  will  occupy  the  whole   of  the  main  deck — the  ac- 
commodation to  be  provided  being  for  50  of  the  former 
and  350  of  the  latter.     Right  forward  on  this  deck  there 
are  two  torpedo  tubes  ;  there  is  also  one  right  aft.  and  one 
,    in  each  broadside  amidships.     On  the  level  of  the  main 
i    deck,  but  projecting  beyond  the  side  of  the  ship,  there  are 
I    four  gun   towers.     The   two  forward   ones    fire  each    5° 
across  the  bow,  and  to  within  30°  of  right  aft ;  while  the 
the  after  ones  have  a  similar  range  round  the  stern.    The 
remainder  of  the  armament  is  placed  on  the  upper  deck, 
at  the  fore  end  of  which  there  is  a  platform  raised  about 
4  ft.  above  the  deck,  and  upon  this  twoof  the  21-ton  guns 
will  be  placed.     These  guns  will   fire  right  ahead,  and  to 
within  40 "  of  right  aft.     The  supports  of  these  enormous 
guns  extend  right  down  to  the  bottom  of  the  vessel,  and 
the  ammunition  is  supplied  to  them  through  two  heavily 
armored  hoists.     The  other  two  21-ton  guns  are  placed 
on  a  similar  raised   platform  aft,  and  between   the  twc> 
platforms  and  ranging  along  both  sides  of  the  ship,  there 
are  placed  the  six  12-centimeter  guns,  two  of  which  fire 
right  forward,  two  right  aft,  and  the  other  two  having  a 
range  of  140".     It  is  stated   that  the  21-ton  guns  could 
with  great  ease  pierce   the  armor  of   any  of  the  armor- 
I    clads  afloat  or  building,  and  that  the  other  six  guns  re- 
'    ferred  to  will  be  able  to  pierce  the  armor  of  any  of  the 
I    belted  cruisers  now  building  for  the  British  Navy.     Five 
of   the   small  guns    included    in   the  armament    of   this 
cruiser  are  intended  for  boat  and  field  service,  and  other 
four  will  be  worked    from  the  mast-heads.     In  all  there 
will  be  30  guns   in  the  armament  of  the  Rcina  Regente, 
which,  considering  the  tonnage  of  the  vessel,  must  be  re- 
garded as  very  formidable. 


Magazine  and  Repeating  Rifles  in  Europe. 

A  LECTURE  was  delivered  before  the  Royal  United 
Service  Institution  in  London,  February  25.  by 
Captain  Walter  H.  James,  R.  E.,  whicn  is  reported  at 
length  by  the  London  Times  : 

After  referring  to  the  experience  with  magazine  and 
repeating  rifles  in  previous  wars,  the  lecturer  said  that  he 
looked  forward  to  the  now  not  far  distant  day  when  it 
would  be  universally  acknowledged  in  England,  as  it  was 
on  the  Continent  to  a  great  extent  now,  that  in  the  proper 
use  of  long-range  fire,  in  the  adequate  training  of  the 
men  to  pour  in  closely  delivered  showers  of  lead  at  dis- 
tances up  to  1,500  yards  or  over,  lay  the  path  to  military 
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pre-eminence.  To  this  training;  the  magazine  rifle  formed 
the  proper  complement.  .Armed  with  it  the  duly  trained 
soldier  possessed  the  power  of  multiplying  his  fire  enor- 
mously at  close  range  or  increasing  its  volume  at  long 
range  when  necessary.  Such  weapons  required  careful 
training  both  of  the  officers  and  men,  frequent  practice  in 
their  use.  careful  working  out  of  the  problems 
they  gave  rise  to.  As  to  the  increased  n.imber  of  rounds 
the  soldier  must  have,  the  men  could  not  carry  beyond  a 
certain  weight,  and  that  weight  must  in  the  future  consist 
very  largely  of  cartridges,  the  soldier's  kit  must  be  carried 
for  him.  the  regimental  sjpply  of  ammunition  must  be  m- 
creased  until  each  man  at  the  moment  of  battle  could 
have  loo  rounds  on  him.  and  at  least  40  to  50  in  the  regi- 
mental suppiy. 

The  lecturer  then  referred  to  the  question  of  magazine 
rifles  in  European  armies.  As  usual  in  all  military  re- 
forms, in  the  van  of  progress  stood  Germany.  Immedi- 
ately after  the  war  of  1S70-71,  the  e.xperiments  which  had 
been  begun  before  it  br(;ke  out  were  again  taken  up,  and 
resulted  in  the  Mauser  rifle,  known  officially  as  Model  71, 
from  the  date  at  which  the  pattern  was  definitely  decided 
on.  The  Mauser  was  in  the  hands  of  five  army  corps, 
and  before  the  summer  the  whole  German  army  would  be 
furnished  with  it.  The  rifle  unloaded  weighed  10  lbs. 
2  oz..  its  calibre  was  0.433,  its  powder-charge  77  grains, 
its  twist  in  rifling,  one  in  50,  its  muzzle  velocity  1,410  ft.. 
and  with  the  new  Rothwiler  powder  1.571  ft.  It  could  be 
used  either  as  a  single  loader  or  a  magazine  weapon.  The 
magazine  is  placed  under  the  barrel  and  holds  eight  car- 
tridges :  these  with  one  in  the  elevator  and  one  in  the  bar- 
rel made  ten  in  all.  There  was  nothing  particular  worth 
drawing  attention  to  in  the  construction  of  the  lock  or 
magazine  system.  To  shut  off  the  magazine  the  breech 
was  opened  and  a  small  arm  on  the  left  side  of  the  rifle 
pushed  forward;  this  moved  the  other  end  of  the  cam. 
of  which  it  formed  a  part,  forward  into  the  underneath 
portion  of  the  elevator,  and  thus  fixed  it  so  that  it  did 
not  fall  down  when  the  magazine  was  closed.  The 
Mauser  repeater,  M.  71-84.  fired  the  same  cartridge  as  the 
Mauser  rifle.  M.-71,  but  latterly  e.xperiments  had  been 
made  with  an  improved  one  containing  89',  grains  of 
compressed  powder  and  a  steel  covered  lead  bullet.  With 
this  cartridge  the  muzzle  velocity  was  greater,  the  pene- 
tration considerably  more,  and  the  trajectory  much  flat- 
tened, especially  at  close  ranges,  than  the  original.  In 
France  no  definite  solution  as  to  the  arm  to  be  adopted 
had  as  yet  been  come  to.  It  seemed,  however,  probable 
that  the  arm  would  be  the  "  Lobell."  called  after  the 
name  of  its  inventor,  a  colonel  in  the  French  service.  Its 
calibre  was  78  mm.  or  0.307  in.,  and  the  magazine  under 
the  barrel,  held  eight  cartridges.  For  some  years  past. 
however,  the  French  navy  had  been  armed  with  the 
Kropatscheck  repeater,  which  differed  not  materially  from 
the  Mauser,  except  in  being  a  little  more  complicated. 
Austria  had  definitely  adopted  the  Mannlicher  rifle.  This 
rifle  presented  several  peculiarities.  In  the  first  place  the 
bolt  was  withdrawn  by  a  straight  backward  motion, 
which  rendered  it  much  quicker  than  one  in  which  it  was 
necessary  to  make  a  turn,  as  in  most  bolt  rifles,  and  hence 
it  could  be  worked  without  taking  it  down  from  the 
shoulder.  The  cartridges  were  carried  packed  in  tin 
frames  containing  five,  placed  in  the  case  under  the  bolt- 
chamber,  whence  they  automatically  fell  when  empty. 
The  cartridges  were  carried  packed  in  these  frames, 
two  being  wrapped  round  with  paper,  and  thus  issued  to 
the  soldier.  The  frames  weighed  385  grains  each — i.e., 
roughly  the  weight  of  a  bullet,  and  cost  less  than  a  half- 
penny to  manufacture.  When  these  cases  were  placed  in 
the  rifle — e.g..  when  arranged  for  magazine  action,  the 
rifle  could  not  be  fired  as  a  single  loader,  although  there 
was  no  reason  why  more  than  one  round  should  be  fired. 
The  cartridge  used  was  the  same  as  that  employed  for 
the  Werndl  rifle,  the  weapon  hitherto  in  use  in  the 
Austro-Hungarian  army.  E.xperiments  were,  however, 
being  made  with  an  irriproved  cartridge  giving  a  higher 
initial  velocity.  The  weight  of  the  rifle  was  9  lbs.  8;,  oz., 
its  bullet  weighed  371  grains,  the  rifle  calibre  was  0.433, 
its  powder-charge  77  grains,  and  its  muzzle  velocity  1,437 
ft.     In   Italy  experiments  had  been  conducted  for  some 


years  past,  and  it  had  been  finally  determined  to  alter  the 
V'etterli  rifle  (an  ordinary  form  of  bolt  gun)  in  accordance 
with  the  system  known  as  the  Vitali.  A  magazine  was 
fixed  in  a  central  position  under  the  bolt-chamber,  in 
front  of  the  trigger-guard,  in  which  four  cartridges  packed 
in  a  special  cardboard  box  were  pushed  from  above.  It, 
like  the  Mannlicher.  could  not  be  used  as  a  single  loader 
when  the  cartridges  i*ere  placed  in  the  magazine.  This 
change  was  avowedly  only  a  temporary  expedient  pend- 
ing the  introduction  of  an  improved  and  probably  smaller 
bore  rifle.  It  only  cost  $2.12  per  piece.  The  calibre  of 
this  rifle  was  slated  to  be  0.414.  the  builet  weighed  312 
grains,  the  powder  charge  was  62  grains,  and  the  muzzle 
velocity  was  1  430  ft.  Russia  had,  like  other  nations,  ex- 
perimented with  repeating  rifles,  but  had  not  yet  definitely 
settled  on  a  pattern.  She  had  introduced  Evans's  repeater 
into  her  navy.  This  was  distinguished  from  all  others  by 
the  large  numberof  cartridges  it  held,  viz.,  35.  placed  in  the 
butt  He  did  not  think,  however,  it  was  likely  to  be  in- 
troduced into  the  army.  In  the  meantime,  it  was  stated 
in  the  Times  oi  February  19,  that  a  form  of  attachable 
magazine  had  been  introduced  for  the  Berdan  rifle,  which 
held  three  cartridges,  and  which  could  be  fitted  with  a 
metal  case  containing  five  others,  or  eight  in  all,  and  that 
this  apparatus,  whatever  it  might  be,  could  be  fixed  in  less 
than  ten  minutes  to  the  rifle.  The  lecturer  added  that 
though,  as  the  Times'  St.  Petersburg  correspondent  had 
stated,  official  remarks  had  been  made  against  repeaters, 
yet,  nevertheless,  the  subject  was  being  considered. 
Sweden  had  for  some  time  had  the  Jarmann  rifle,  with  the 
magazine  under  the  barrel,  but  it  did  not  possess  any 
special  peculiarities  or  advantages.  Its  calibre  was  0.397. 
Switzerland  had  for  some  years  had  the  Vetterii  rifle, 
which  had  a  rim-fire  cartridge,  and  was  scarcely  now  on 
the  first  rank  of  weapons.  Portugal  had  recently  adopted 
the  Guedes  rifle  with  the  Kropatscheck  breech  and  re- 
peating action.  This  rifle  was  distinguished  from  all  the 
others  mentioned  by  its  small  bore  and  high  initial  veloc- 
ity. It  would  be  seen,  therefore,  that  ever\-  nation  had 
either  definitely  adopted,  or  was  experimenting  with  a 
view  to  deciding  on  some  form  of  magazine.  We  too  had, 
he  believed,  made  up  our  minds  to  follow  suit,  and  he 
ventured  to  think  our  authorities  were  to  be  congratulated 
on  having  determined  to  do  so  rather  than  to  re-arm  our 
infantry  with  an  ordinary  breechleader,  as  was  proposed 
but  six  months  ago.  .'^fter  showing  the  action  of  most  of 
the  rifles  mentioned,  he  presented  two  rifles,  the  one 
known  as  the  Lee-Burton,  the  other  as  the  improved  Lee. 
Of  each  of  these  rifles  a  limited  number  would,  he  stated, 
be  manufactured  and  issued  to  the  Army  for  trial,  but  no 
pattern  of  magazine  rifle  had  as  yet  been  definiteh'  settled 
on  for  the  future  armament  of  our  troops.  It  was,  of 
course,  natural  that  the  universal  determination  to  change 
the  armament  of  European  armies  should  have  given  a 
great  stimulus  to  inventors,  and  he  supposed  there  was 
hardly  a  day  than  did  not  bring  forth  a  fresh  weapon. 
For  a  soldier's  weapon  we  wanted  our  rifle  to  shoot  well 
and  closely  at  ranges  up  to  1,500  or  2  000  \ards  ;  to  have 
a  flat  trajectory  within  the  decisive  fighting  zone,  say  600 
yards.  These  two  conditions,  other  conditions  being 
equal,  required  a  high  proportion  of  weight  to  area  of 
bullet  and  a  high  muzzle  velocity.  The  recoil  depended 
upon  the  weight  of  the  bullet,  the  weight  of  the  rifle,  and 
the  amount  of  powder.  To  fulfill  the  first  without  unduly 
increasing  recoil  and  maintain  the  second  as  high  as  pos- 
sible it  was  necessary  to  have  a  long,  light  bullet.  He 
discussed  this  point  at  length,  and  brought  to  notice  bul- 
lets covered  with  steel  and  copper — German  inventions — 
which  rendered  lubricators  unnecessary.  He  showed  that 
the  compound  steel  projectile,  which  had  probably  been 
adopted  for  the  Mauser,  had  great  penetrating  power.  He 
contended  that  for  the  new  magazine  rifle  for  England  we 
should  have  experiments  to  show  the  best  calibre.  Speak- 
ing for  himself,  he  liked  to  see  experiments  conducted 
under  public  conditions  with  bores  smaller  than  0.4.  It 
must  not  be  forgotton,  he  added,  that  a  Government  rifle- 
designer  had  not  the  free  hand  a  private  one  had.  He 
could  do  as  he  liked  with  regard  to  cartridge-case,  powder 
and  bullets.  The  Government  official  had  to  consult  two 
■   other  departments,  who  might  not  agree  in  his  views.     To 
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have  a  rifle  which  should  fulfill  the  utmost  necessary 
quality  in  a  good  military  arm— namely,  flat  trajectory — 
a  small  bore  was  an  absolute  necessity.  Personally,  he 
thought  that  with  our  present  experience  a  rifle  of  0.32 
bore  with  a  bullet  weighing  336  grs.,and  a  powder-charge 
of  about  90  to  100  grs..  would  be  a  desirable  combination. 
There  was  one  objection  usually  put  forward  against 
small  bores— that  the  bullets  fired  from  them  were  much 
more  affected  by  a  side  wind.  Asa  practical  fact,  a  very 
important  consideration  was  completely  lost  sight  of — 
that  on  the  field  of  battle  it  was  the  mass  fire  of  numbers, 
not  the  aimed  fire  of  individuals,  that  had  to  be  taken 
into  .consideration,  and  that  therefore  lateral  deviation, 
considering  that  we  aimed  at  broad  targets  of  little  depth, 
was  of  far  less  moment  than  flatness  of  trajectory.  This 
latter  was  the  great  object  to  be  attained  in  a  military 
rifle,  and  was  of  far  more  importance  to  the  soldier  than 
lateral  error,  however  much  that  might  be  objectionable 
to  the  match  shooter.  Flat  trajectory— /.£•.,  a  long  depth 
of  shot-swept  space— we  must  have,  and  to  it  we  must 
sacrifice,  if  necessary,  some  less  needed  qualities  in  the 
rifle.  Moreover,  in  these  days  the  good  old  superstition, 
that  having  a  long-range  rifle  we  should  endeavor  to 
prevent  it  being  used  until  we  came  within  the  ranges  at 
which  alone  the  feebler  weapons  of  our  forefathers  were 
effective,  was  really  dying  out,  and  long-range  fire  was 
now  universally  admitted,  and  infantry  tactics  were  based 
on  its  employment.  Long-range  fire,  breech-loading  rifles, 
magazine  arms,  all  represented  as  many  steps  along  the 
path  of  increasing  expenditure  of  ammunition.  The 
soldier  must  carry  more  cartridges  ;  he  could  only  carry 
a  certain  weight;  to  get  more  rounds  of  ammunition  out 
of  that  weight  it  must  be  further  subdivided;  therefore 
the  cartridge  must  weigh  less.  In  short,  a  small  bore  was 
the  logical  outcome  of  modern  requirements  in  an  infan- 
try arm.  As  to  the  rifling,  he  pointed  to  the  Hebler, 
which  was  0.0052  in.  deep,  with  bands  0.0195  '"•  wide, 
and  six  grooves.  So  low  was  the  trajectory  that  the 
ground  would  be  practically  swept  from  the  muzzle  to  650 
yards. 

He  referred  to  experiments  which  were  being  made 
with  powders,  and  expressed  the  opinion  that  with 
the  use  of  compressed  powder  better-shaped  cartridges 
would  be  given.  He  also  drew  attention  to  the  advan- 
tages of  smokeless  powder,  with  which  the  French  had 
lately  been  making  secret  experiments.  He  divided  all 
forms  of  magazine  rifles  into  four  classes,  according  to 
the  position  of  the  magazine  :—(i)  In  the  butt;  (2)  under 
the  barrel  ;  (3)  over  the  barrel  ;  (4)  under  the  breech.  No 
nation  had  the  first-named,  except  Russia,  in  the  Evans 
repeater.  The  second  had  been  adopted  in  France  (Kro- 
patscheck),  Germany  (Mauser),  Switzerland  (Vetterli), 
Sweden  (Jarman),  and  Portugal  (Kropatscheck).  It  had 
the  advantage  of  giving  room  lor  a  number  of  cartridges, 
but  the  very  great  disadvantage,  which  it  shared  with  first 
position,  of  being  difficult  to  load.  Moreover,  the  bal- 
ance of  the  rifle  was  altered  each  time  a  shot  was  fired. 
The  German  rifle  was  very  faulty  in  this  respect,  and  was, 
when  the  magazine  was  filled,  an  extremely  arkward  and 
ill-balanced  weapon,  besides  l)eing  very  heavy,  weighing 
1 1  lbs.  Over  the  barrel  was  extremely  awkward  for  the 
soldier,  and  in  the  case  of  those  weapons  which  had  the 
magazines  on  one  side,  was  bad  for  aiming,  especially 
when  the  sun  was  shining  from  the  opposite  side  to  that 
on  which  it  was  fixed.  Three  forms  of  rifle — the  Burton, 
the  Lee-Burton,  and  the  Owen-Jones— had  such  maga- 
zines. 

Underneath  the  breech  was,  on  the  whole,  the  best. 
The  rifle  was  more  compact  and  far  better  balanced. 
It  sole  disadvantage  was  the  fact  that  it  was  difficult  to 
arrange  for  more  than  about  fi\e  cartridges.  The  Mann- 
licher,  the  Schulhoff,  the  Pieri,the  Lee,  and  the  improved 
Lee,  all  had  this  form  of  magazine.  All  held  five  cart- 
ridges except  the  Schulhoff.  which  would  take  ten  ar- 
ranged round  a  drum  like  a  revolver.  In  conclusion,  he 
stated  that  he  held  the  view  that  in  a  few  months  the 
British  Army  would  be  in  possession  of  a  weapon  as  much 
in  advance  of  what  other  nations  had  as  the  present 
Martini-Henry  was  in  advance  of  the  old  "  Brown 
Bess." 


Freezing  Soft  Material  for  Excavation. 


The  subject  on  which  it  is  my  privilege  to  address  you 
has  become  known  to  engineers  as  the  ■'  Poetsch  Freez- 
ing Process."  The  inventor  was  Mr.  Herman  Poetsch, 
a  German  mining  engineer,  of  no  particular  note  until  he 
conceived  and  made  a  practical  success  of  the  method 
which  bears  his  name.  He  had  something  to  do  with 
sinking  a  shaft  near  Ashersleben,  in  Germany,  to  a  vein  of 
coal  where,  after  excavating  about  100  ft.,  a  stratum  of 
sand  iS  ft.  thick,  overlying  the  coal,  was  encountered.  It 
occurred  to  Mr.  Poetsch  that  the  great  difliculty  occa- 
sioned by  the  influx  of  water  through  the  sand  could  be 
overcome  by  solidifying  the  entire  mass  by  freezing.  To 
accomplish  this,  he  penetrated  the  sand  to  be  excavated 
with  large  pipes  sunk  entirely  through  it,  and  a  footer  two 
into  the  underlying  coal.  These  were  placed  in  a  circle  at 
intervals  of  a  meter  and  close  to  the  periphery  of  the 
shaft.  They  were  8  in.  in  diameter  and  closed  at  the 
lower  end.  Inside  each  of  these,  extending  nearly  to  the 
bottom  and  open  at  its  lower  end,  was  a  pipe  but  i  in.  in 
diameter.  This  system  of  pipes  was  so  connected  that  a 
closed  circulation  could  be  produced  down  through  the 
small  pipes  and  up  through  the  large  ones.  An  ice-ma- 
chine, such  as  is  used  for  cooling  in  breweries,  making 
ice,  etc.,  was  set  up  near  by  and  used,  to  keep  at  a  temper- 
ature below  zero,  Fahrenheit,  a  tank  filled  with  a  solution 
of  chloride  of  magnesium,  the  freezing  point  of  which  is 
40"  below  zero,  Fahr.  The  solution  so  cooled  was  circu- 
lated through  the  system  of  ground  pipes  described. 

Thermometers  were  placed  in  pipes  sunk  into  the  mass 
of  the  sand,  and  the  following  results  were  observed  : 
the  temperature  of  the  mass  before  the  circula- 
tion of  cold  liquid  was  started  was  51.8  Fahr. 
The  circulation  was  kept  up  and  the  temperature 
of  the  mass  was  rapidly  lowered,  so  that  at  the  point 
where  this  temperature  was  taken,  which  must  have  been 
not  far  from  one  of  the  pipes,  the  mass  was  frozen  the 
third  day  after  circulation  had  commenced.  The  freezing 
took  place,  of  course,  soonest  about  each  pipe,  beginning 
first  near  the  bottom,  where  the  inflowing  solution  was 
coldest,  and  extending  outward  in  radial  lines.  The 
cylinders,  or,  more  correctly  speaking,  the  frustums  of  the 
cones  about  the  pipes,  finafly  met,  thus  forming  a  contin- 
uous frozen  wall,  inside  of  which  the  material  to  be  ex- 
cavated was  removed  without  any  possible  danger  from 
caving  in  or  inflow  of  water.  The  freezing,  it  was  found, 
had  taken  place  3  ft.  into  the  coal  and  to  a  distance  6  ft. 
outside  of  the  circle  of  pipes.  The  circulation  of  cold 
fluid  was  kept  up  until  the  excavation  and  walling-up 
were  complete. 

The  brief  description  of  the  first  work  suffices  to  ex- 
plain the  method  in  its  simplest  application.  Other  shafts 
were  undertaken,  and  where  much  difficulty  is  encount- 
ered in  passing  through  water-bearing  strata,  the  process 
for  this  purpose  is  now  coming  into  general  use  in  Europe. 
For  the  shaft  sunk  in  Germany,  ice-machines  with  a  ca- 
pacity of  1 5  tons  of  ice  per  day — or.  more  scientifically 
speaking,  capable  of  producing  1,750,000  thermal  units — 
have  been  used.  Of  course,  if  we  knew  the  specific  and 
latent  heat  and  the  conducting  capacity  of  the  material 
we  wish  to  freeze,  we  could  determine  exactly  the  number 
of  thermal  units  we  should  have  to  extract  to  solidify  the 
mass.  Taking  a  mass  consisting  of  sand  and  water  in  the 
proportions  of  three  to  one.  at  a  temperature  of  25  centi- 
grade, and  assuming  that  no  heat  is  supplied  to  the  mass 
to  be  frozen,  we  would  have  to  extract  i,i6S,ooo  thermal 
units  per  cubic  yard  to  freeze  the  material.  This  would 
permit  us.  with'an  ice-machine  of  30  tons  capacity  daily, 
to  freeze  54  cub.  yds.  per  day.  Knowing  the  cubical  con- 
tents of  the  mass  we  wish  to  freeze,  we  could,  in  this  way, 
determine  the  time  requisite  for  the  freezing.  In  most 
cases,  with  the  machines  that  would  be  used,  the  frozen 
wall  would  be  formed  in  10  or  15  days.  As  an  actual  fact 
considerable  cold  is  dissipated  through  the  earth.  It  is 
very  fortunate  for  us,  here,  that  the  soils  of  the  earth 
and   still  water   are   comparatively   poor   conductors,  the 
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•conductivity  of  water  being  about  -^^  that  ot  copper.  It 
remains  for  some  of  our  students,  who  have  the  time,  to 
determine  the  rate  through  different  kinds  of  earth 
saturated  with  water,  and  also  to  determine  the  strength 
of  these  when  frozen,  so  that,  knowing  the  strain  upon 
our  wall,  wc  may  know  how  thick  it  must  be  to  surely  re- 
sist this  strain.  ' 

In  sinking  shafts,  as  the  radial  lines  of  conductivity 
from  the  pipes  converge  toward  the  center  of  the  shaft, 
and  there  is  no  way  for  the  cold  to  get  out,  so  to  speak, 
the  entire  mass  inside  of  the  circle  of  pipes  freezes  while 
the  desired  ice  wall  is  being  frozen.  This,  of  course, 
makes  the  e.xcavation  slow  and  expensive.  Frozen  sand 
and  water  look  like  sandstone  and  seem  almost  as  hard. 
With  pick  and  shovel  workmen  in  the  bottom  of  a  shaft 
will  do  very  well  if  they  average  an  inch  an  hour  in  depth. 
Of  course,  the  idea  of  thawing  the  interior  mass  at  once 


suggests  itself.  Pipes  for  the  circulation  of  hot  brine 
could  be  inserted  before  freezing.  My  impression  is, 
however,  that  blasting  will  prove  the  preferable  method. 

Probably  the  greatest  service  which  this  invention  will 
render  will  be  in  making  practicable  the  construction  of 
subaqueous  tunnels  which  could  not  otherwise  be   built. 

In  applying  the  freezing  method  to  the  construction  of 
a  tunnel  there  are  a  number  of  ways  of  arranging  the 
ground  pipes.Where  the  depth  of  water  is  not  excessive,  and 
where  na\-igation  or  current  in  the  stream  do  not  prevent, 
it  would  seem  simplest  and  best  to  put  pipes  down  from 
above,  in  vertical  or  inclined  positions,  placing  them  in 
rows  on  either  side  of  the  proposed  e.\cavation.  They  can 
be  mcased  in  non-conductors  of  heat,  e.xcept  the  portion 
about  which  it  is  desired  to  freeze.  The  circumstances 
where  this  mannerwould  be  practicable  will  not  often  oc- 
cur. We  are  more  likely  to  meet  with  cases  like  that  of  the 
Hudson  River  Tunnel,  where  the  freezing  pipes  must  be 
put  in  from  the  completed  portion  of  the  tunnel,  reaching 
forward  beyond  the  heading.  The  problem  of  managing 
these  pipes  has  been  the  occasion  of  a  great  deal  of  study, 
because  the  heading  must  be  kept  frozen,  and  pipes  for 
further  freezing  must  be  kept  ahead  of  this.  Then,  too, 
the  pipes  must  be  so  arranged  that  they  will  not  interfere 
with  putting  in  the  permanent  lining. 

The  result  of  my  own  study  on  the  matter  is  to  place  the 
freezing  pipes  horizontal  and  parallel  and  in  a  circle  near 
the  peripherjof  the  tunnel  and  somewhere  from  3  to  6  ft. 
apart,  as  e.xperience  shall  prove  to  be  the  best  distance. 
The  brick  lining  is  kept  along  pretty  close  up  to  the  exca- 
vation. Back  at  a  convenient  distance  from  the  heading, 
in  the  finished  portion  of  the  tunnel,  I  would  have  a  frame 
which  can  be  readily  moved  forward  at  intervals.  Against 
this  frame  will  be  worked  the  hydraulic  jacks,  which  will 
be  used  to  push  the  pipes  forward.  Occasional  bricks  can 
be  temporarily  left  out  of  the  lining  to  form  offsets  which 
can  be  used  to  hold  the  frame  in  place.  Each  of  the  large 
pipes  would  have  a  small  pipe  inside,  extending  nearly  to 
the  point  where  a  diaphragm,  provided  with  a  great  num- 
ber of  small  holes,  would  form  an  obstruction  to  the  cir- 
culation. Another  small  pipe  would  pass  the  entire 
length  of  the  larger  one  and  through  this  diaphragm. 

The  ice-machine  may  be  located  outside  and  the  cold 
solution  brought  through  a  well-wrapped  pipe  to  the 
heading.  Flexible  connection  could  be  made  with  the 
system  of  pipes  so  that  the  cold  circulation  can  be  main- 
tained throughout  the  entire  length  of  the  pipe,  except 
from  the  forward  point  back  to  the  diaphragm.  There 
will  be  no  tendency  whatever  for  the  circulation  to  pene- 
trate beyond  the  diaphragm.  The  object  of  thus  limiting 
the  circulation  is  to  prevent  possible  freezing  ahead  of  the 
pipe.  When  the  excavation  has  progressed  so  that  any 
one  of  the  pipes  should  be  pushed  forward,  the  circula- 
tion of  cold  fluid  in  it  is  temporarily  suspended,  and  for  a 
few  moments  warm  brine  is  circulated  throughout  the 
entire  length  of  the  pipe,  being  permitted  to  flow  in 
through  the  longer  small  pipe.  The  result  would  be  the 
thawing  of  a  film  about  the  large  pipe.  While  thus  loos- 
ened the  pressure  would  be  put  on  the  hydraulic  jack  in 
which  the  large  pipe  terminates  at  the  inner  end,  and  by 
this  means  the  pipe  forced  forward,  say  10  or  15  ft.  The 
circulation  of  the  cold  solution  would  then  be  resumed. 
The  frozen  mass  would  form  a  guide  for  the  pipes. 


In  the  case  of  the  proposed  subways  under  Broadway, 
New  York  City,  the  availability  of  this  means  of  prevent- 

'  ing  with  absolute  certainty  any  lateral  movement  of  the 
material  about  the  foundation  of  the  buildings,  ought  to 
remove  all  fears  of  this  danger   in  connection  with  that 

j  enterprise.  Where  necessary,  in  a  case  of  this  kind,  a  row 
of  pipes  could  be  sunk  close  to  the  curb  line,  and  a  frozen 
wall  thus  placed  between  the  buildings  and  the  street  to 
be  excavated. 

This  recalls  another  work  of  great  importance  that  had 
to  be  done  with  extreme  caution,  which  could  have  been 
accomplished  with  the  greatest  of  security  by  the , new- 
method.  I  refer  to  the  spreading  of  the  foundations  of 
the  Washington  Monument,  at  Washington.  Since  the 
monument  has  been  completed  there  has  been  consider- 
able said  about  a  stratum  of  sand  which  is  said  to  exist 
below  the  foundation,  and  which  is  feared  may  at  some 
time  be  penetrated,  and    the   weight  of  the    monument 

'    squeeze  it  out  laterally.     If  this  danger  really  exists,  how 

I    easy  it  would  be  to  freeze  a  wall  about  the  monument,  ex- 

'  cavate  through  this  stratum,  and  put  in  a  permanent  bar- 
rier to  its  exit.  The  freezing  process  removes  also  the 
chief  difficulty  in  the  construction  of  subaqueous  tunnels, 
by  sinking  them  in  sections  from  above,  as  has  frequently 
been  proposed.  The  chief  difficulty  in  this  latter  method 
has  always  been  to  make  the  connection  between  the  sec- 
tions. To  do  so  by  freezing  would  be  readily  accomplished 
by  providing  the  ends  of  the  sections  with  a  pipe  running 
around  them  outside  the  tunnel  space;  then,  when  it  is 
desired  to  make  the  joint  between  two  sections,  after  filling 
the  space  between  them  with  mud,  this  latter  could  be 
frozen,  thus  forming  a  barrier  to  the  influx  of  water  while 
the  permanent  joint  would  be  made.  Another  application 
has  occurred  to  me  in  studying  the  difficulties  that  may 
have  to  be  overcome  in  buildinga  railroad  tunnel  between 
Canada  and  the  United  States,  under  the  St.  Clair  River, 
where  my  firm  is  now  driving  a  small  experimental  tunnel. 
Under  the  deepest  portion  of  the  river  there  is  scarcely 
enough  material  intervening  between  the  rock  and  the 
bottom  of  the  river  to  leave  a  safe  thickness  overhead 
while  the  excavation  is  made.  It  may  be  necessary  to  pro- 
vide what  I  may  call  an  immense  turtle-back,  which  could 
be  lowered  on  the  bottom  to  serve  as  a  temporary  roof. 

;  To  be  effective  it  should  be  provided  with  low,  sharp  sides, 
and  the  entire  under  surface  furnished  with  channels  for 
the  circulation  of  the  cold  fluid,  so  that  when  lowered  on 
to  the  bottom  of  the  river  the  thin  roof  that  would  have 
been  dangerous  could  be  converted  into  a  frozen  solid, 
which  would  perfectly  protect  the  work  underneath.  Still 
another  application  occurs  to  me  in  connection  with  this 
work.  The  material  at  the  center  line  of  the  proposed 
large  tunnel  is  such  that  we  anticipate  no  difficulty  what- 
ever in  driving  the  6  ft.  heading  which  we  are  now  com- 
mencing. Better  than  the  turtle-back  I  have  mentioned, 
it  may  be  to  use  this  trial  tunnel  as  a  means  of  freezing 
for  a  sufficient  distance  about  it  to  permit  the  excavation 
of  the  large  tunnel  entirely  in  frozen  material.  To  do  this, 
a  car  with  coils  100  or  200  ft.  long,  /.  f.,  the  coil  that  length, 
not  the  pipe,  in  which  the  vehicle  of  cold  could  be  circu- 
lated, could  be  introduced  into  the  small  tunnel  and  kept 
immediately  in  front  of  the  excavation  while  this  latter  is 
made  and  the  permanent  lining  put  in.  I  believe  that  no 
difficulty  would  be  found  in  freezing  15  or  even  20  ft. 
radially  out  from  this  small  tunnel  by  using  means  of 
ample  capacity.  Thus  it  will  be  seen  that  the  construc- 
tion of  under-water  tunnels,  one  of  the  most  hazardous 
and  expensive  kinds  of  engineering,  has  a  resource  of  in- 
calculable value  in  this  new  method. 

In  the  construction  of  deep  and  difficult  bridge  foun- 
dations, it  is  likely  also  to  render  great  service. 

Where  a  foundation  is  to  be  obtained  on  a  bed-rock 
which  is  very  unequal  in  elevation,  and  is  overlaid  by 
material  hard  to  excavate  on  account  of  water,  the  freez- 
ing method  is  admirably  adapted  to  cope  with  the  difficul- 
ties encountered.  Where  such  a  pier  is  to  be  built  in  the 
water,  a  bottomless  caisson  or  a  cofter-dam  would  have  to 
be  first  placed  in  position,  and  the  freezing- pipes  put 
down  through  or  inside  the  same.  Such  a  coffer-dam 
may  be  made  with  less  than  the  usual   care,  and   earth  of 

I    some  kind  filled  in  around  the  pipes  and  frozen.     Another 
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case  in  bridge  construction,  where  tlie  process  could  be 
most  advantageously  used,  would  be  where  it  is  desired 
to  found  a  pier  on  bare  rock,  where  the  water  is  of  con-  I 
siderable  depth.  An  open  caisson  could  be  sunk  on  to  ' 
the  rock,  being  first  provided  around  the  bottom  with  a 
pipe  througli  which  a  cold  liquid  could  be  circulated  after 
the  caisson  was  settled  to  place,  and  sand  dumped  in 
about  the  sjiace  between  the  caisson  and  bed-rock,  When 
this  would  be  frozen,  it  would  perfectly  shut  off  any 
entrance  for  the  water,  which  could  then  be  pumped  out 
and  the  bed-rock  laid  bare.  The  supreme  advantage, 
however,  of  the  process  in  bridge  work  will  be  in  obtain- 
ing foundations  where  a  trustworthy  resting-place  is  j 
beyond  the  depth  attainable  by  the  pneumatic  process, 
and  there  are  many  such  places  in  this  country,  where 
bridges  are  or  will  be  badly  needed.  It  has  one  disad- 
vantage in  comparison  with  the  pneumatic  process,  in 
any  case  where  the  two  methods  might  otherwise  be 
equally  desirable  ;  that  is,  the  excavation  has  to  be  com- 
pleted before  any  of  the  permanent  work  can  be  started. 
Whereas,  in  obtaining  a  foundation  by  pneumatic  process, 
the  caisson  itself  becomes  a  part  of  the  pier,  and  the 
masonry  is  laid  on  the  caisson,  while  the  latter  is  under- 
mined and  sunk.  In  other  words,  the  pneumatic  method 
would  require  less  time. 

It  has,  however,  the  disadvantage  that  the  caisson  can- 
not always  be  sunk  in  the  exact  position  desired,  and  the 
foundation  is  therefore  generally  superfluously  large, 
adding  in  this  way  to  the  cost.  By  first  excavating  to  the 
bed-rock,  the  foundation  could  be  built  in  the  precise 
location  and  of  the  exact  dimensions  desired. 

Where  a  ship  has  been   sunk   by  collision,   making   it    i 
difficult  to  close  the  break,  so  that  she  could  be  pumped 
out  and  raised,  the  opening,  however  irregular,  might  be 
readily  closed  by  freezing. 

To  accomplish  this,  it  would  only  be  necessary  to  lower 
a  coil  of  pipe  into  or  about  the  opening,  throwing  some- 
thing into  the  latter  to  impede  the  circulation  of  water, 
and  then  circulating  the  brine  and  freezing  the  opening 
fast.  In  salt  water  it  would,  of  course,  take  a  very  low 
temperature  to  accomplish  the  freezing.  It  would  not 
be  difficult  to  make  an  ice  machine  to  produce  an  exces- 
sively low  temperature.  Those  now  made  for  commercial 
purposes  can  produce  a  working  temperature  of  at  least 
15°  or  20°  below  zero,   Fahrenheit. 

An  early  application  of  the  new  process  is  likely  to  be 
made  in  sinking  a  shaft  to  a  bed  of  sulphur,  discovered 
several  years  ago  in  Louisiana.  This  occurs  at  a  depth 
nearly  500  ft.  bilow  the  surface,  and  to  reach  it,  beds  of 
sand  have  to  be  penetrated  where  the  head  of  water  in 
same  is  300  ft.  An  effort  was  made  to  pass  through  this, 
but  failed,  after  an  expenditure  of,  I  believe,  somef)2oo,ooo. 
To  sink  this  shaft,  the  pipes  would  either  have  to  be  put 
down  the  entire  length  at  the  start,  or  else  resort  would 
have  to  be  had  to  some  method  similar  to  those  men- 
tioned in  connection  with  tunnels;  or  it  might  be  better 
to  build  the  upper  portion  of  the  shaft  so  large  that  near  ■ 
the  ends  of  the  first  set  of  pipes  put  in,  an  offset  could  be 
made,  throjgh  which  a  second  set  could  be  inserted.  I 

I  have  now  mentioned  the  peculiar  fitness  of  the 
Poetsch  method  for  certain  classes  of  work  The  chief 
difficulty  in  applying  it,  where  there  is  any  difficulty,  will 
be  to  insert  the  pipes  properly.  This  difficulty  is  likely 
most  often  to  arise  from  the  presence  of  boulders  or  logs 
in  the  material  to  be  penetrated.  It  is  true  this  can  be 
overcome  by  drilling,  but  it  would  be  very  expensive. 
There  has  not  yet  been  sufficient  experience  obtained  to 
enable  us  to  determine  the  best  sizes  of  ground  pipes  and 
the  maximum  space  we  <lare  leave  between  them.  Mr. 
Poetsch  has  continued  to  copy  his  first  success,  using 
8-in.  pipes  placed  about  a  meter  apart.  In  some  cases  the 
pipes  have  not  been  sunk  exactly  as  desired,  leaving  a 
space  5  or  6  ft.  between  them  at  the  bottom  ;  still,  the 
frozen  mass  was  continuous.  The  fact  is  that  the  freez- 
ing is  due  to  the  cooling  of  the  entire  mass  in  the  vicinity 
of  the  pipes,  and  it  would  seem  more  a  question  of  total 
quantity  of  cold  inserted,  and  distance  from  the  center  ol 
application  ,if  this  than  the  distance  of  the  point  from 
any  individual  pipe. 

Another  possible  difficulty  that  will  occur  only  in   rare 


cases  is  the  presence  of  considerable  quantities  of  running- 
water  through  the  material  to  be  frozen,  which  would  thus 
be  a  vehicle  to  carry  away  the  cold  as  fast  as  supplied. 
This  difficulty  is  more  likely  to  be  encountered  in  sinking 
shafts  to  existing  mines  where  pumping  is  in  progress. 
As  regards  cost  of  doing  work  by  this  process,  if  we  ex- 
cept the  expense  of  the  possible  difficulties  just  men- 
tioned, we  may  estimate  beforehand  the  cost  of  a  pro- 
posed work,  with  more  accuracy  than  by  any  other  method  ; 
and  we  may  say  the  same  with  regard  to  the  time  required. 
This  because  of  the  certainty  of  removing  the  greatest 
contingency  in  such  works,  namely,  that  due  to  the  influx 
of  water  or  soft  material.  The  enemy  is  converted  to 
an  ally  and  made  to  stand  guard  while  the  victory  is  won. 

In  underwater  works  accidents  very  often  occur  from 
the  failure  of  machinery.  Imagine,  for  instance,  what 
would  have  happened  to  the  great  pier  at  Havre-de- 
Grace,  had  our  pneumatic  machinery  failed,  even  for  a 
few  hours,  while  we  were  holding  the  pier,  weighing  mil- 
lions of  pounds,  on  a  cushion  of  air.  With  a  frozen  wall 
several  feet  above  us,  we  would  have  been  in  safety  while 
any  conceivable  accident  to  the  ice-macliinery  could  be 
repaired,  as  it  would  have  taken  several  days,  or  at  least 
many  hours,  for  dangerous  thawing  to  occur.  It  has  been 
customary  in  Europe,  and  will  probably  always  be  advis- 
able, to  keep  the  ice-machine  running  until  the  permanent 
work  is  put  in  place. 

Difficulty  might  be  anticipated  in  putting  in  a  brick  or 
masonry  wall  close  to  the  frozen  material.  As  a  fact,  no 
difficulty  has  been  experienced  in   doing  this. 

The  Old  World  was  a  more  favorable  field  than  the 
United  States  for  the  development  of  this  process,  because 
the  coal  fields  have  been  more  completely  exhausted,  and 
the  time  was  ripe  for  the  invention  of  a  means  of  reach- 
ing the  more  inaccessible  ones.  Until  three  decades  ago 
it  was  deemed  practically  impossible  to  bridge  the  Mis- 
souri or  the  lower  Mississippi,  or  to  obtain  adequate 
foundations  in  many  other  places  where  the  difficulties 
have  since  been  successfully  overcome  by  the  pneumatic 
process.  And  just  as  this  has  rendered  easy  and  of  com- 
mon occurrence  the  execution  of  works  not  long  ago  re- 
garded as  impossible,  so  this  freezing  method  seems  des- 
tined to  make  a  step  forward  of  no  less  importance. 


Lake    Shipbuilding. 


The  outlook  for  the  coming  season's  lake-carrying 
trade  is  so  flattering  that  vesselmen  have  not  only  ad- 
vanced their  rates  very  considerably,  but  they  have  gener- 
ally concluded  that  more  ships  can  be  profitably  em- 
ployed. They  have,  therefore,  rushed  their  orders  into 
the  shipyards' from  Buffalo  to  Milwaukee,  and  shipbuild- 
ers are  now  as  busy  as  bees,  hurrying  to  complete  as 
many  vessels  as  possible  in  time  to  catch  at  least  a  por- 
tion of  the  coming  season's  traffic.  The  vessels  which 
are  now  being  built  are  not  little  schooners,  such  as  were 
turned  out  in  former  days,  but  almost  all  of  them  are 
large  steamships,  averaging  over  2,000  tons  in  carrying 
capacity.  A  number  of  them  will  have  wooden  hulls,  but 
the  largest  and  finest  vessels  will  have  steel  hulls,  while 
their  appointments  are  generally  of  the  most  approved 
style  of  marine  architecture.  Great  strides  have  been 
taken  in  this  respect  by  the  lake  shipbuilders  during  the 
past  few  years,  and  their  work  will  not  suffer  when  com- 
pared with  that  ot  the  seaboard  builders. 

The  greatest  activity  in  lake  shipbuilding  is  at  Cleve- 
land, Ohio,  where  16  vessels  are  in  process  of  construc- 
tion at  the  present  time.  Next  in  importance  are  Detroit 
and  Bay  City,  Mich.,  at  each  of  which  places  nine  vessels 
are  under  way.  At  Buffalo,  N.  Y.,  three  steamships  are 
being  built,  and  the  same  number  at  Trenton,  Mich.  At 
Milwaukee,  Wis.,  two  are  under  construction,  while  at  a 
number  of  small  shipyards  at  various  locations  on  the 
lakes  single  ships  are  being  built.  The  Cleveland  vessels 
will  cost  from  $120,000  to  S265.000  apiece,  and  will  each 
carry  from  2,000  to  3,000  tons  of  freight.  The  Detroit 
vessels   are   of   greater   variety,   ranging  from    1,200-toii 
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barges  to  2,650-ton  steamships,  and  costing  from  S75.000 
to  S275.000.  The  Buffalo  vessels  are  all  large,  from  2,000 
to  2.S00  tons,  and  will  cost  from  Si 35.000  108300,000.  An 
estimate  of  the  total  number  of  lake  vessels  now  being 
built,  their  carrying  capacity  and  cost  is  as  follows  : 

Port.                                                      No.  Tons.  Cost. 

Clevelaad 16  36.500  $2,340,000 

Buffalo 3  7,600  735,000 

Detroit 9  i6,aoo  1,301,000 

Bay  City 9  18,600  1,060,000 

Trenton 3  5,800  3>S>ooo 

Marine  City 1  1,300  no,ooo 

St.  Clair 1  3,400  130,000 

Milwaukee 2  4,500  270,000 

Grand  Haven i  2,500  130,000 

Mt.  Clemens i  200  4.000 

Baraga 1  1,600  35,000 

Total  47  98,200  $6,440,000 

In  looking  over  this  table  it  is  worthy  of  remark  that 
Chicago  is  not  found  in  it.  The  City  of  Chicago  has  vast 
commercial  interests,  second  to  no  other  ciiy  located  on 
the  lakes,  and  its  merchants  and  business  men  are  heavily 
interested  in  shipping,  owning  an  important  part  of  the 
new  vessels  being  built  elsewhere  ;  but  it  has  no  shipyard. 
In  this  respect  Cleveland,  Detroit  and  Buffalo,  to  say 
nothing  of  still  smaller  cities,  cast  it  completely  in  the 
shade.  This  is  all  the  more  remarkable,  as  Chicago  busi- 
ness men  are  alert  and  progressive,  having  distinguished 
themselves  in  every  branch  of  the  iron  and  steel  trades 
into  which  they  have  embarked.  If  a  modern  iron  and 
steel  shipyard  can  be  sustained  at  Buffalo,  there  would 
certainly  seem  to  be  hope  for  one  to  succeed  at  Chicago. 


Indian  State  Railroads. 

At  the  close  of  their  last  fiscal  year  the  state  or  gov- 
ernment railroads  of  India  included  5.350  miles  in  opera- 
tion, and  there  were  in  addition  2.265  miles  under  con- 
struction, and  435  miles  under  survey.  These  lines  were 
divided  as  follows : 

In                   Under  Under 

Operation.  Construction.  Survey. 

Imperial  lines 3,010                   1,204  67 

Provincial  lines 1.554                       286  54 

Imperial  lines  worked  by  companies..          316                       715  289 

Native  State  lines 470                       60  25 

Total 5,350  2,265  435 

1  he  Indian  Engineer  says  ;  "The  rate  of  progress  in 
opening  up  new  lines  is,  to  say  the  least,  disappointing. 
During  the  official  year  ending  March  31  last,  only  264;-2 
additional  miles  were  added  to  the  State  railway  system, 
and  for  the  si.x  months  from  April  i  to  September  30  last, 
the  new  length  opened  amounted  to  only  72  miles.  It 
is  not  to  be  wondered  at  that  with  so  miserable  a  speed 
of  development  the  •  indirect '  charges  and  the  ordinary 
establishment  expenses  debitable  to  capital  should  attain 
such  extravagant  proportions.  But  such  has  been  done 
of  late  toward  economizing  these  charges,  and  the  lines 
now  being  opened  up  by  the  State,  and  the  assisted  com- 
panies, will,  it  is  believed,  show  greatly  reduced  figures 
for  these  accounts.  The  over-cautious  system  followed 
by  the  Government  of  India,  requiring  the  strictest  scru- 
tiny into  small  and  unimportant  details,  and  the  withhold- 
ing of  sanction  to  the  whole  undertaking  until  some  trifling 
local  question  was  finally  arranged,  has  had  much  to  do 
with  the  tardy  rate  of  progress  that  has  characterized 
the  development  of  railways  in  this  country  from  the  be- 
ginning of  operations  down  to  the  present  time.  It  is 
generally  admitted  that  the  staff  forming  the  Indian  Ex- 
ecutive is  as  elBcient  as  any  similar  body  of  officials  in 
any  other  part  of  the  world  ;  but  no  liberty  of  action  is 
allowed,  and  therefore  there  is  a  small  chance  for  the  offi- 
cers to  distinguish  themselves. 

"Excluding  the  East  Indian,  and  omitting  the  Imperial 
lines  worked  by  companies  or  owned  by  native  States, 
the  Government  of  India  possessed  on  December  31  last 
4,564  miles  of  railway  open  to  traffic,  and  \.\r)o)i  under 
construction,  besides    121    miles   under  survey.     *     *     * 

There  is  a  marked  reduction  in  the  expenditure  on  con- 
struction and  equipment  on  the  lines  lately  brought  under 
traffic,  and  there  is  reason  to  hope  that  the  days  of  ob- 
struction and  petty  interference  from  supreme  headquar- 


ters are  henceforth  to  be  numbered  among  the  things  of 
the  past.  Of  the  2,265',  miles  under  construction  643^^ 
are  classed  as  '  Political.'  being  a  part  of  the  Sind-Pishin 
and  Sind-Sagar  extensions,  including  57  miles  of  the  tem- 
porary Bolan  line.  The  Indian-Midland  had  311  '4  miles; 
the  Southern-Mahratta.  403^^  ;  the  Nagpur-Bengal.  287^  ; 
the  Assam-Behar,  ia4,'4  ;  the  Lucknow-Sitapur-Kheri, 
124;  and  the  Bellary-Kistna  and  Cuddahpah-Nellore  208 
miles  of  works  in  hand  at  the  end  of  the  year.  The  por- 
tions under  survey  were  confined  mostly  to  289  miles  of 
the  Indian-Midland,  54  of  the  Assam-Behar,  and  45  miles 
of  the  Nagpur-Bengal ;  but  since  the  close  of  the  report 
under  review,  December  31  last,  many  other  important 
surveys  have  been  decided  upon,  a  part  of  which,  together 
with  the  preliminary  estimates,  etc..  are  either  completed 
or  in  a  forward  state.  In  the  proposed  extensions  we  are 
glad  to  find  that  Madras  is  to  receive  its  fair  share,  for 
631  miles — 414  'Imperial'  and  217  'Local' — have  been 
under  survey  during  the  current  year,  and  actual  work  is 
expected  to  commence  on  several  sections  during  1887." 


Photographic  Map  Reduction. 
[Paper  read  before  the  Engineers'  Club  of  Philadelphia,  by  O.  B.  Harden.] 

The  reduction  of  maps  and  plans,  forming  as  it  has  a 
large  part  of  the  work  of  the  drawing  office  of  the  Geo- 
logical Survey,  has  led  to  the  constant  use  of  the  camera 
in  reducing  and  duplicating  the  maps  which  have  been 
placed  at  its  disposal ;  and  believing  that  its  general  use 
would  be  to  the  interest  of  engineers  I  desire  to  call  the 
attention  of  the  club  to  this  method  of  reduction. 

The  first  use  of  the  camera  by  the  survey  for  this  pur- 
pose was  in  18S3,  when  it  was  desired  to  have  a  quicker 
and  cheaper  method  of  reducing  the  large  mine  maps  of 
the  coal-operating  companies  10  the  working  scale  of  the 
survey,  a  reduction  of  from  100  ft.  to  600  ft.  to  i  in.  It 
was  found  to  be  so  large  a  saving  of  time  and  labor  (hav- 
ing up  to  this  time  used  the  pantagraph)  that  all  the 
maps  since  that  time,  of  any  magnitude,  have  been  so 
reduced. 

Having  made  use  of  the  existing  information  in  the 
special  areas  in  which  work  has  been  prosecuted,  it  has 
been  frequently  necessary  to  have  maps  reduced  and 
duplicated  in  the  shortest  possible  time,  in  order  that  the 
original  maps  might  not  be  long  away  from  the  offices  in 
which  they  were  frequently  used.  This  is  especially  true 
of  railroad  maps.  The  time  necessary  to  do  this  became 
a  matter  of  importance,  and  as  the  most  accurate,  quick- 
est and  cheapest  means  of  reduction,  they  have  been 
reduced  by  the  camera. 

The  maps  have  been  of  a  variety  of  scales,  from  100  ft. 
to  I  in.,  to  6  miles  to  i  in.,  and  have  been  reduced  as 
small  as  10  miles  to  i  in.  It  has  not  been  found  that  the 
size  of  the  reductions  affected  in  any  way  their  accuracy. 
It  may  be  remarked  that,  however  small,  there  is  that 
fidelity  in  detail  that  is  only  equalled  by  the  photographic 
lens.  To  those  who  are  accustomed  only  to  the  more 
common  methods  of  reduction  and  the  fallibility  of  the 
ordinary  draughtsman,  this  fidelity  to  detail  is  gratifying. 
Even  by  the  use  of  the  pantagraph  and  rectilinear  lines, 
the  reduction  may  be  accurate  in  length  and  breadth  and 
yet  be  perceptiblv  wrong  within  a  square,  dependent  upon 
the  care  of  the  draughtsman. 

In  many  cases  the  mine  maps  reduced,  being  in  the 
conventional  color  of  the  bed,  have  not  photographed 
well,  especially  so  in  the  case  of  ultramarine  and  purple 
shades,  which  have  to  be  strengthened  on  the  print  in 
order  to  be  observed  through  the  tracing  cloth.  This  is 
so  with  the  specimen  prints  of  the  workings  of  the  Penn- 
sylvania Coal  Company. 

'  The   beautiful  regularity  of  the  mine  workings  shown 
in  these  reductions  is  a  marked  feature. 

The  originals  of  the  alignment  of  the  Pottsville  & 
Mahanoy  Railroad  were  drawn  in  colors,  black,  chrome- 
orange,  purple,  red  and  green,  and  as  shown  on  the  prints 
it  has  been  necessary  in  the  case  of  the  red  and  purple 
lines  to  strengthen  them.  I  desire  to  call  special  atten- 
tion to  these  prints  as  being  typical  of  the  work  of  Messrs. 
Julius  Bien  cS:   Co..  of  New  York,  who  do  this  work  for 
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the  Survey.  The  green  color  having  been  made  up  of 
yellow  and  blue,  the  yellow  on  the  original  has  separated 
and  produced  a  heavy  blurred  line.  The  contour  lines 
are  drawn  in  chrome-orange.  The  lines  drawn  in  black 
appear  the  most  distinct,  hence  it  is  preferable  that  maps 
should  be  in  black  to  photograph  well. 

The  scale  of  these  prints  is  i  mile  to  i  in.,  reduced  from 
1. 000  ft.  to  I  in.  It  is  necessary  in  joining  them  together 
that  it  be  quickly  done  and  as  little  paste  used  as  possible, 
as  the  paper  is  very  sensitive.  It  is  more  expeditiously 
done  by  overlapping  the  prints  and  pricking  holes  through 
two  common  points  on  each,  mark  out  and  cut  off  the  one 
print  to  overlap  the  other  half  an  inch,  paste  the  lower 
print  and  stick  the  pins  back  into  the  same  holes ;  the 
two  prints  are  then  coincident. 

There  is  practically  no  limit  to  the  size  of  map 
which  may  be  photographed,  as  it  is  only  exposed  to  the 
camera  in  sections  of  about  live  feet  square,  when  the 
negative  required  be  as  large  as  21  x  25  in.,  this  being  the 
largest  size  taken  by  Bien  &  Co. 

The  maps  are  reduced  to  their  proper  size  by  the 
operator  tacking  a  strip  of  paper  with  the  original  scale 
upon  it  above  the  section  of  map  to  be  reduced,  another 
strip  being  cut  the  reduced  size  and  held  up  to  the  ground 
glass  of  the  camera  until  it  is  so  focused  as  to  be  the  re- 
quired scale. 

The  only  element  of  error  entering  into  the  reduction 
of  maps  by  the  camera,  aside  from  the  care  and  skill  of 
the  operator,  is  the  expansion  and  contraction  of  the 
sensitive  paper.  It  should,  however,  come  back  to  its 
original  size  after  immersion  ;  if  it  is  found  not  to  do  so. 
an  allowance  is  made  by  making  the  scale  larger  or  smaller 
as  the  case  may  require.  The  accuracy  of  the  reduction 
depends  as  much  upon  the  perfect  adjustment  of  the  map 
at  right-angles  to  the  line  of  sight  as  to  the  scaling  by  the 
operator. 

It  is  unnecessary  more  than  to  mention  that  there  is  no 
error  due  to  distortion,  this  being  compensated  for  by  the 
combined  lenses  used  for  such  work. 

The  largest  maps  reduced  for  the  Survey  are  the  splen- 
did topographical  maps  of  the  Philadelphia  Water  De- 
partment, being  the  results  of  its  surveys  for  a  future 
water  supply  for  Philadelphia. 

These  maps  cover  an  area  of  446  square  miles  in  Mont- 
gomery and  Bucks  Counties,  and  have  been  reduced  from 
400  ft.  to  1  in.,  to  1,600  ft.  to  1  in.  The  area  of  original 
map-surface  is  about  773  square  feet.  The  area  of  map- 
surface  of  the  prints  when  put  together  isabout  193  square 
feet.  The  reduction  of  this  immense  surface  has  been 
made  in  30  negatives.  The  maps  are  made  in  colors,  the 
roads  yellow,  the  timbered  areas  green,  the  buildings  in 
red  and  the  streams  in  blue. 

In  order  to  prevent  any  errors  resulting  from  the  shrink- 
age or  imperfect  joinage  of  the  prints,  a  templet  will  be 
constructed  for  the  final  map  with  the  lines  of  latitude 
and  longitude  on  a  polyconical  projection  drawn  upon 
them,  these  lines  being  on  the  original  map. 

A  comparison  of  the  cost  shows  that  there  is  a  saving 
of  about  40  per  cent,  over  the  other  methods  of  reduction. 
This  is  where  a  reduction  alone  is  required  and  where  the 
map  will  answer  its  purpose  upon  the  sensitive  paper; 
where,  however,  the  map  is  required  upon  tracing  cloth, 
or  where  it  has  to  be  transferred  to  a  more  substantial 
paper,  the  saving  is  about  30  per  cent. 


Steam  Ferries  vs.  Large  Bridges. 
[Major  W.  Sedgwick,  R.  E„  in  the  /m/ia>,  Enghu-cr.} 

There  seems  to  be  at  present  upon  our  railroads  in  this 
country  a  rage  for  building  large  bridges,  and  an  innate 
antipathy  to  everything  in  the  shape  of  river  navigation. 

From  the  last  Administration  Report  of  the  Railroads 
in  India,  it  appears  that  in  1885-86  there  were  at  least  nine 
large  railroad  bridges  under  construction  in  Upper  India 
alone. 

Now  we  may  perhaps  assume  with  safety  that  the  con- 
struction of  these  nine  large  bridges  with  their  approaches 
and  protective  works  will  involve  an  expenditure  sufficient 


to  have  built  and  equipped  500  or  600  miles  or  more  of 
broad-gauge  railroad  with  a  surface  track  ;  and  five  or  six 
times  as  great  as  the  amount  which  would  have  been 
required  if  steam  ferries  had  been  used  instead  of 
bridges. 

The  worst  of  it  is  that,  in  view  of  such  heavy  expendi- 
ture, people  will  be  apt  to  imagine  that  we  must  be  mak- 
ing great  progress  in  railroad  construction  ;  although  in 
reality  the  expenditure  on  large  bridges  is  being  incurred 
mainly  in  substituting  one  method  of  crossing  large  rivers 
for  another,  much  more  troublesome  indeed,  but  at  the 
same  time  less  costly  by  far. 

It  is  not  of  course  possible  for  a  moment  to  doubt  the 
vastness  of  the  importance  of  large  bridges  in  a  wealthy 
country,  nor  the  grandeur  of  the  service  rendered  to  the 
world  at  large  by  those  who,  as  at  the  two  Hooghly 
bridges,  have  shown  us  improved  ways  of  constructing 
large  bridges  ;  neither  can  it,  of  course,  for  a  moment  be 
doubted,  that  if  funds  in  plenty  were  available  for  railway 
work  it  would  be  well  to  build  large  bridges  freely  in  In- 
dia. But  as  large  bridges  are  very  costly  and  money  is 
scarce,  and  the  want  of  funds  prevents  the  construction  of 
a  multitude  of  lines  which  are  indispensable  for  the  de- 
velopment of  the  country,  it  may  be  worth  while  to  con- 
sider whether  India  could  not  for  the  present  get  on  very 
well  without  large  bridges.  The  necessity  of  looking  into 
the  matter  at  this  particular  time  arises  from  the  fact  that 
the  successful  completion  of  bridges,  such  as  theHooghly 
and  the  Sukkur  bridges,  will  certainly  brmg  into  the  field 
many  other  projects  of  a  similar  kind,  but  doubtless,  in 
some  cases,  on  a  more  extensive  scale. 

If  we  do  not  bridge  our  large  rivers,  we  must,  of  course, 
put  steam  ferries  upon  them.  It  may  be  worth  while, 
therefore,  to  look  into  the  working  of  some  of  the  existing 
steam  ferries  with  a  view  to  ascertaining  their  capabilities, 
and  whether  there  is  any  real  reason  why  we  should  not 
be  contented  to  use  them  on  our  large  rivers  in  the  pre- 
sent condition  of  India,  in  place  of  building  expensive 
bridges. 

We  find  then,  from  the  Administration  Report  before 
referred  to,  that  the  Indus  Valley  State  Railroad  has  prac- 
tically demonstrated  the  possibility  of  sending  loaded  rail- 
road carriages  or  wagons  or  even  locomotives  bodily 
across  the  largest  rivers  by  steam  ferries,  to  any  extent 
which  can  possibly  be  required,  by  actually  sending  no  less 
than  93.483  broad-gauge  wagons  and  50  locomotives 
across  the  Indus  at  Sukkur  in  1885,  or  an  average  of  over 
250  broad-gauge  wagons  per  day  ;  and  thus  have  shown, 
also,  that  it  is  quite  unnecessary  to  put,  as  is  now  ordi- 
narily done,  passengers  to  the  inconvenience  of  turning  out 
of  their  carriages  at  a  ferry  perhaps  early  in  the  morning 
or  late  at  night  when  they  have  comfortably  settled  them- 
selves for  a  long  journey  ;  and  add  thus  to  the  many  an- 
noyances which  have  to  be  endured  in  railway  traveling  in 
India  ;  and  also  that  it  is  quite  unnecessary  to  put  the  staff 
of  the  railroad  to  the  trouble  of  unloading  wagons  into 
flats  at  a  ferry,  and  then  the  flats  again  into  wagons,  and 
getting  consignments  sorted  after  they  have  been  mixed 
up  upon  the  flats  ;  since  carriages  and  wagons  alike  can  be 
sent  bodily  across  by  the  ferry  with  their  loads.  The 
North  Bengal  State  Railroad  has  shown,  at  the  ferry  over 
the  Ganges  at  Sara,  that  the  detention  at  a  ferry,  even  in 
the  case  of  the  largest  and  most  troublesome  rivers,  need 
not  be  greater  than  the  ordinary  detention  at  a  large  junc- 
tion between  railways  owned  by  two  different  companies; 
and  has  shown  also  that  by  arranging  to  give  passengers 
one  of  their  meals  upon  the  ferry  steamer  the  detentions 
at  a  ferry  can  be  utilised,  and  a  long  stoppage  at  some 
other  point  upon  the  road  thus  avoided.  The  North  Ben- 
gal State  Railroad  has  further  shown  that  a  steam  ferry 
can  be  worked  by  night  as  easily  as  by  day,  if  the  river 
channel  is  regularly  surveyed  and  marked  out  by  colored 
lights  :  and  has  thus  done  good  service  not  only  to  steam 
ferries,  but  also  to  the  cause  of  Indian  Inland  Navigation 
by  making  it  clear,  that  if  we  will  go  to  a  comparatively 
little  expense  annually  in  surveying,  improving,  and  light- 
ing the  channels  of  our  great  rivers,  steamers  nill  be  able 
to  run  over  them  by  night  as  well  as  by  day  :  and  our  mag- 
nificent Indian  waterways  will  then  take  their  proper 
place  as  subsidiary  lines  of  communication  of  the  cheapest 
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and  most  useful  description,  instead  of  being  neglected 
and  despised. 

We  do  not  find,  however,  that  any  railway  has  as  yet 
made  a' serious  attempt  to  diminish  tlie  diliiculty  of  work- 
ing a  ferry  on  a  river  with  a  wide  and  shifting  channel ; 
but  it  would  appear  that,  so  far,  railways  have  been  con- 
tented to  go  on  putting  down  ghat  stations  and  taking 
them  up  again  each  time  the  river  shifts  its  channel,  per- 
haps even  twice  in  a  year.  And  yet  there  seems  no  reason 
to  doubt  that  it  would  be  quite  possible  to  have  permanent 
ferry  stations,  even  at  the  most  troublesome  rivers,  by  sim- 
ply arranging  to  lead  the  river  to  some  permanent  site 
upon  the  railroad  by  steamer  canal,  instead  of  leading,  as 
is  now  done,  the  railroad  to  the  shifting  river's  edge  by  a 
ghat  line  and  station.  In  the  construction  of  steamer 
canals  it  would  often  be  possible  to  utilize  the  channels  of 
nullahs  or  khalls  :  or  failing  these,  the  river  itself,  when  in 
flood,  could,  if  the  flow  were  directed  by  a  suitable  ar- 
rangement of  mat  bunds  through  a  small  cut  so  as  to  en- 
large the  cut  by  the  scour,  be  made  to  do  much  of  the  ne- 
cessary e.\cavation. 

If  the  river  cuts  in  after  a  steamer  canal  has  been  con- 
structed, the  length  of  the  canal  will  simply  be  shortened 
and  the  canal  thereby  improved;  and,  if  the  river  goes  off, 
the  canal  can  easily  be  extended  so  as  to  meet  it 
again  ;  and  no  other  alteration  beyond  some  dredging  an- 
nually will  be  necessary.  But  in  the  case  of  a  ghat  station 
the  whole  station  has  to  be  reconstructed  at  great  trouble 
and  expense  every  time  the  river  changes  its  course,  whe- 
ther it  cuts  in  or  whether  it  goes  off. 

In  any  case  it  would  seem  clear  that  the  present  defects 
in  steam  ferries  can  be  got  rid  of  to  a  great  extent  by 
adopting  improved  methods  of  viforking. 

But  having  looked  thus  at  the  defects  of  steam  ferries, 
we  may  now  glance  at  their  advantages,  and  it  is  iiuite  clear 
that  they  offer  in  some  respects  decided  advantages  ;  for 
we  find,  in  the  first  place,  that  in  the  matter  of  cost  the 
capital  outlay  on  a  steam  ferry  is  small  in  comparison  with 
that  on  a  large  bridge.  Thus  we  find  that  a  steam  ferry 
across  the  Ganges  on  a  scale  sufficient  to  take  the  traffic 
of  a  railroad  such  as  the  North  Bengal  or  the  Tirhoot  State 
Railroad  does  not  cost  more  than  S'So.ooo  to  $215,000, 
though  the  channel  crossed  at  Sara  or  Mokameh  is  two 
miles  or  more  in  width,  and  the  capital  cost  of  a  bridge 
would  certainly  be  10  or  12  times  as  much.  And  then  the 
cost  of  working  a  steam  ferry  can  be  entirely  recouped  by 
levying  a  special  charge  for  the  ferry,  while  no  extra 
charge  can  be  levied  on  account  of  a  railroad  bridge  ;  al- 
though the  annual  charges  for  interest  on  capital  expen- 
diture upon  a  large  bridge,  with  its  protective  works  and 
approaches,  will  alone,  if  loss  by  exchange  is  allowed  for, 
cover  the  entire  working  expenses  of  a  steam  ferry,  as  is 
very  plainly  shown  by  the  .'Xdministration  Report  of  the 
Railroads  in  India.  From  these  reports  it  appears  that  the 
Sukkur  ferry  over  the  Indus  was  worked  in  1885  by  the 
Indus  Valley  State  Railroad  at  a  cost  of  S74.867,  and  that 
the  cost  has  a  tendency  to  fall  rather  than  to  rise  ;  for  we 
find  that  in  1881  when  31,976  wagons  were  sent  across  by 
the  ferry  the  cost  was  $61,259,  and  in  1883  when  62,353 
wagons  were  sent  across,  $76,599;  while  in  18S5  when  93.483 
wagons  were  sent  across  the  cost  was  only  $74,867.  It  ap- 
pears also  that  the  cost  of  working  the  steam  ferry  on  the 
Tirhoot  State  Railway  over  the  Ganges  at  Mokameh  fell 
from  $45,555  in  1884  to  $40,088  in   1885. 

But  if  a  ferry  such  as  that  over  the  Indus,  at  Sukkur, 
with  250  broad-gauge  wagons,  on  an  average,  to  be  sent 
across  daily,  can  be  worked  at  an  annual  cost  of  $74,867  ; 
and  the  traffic  of  the  Tirhoot  State  Railway  in  18S5  across 
a  river  two  miles  in  width,  such  as  the  Ganges  at  Moka- 
meh, at  a  cost  of  $40,088.  it  seems  plain  that  the  annual 
charges  for  interest  on  capital  outlay  on  a  large  bridge, 
with  its  approaches  and  protective  works,  would  in  any 
case  fully  cover  the  working  expenses  if  the  large  bridge 
were  replaced  by  a  steam  ferry;  while  in  addition  to 
charges  on  account  of  interest,  there  are  maintenance 
charges  and  charges  for  depreciation  on  account  of  the 
gradual  deterioration  of  the  superstructure  and  for  flood 
damages  to  be  allowed  for  in  the  case  of  the  large  bridge. 

The  steam  ferry  has  a  further  advantage  over  a  bridge 
as  a  means  of  crossing  large  rivers  by  giving  much  greater 


freedom  in  the  choice  of  an  alignment  for  the  railway,  and 
]    in  requiring  no  delay  during  construction  and  also  in  ad- 
mitting of  easy  removal,  if  it  should  be  necessary,  for  any 
reason  to  shift  the  site  of  the  crossing. 

Hence   it  would  seem   that  both   from  a  financial  and 
from  an  economical  point  of  view  the  steam  ferry  has,  along 
with  its  defects,  decided  advantages  over  the  the  bridge  in 
'    the  case  of  large  rivers. 

j  Whatever,  then,  rich  countries  may  do,  it  would  seem 
j  that,  in  a  poor  and  undeveloped  country,  such  as  India  at 
present  is,  we  should  do  well  to  keep  to  steam  ferries  at 
large  river  crossings,  though  insisting  indeed  on  improved 
methods  of  working  being  adopted  at  our  ferries  so  as  to 
do  away,  at  least,  with  the  necessity  forturning passengers 
out  of  their  carriages,  or  breaking  bulk  in  the  case  of 
goods  traflic;  and  should  do  well  to  discourage  all  projects 
for  large  bridges  except  in  special  cases. 

In  regard  to  the  military  side  of  the  question,  we  must 
danot  forget  that  large  bridges  in  India  are  liable  to  be 
maged  not  only  in  the  ordinary  course  by  railroad  acci- 
cidents  and  liy  floods,  but  also  in  times  of  disturbance  by 
dynamite,  and  by  derailments  of  rolling  stock  designedly 
;  brought  about.  And  it  is  beyond  question  that  the  native 
staff,  by  which,  to  a  large  extent,  all  our  railroads  are  now 
worked,  will  form  a  weak  point  in  our  communications  in 
times  of  disturbance,  which  will  increase  greatly  the  dif- 
culty  of  guarding  ourlarge  bridges  in  these  days  when  des- 
tructive appliances  have  been  brought  to  such  a  state  of 
perfection  that  a  native,  whose  dark  skin  and  stealthy  ap- 
proach will  be  perfectly  invisible  at  night  even  to  the 
most  vigilant  of  sentries,  will  be  able  to  carry  and  aflix 
charges  sufficient  to  damage  hopelessly  the  superstructure 
of  a  large  bridge. 

Besides,  in  the  case  of  large  spans,  it  may  be  well  to  re- 
member that  we  have  at  present  no  means  of  forming  an 
opinion  in  regard  to  the  durability  of  the  superstructure, 
which  may  possibly  fail  much  sooner  than  we  imagine 
under  the  effect  of  vibration  transmitted  through  long 
distances,  and  therefore,  in  all  probability,  through  some 
weak  places;  transmitted,  too,  in  the  case  of  cantilever 
bridges,  through  more  or  less  open  joints  at  the  centi- 
levers,  and  therefore,  to  some  extent,  by  blows. 


The  Electric  Lighting  of  Trains. 

(From  the  Electrical  Review.) 

Messrs.  R.  E.  Crompton  and  J.  Swinburne  have  re- 
cently patented  some  improvements  in  the  electric  light- 
ing of  trains,  which  appear  likely  to  be  of  considerable 
value.  One  of  the  difficulties  in  train  lighting  is  that  if 
the  dynamo  is  driven  from  the  axle  it  does  not  go  at  a 
uniform  speed.  To  get  over  this  difficulty,  the  inventors 
adopt  the  following  arrangement :  The  dynamo  is  driven 
off  a  countershaft,  which  is  driven  off  the  axle  of  a  car- 
riage or  van.  ■  The  countershaft  is  in  the  same  horizontal 
plane  as  the  axle,  so  that  the  movement  of  the  carriage, 
relatively  to  the  wheels,  does  not  affect  the  dynamo.  The 
dynamo  is  in  connection  with  secondary  cells.  The  field 
magnets  are  wound  with  two  wires:  one  is  in  shunt  to 
the  armature  as  if  the  dynamo  were  an  ordinary  shunt 
machine  wound  to  work  at  a  low  speed,  say  500  revolu- 
tions. The  lamps  are  in  shunt  to  the  armature  also;  but 
the  cells  are  so  connected  up  with  the  second  wire  that 
if  the  dynamo  charges  them  the  current  goes  round  the 
field  magnets  by  the  second  wire,  so  as  to  demagnetise 
them.  Thus  the  dynamo  is  like  a  compound  machine 
wound  to  work  with  a  low  speed,  and  having  more  main 
than  usual,  and  that  main  coupled  up  backward,  the 
lamps  being  in  shunt  to  the  armature  only,  and  the  cells 
in  series  with  the  backward-wound  main.  The  result  is 
that  as  the  speed  increases  above  500  the  dynamo  charges 
the  cells,  but  the  pressure  on  the  lamps  does  not  rise  much, 
as  the  field  is  demagnetised  by  the  current  going  to  the  cells. 
The  second  wire  is  so  arranged  that  at  the  maximum 
speed  the  cells  take  their  maximum  charging  current, 
which  demagnetises  the  fields  to  the  right  degree.  If  the 
speed  falls  below  500,  the  cells  begin  to  help  the  dynamo 
by  supplying  part  of  the  current  to  the  lamps,  and  in  so 
doing  they  magnetise  the  field  more  strongly,  so  that  the 


223 


THE    RAILROAD    AND 


[  May,  1887. 


dynamo  does  not  stop  giving  current  till  it  goes  at,  say, 
300.  The  second  wire  or  backward  main  is  made  thick, 
so  that  there  is  little  loss  of  pressure  even  with  a  large 
current  to  the  cells. 

As  the  train  sometimes  stops  and  sometmies  goes  back- 
ward, means  must  be  taken  to  prevent  the  current  from 
the  cells  from  burning  the  armature  up  when  slopped. 
The  inventors  state  that  the  method  they  lind  to  answer 
well  in  practice  is  to  have  a  cut-out  in  circuit  to  break 
the  armature  connections  when  the  speed  falls  below  a 
certain  value.  The  dynamo  is  driven  in  the  usual  way, 
so  that  when  the  train  stops  or  reverses  the  dynamo  does 
so  too.  In  this  case  the  brushes  must  be  shifted  on  re- 
versal. To  effect  this  the  brush  carrier  or  cross-bar  is 
mounted  on  the  a.xle  so  as  to  turn  with  it,  but  is  held  by 
adjustable  stops,  so  that  if  the  machine  goes  one  way  the 
brushes  go  round  until  the  stop  holds  them  in  the  right 
position  for  that  direction  of  rotation,  and  if  the  train 
goes  the  other  way  the  brushes  are  carried  about  half  a 
revolution  until  they  come  to  the  other  stop.  Tangent 
brushes,  or  brushes  that  will  allow  the  commutator  to 
run  either  way  under  them,  are  used. 

A  centrifugal  or  other  suitable  governor  works  a  cut- 
out which  cuts  out  the  armature  when  the  speed  is  too 
low,  and  puts  it  in  again  when  high  enough,  This  gov- 
ernor may  also  cause  the  short-circuiting  of  the  backward 
main  when  the  armature  circuit  is  broken.  It  may  be 
mounted  on  the  dynamo  shaft. 

Instead  of  a  speed  cut-out  an  electric  arrangement 
may  be  used  which  is  actuated  by  the  armature  electro- 
motive force  in  making  circuit,  and  by  the  discharge  of 
the  cells  in  breaking  it.  There  are  many  ways  of  doing 
this  by  double-wound  electro-magnets;  and  the  field 
magnets  may  be  made  to  polarise  the  cut-out. 


Electric  Motors. 

[Abstract  of  address  delivered  before  the  National  Electric  Light  Asso- 
ciation at  the  Philadelphia  meeting,  by  Mr.  J.  F.  Sprague  :  reporte  1  by  the 
Electrician  and  Electrical  £ngineer.\ 

The  time  has  come  fo.-  us  to  look  upon  the  distribution 
of  power  in  a  light  altogether  different  from  that  in  which 
it  was  viewed  three  years,  or  even  one  year,  ago.  We 
have  heard  about  electric  motors,  and  we  have  talked 
about  the  possibilities  of  the  transmission  of  power  ever 
since  Pacinotti  ran  his  first  motor.  But  motors  were  run 
primarily  with  batteries,  and  it  is  only  recently  that  they 
have  been  operated  in  connection  with  central  stations. 

They  have  been  made  of  small  sizes  and  treated  as  toys, 
and  more  batteries  and  motors  have  been  invented  than 
there  have  been  made  variations  in  the  steam  engine,  but 
we  have  never  reached  any  position  from  which  we  could 
show  a  commercial  return  from  the  use  of  electric  motors 
until  the  last  year  or  two. 

The  distribution  of  power  by  electricity,  so  long  looked 
upon  as  a  visionary  and  to-be-hoped-for  attainment,  is 
now  an  accomplished  fact.  It  is  in  its  infancy,  but  it  has 
a  future  probably  second  to  no  other  enterprise  in  the 
commercial  world.  It  is  not  necessary  here  to  give  a 
sicientific  explanation  of  the  operation  of  a  motor. 

The  practical  questions  which  arise  are  :  Who  are  to 
exploit  this  business?  Who  are  to  be  actively  interested 
in  the  extension  of  this  system  for  the  transmission  of 
power  ? 

There  are  two  representative  industries  already  in  the 
field.  The  first  to  come  was  the  arc  light;  then  the  in- 
candescent light;  and  now,  finally,  comes  the  transmis- 
sion of  power  for  industrial  purposes.  There  have,  in 
consequence  of  the  order  of  development  of  these  three 
different  methods  of  using  electricity  generated  at  a 
central  station,  arisen  three  different  int3rests,  more  or 
less  antaoonistic  to  each  other,  but  which  ought  to  be 
working  in  harmony. 

As  being  in  the  position  to  actively  take  up  this  work,  1 
may  mention,  first,  arc-light  companies. 

A  very  large  number  of  existing  companies  have  already 
secured  franchises  which  it  would  be  ditTicult  for  other 
companies  to  obtain.  Some  of  these  companies  are 
to-day  just  barely   meeting  their  running  expenses,  be- 


cause they  are  supplying  power  for  lights  for  only  a  frac- 
tion of  the  day  or  night  in  close  competition  with  the  gas 
interests,  and  perhaps  with  other  electric  light  companies. 
As  the  demand  for  light  varies,  of  course,  at  different 
times  of  the  year,  the  receipts  vary  above  and  below  the 
operating  expenses.  All  through  the  day,  till  perhaps 
five  in  the  afternoon,  these  stations  lie  idle.  Such  com- 
panies have  their  poles  erected,  their  lines  run,  and  cer- 
tain franchises  in  their  possession,  and  it  would  be  an 
easy  matter  for  these  same  companies  to  run  lines  for 
the  distribution  of  power  on  the  same  poles  as  carry  their 
arc-light  circuits.  The  wiring  for  this  purpose  would  be 
very  simple.  In  some  cases  the  poles  would  have  be  to 
re-enforced;  in  others  it  would  not  be  so.  For  running 
these  lines  to  supply  power  alone,  constant  potentials  as 
high  as  400  volts  could  be  used  with  perfect  safety,  and 
this  would  very  much  reduce  the  size  of  the  wire. 

As  regards  incandescent  light  stations,  many  of  these 
run  only  in  the  daytime,  and  do  not  begin  their  lighting 
until  late  in  the  afternoon.  The  bulk  of  their  lighting 
terminates  long  before  midnight.  Other  of  these  stations 
run  during  the  day  because  they  find  the  necessity  of  sup- 
plying a  few  lights  in  the  daytime  to  get  certain  contracts 
for  night-work,  but  almost  invariably  this  day-work  is  at 
a  loss.  These  companies  already  have  their  lines  run  to 
supply  power  on  constant  potential  circuits,  some  over- 
head and  others  underground.  Since  the  power  would 
begin  in  the  morning  and  continue  for  a  general  average 
till  the  latter  part  of  the  afternoon,  and  then  begin  to  fall 
off,  and  the  light  at  the  same  time  begin  to  come  on,  such 
a  station,  if  worked  up  to  its  full  capacity,  ought  to  have 
an  almost  continuous  load  from  morning  until  late  at 
night:  the  load  consisting  first  almost  entirely  of  power, 
then  of  light  and  power  combined,  and  finally  almost  en- 
tirely of  light. 

The  gas-engine,  although  it  has  made  great  strides  in 
England,  does  not  stand  in  high  favor  to-day  in  the 
United  States.  A  gas-engine  will  not  work  up  to  the  ca- 
pacity at  which  it  IS  sold  and  at  which  it  is  nominally 
rated.  It  will  fall  oft'  anywhere  from  25  to  50  per  cent, 
below  this.  Its  motion  is  necessarily  irregular  and  un- 
certain, because  during  a  large  part  of  its  rotation  it  is 
dependent  upon  the  inertia  of  the  fly-wheel.  Such  ma- 
chines are  necessarily  more  costly  than  electric  motors 
of  the  same  capacity,  such  cost  being  about  double.  They 
are  noisy,  they  cause  a  great  deal  of  heat,  and  they  are 
uncertain.  Their  advance  in  England  was  made  before 
electric  motors  were  as  practical  as  they  are  to-day,  and 
where  gas  is  sold  at  a  very  much  lower  rate  than  it  will 
be  possible  to  get  it  for  in  the  United  States  for  many 
years  to  come.  The  electric  motor,  then,  can  easily  com- 
pete against  the  gas-engine  when  put  side  by  side,  both 
in  initial  cost  and  expense  of  operation.  It  is  likewise 
more  compact  and  has  an  excess  capacity,  a  quality  that 
is  never  claimed  for  a  gas-engine.  Gas-works  have 
among  their  residual  prodjacts  coke,  which  is  of  vxry 
little  value.  By  putting  in  good  generators,  running 
wires  for  the  supply  of  power  alone,  and  putting  the  gen- 
erators and  dynamos  in  charge  of  the  men  who  are 
already  emploved  at  the  gas-works,  they  could  produce 
their  power  and  sell  it  at  a  very  advantageous  price. 
Their  office  rent,  officials'  salaries  and  attendance  would 
be  reduced  to  a  minimum. 

Special  stations  should  be  put  in  good  manufacturing 
and  industrial  districts,  and  preparations  made  to  supply 
any  demand  for  power  from  a  half  H.  P.  up  to  100  or  more 
H.  P.  There  is  no  po.ssible  question  that,  when  a  large 
number  of  tnotors  are  supplied  from  one  district,  even 
when  dealing  with  large  powers,  electricity  can  success- 
fully compete  against  steam. 

Double  circuits  can  be  used,  small  powers  being  sup- 
plied at  100  volts,  and  large  ones  at  400.  Such  stations 
should  be  built  to  get  the  steam  power  at  the  lowest  cost, 
and  hence  should  have  the  best  engineandthe  best  meth- 
od of  fuel  consumption.  The  district  covered  will  de- 
pend upon  the  location  of  the  station.  If  this  is  central, 
wo  or  four  square  miles  can  be  easily  covered. 

I  will  now  consider  the  different  classes  of  circuits  on 
which  motors  may  be  used. 

I.  .^rc-light.  or  constant  current  circuits,  in    which  the 
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current  supplied  to  the  motor  is  tiepi  constant  at  a  cer- 
tain number  of  amperes,  ranging  from  6  to  19  amperes  in 
different  systems.  The  electromotive  force  at  the  ter- 
minals of  the  motor  varies  with  the  load. 

2.  Constant  potential,  or  incandescent  light,  circuits,  in 
which  the  ditlerence  of  potential  at  the  terminals  of  the 
machines  is  kept  practically  constant  while  the  current 
varies  with  the  load. 

3.  Circuits  in  which  the  current  and  the  potential  both 
vary,  as  is  the  case  where  there  is  an  appreciable  drop  or 
fall  of  potential  on  connecting  lines  somewhat  removed 
from  the  source  of  power  of  a  constant  potential  system. 

I  am  now  operating  on  all  classes  of  these  circuits,  but 
since,  because  of  the  small  ampere  capacity  of  the  current 
on  arc-light  circuits,  any  large  power  must  require  a  great 
difference  of  potential  at  the  motor  terminals,  and  varia- 
tions of  power  will  cause  sudden  and  great  changes  of 
potential,  the  arc-lighl  circuits  have  principally  been  used 
in  conjunction  with  arc  lights  for  transmission  of  small 
powers  only,  or  for  constant  work. 

In  considering  thetransmission  of  poweras  an  industry, 
that  is,  in  a  broad  and  comprehensive  way,  and  not  as  an 
adjunct  to  some  system  of  lighting,  I  may  here  state  that 
practical  and  theoretical  considerations  make  it  imperative 
that  the  constant  potential  method  of  distribution  is  the 
only  safe  and  feasible  one.  Since  I  make  this  statement. 
it  is  incumbent  upon  me  to  explain  the  reasons.  The 
only  existing  constant  current  circuits  are  used  primarily 
for  the  operation  of  arc-lights.  At  present,  as  1  have  said, 
these  range  in  capacity  from  19  to  6  amperes.  The  unit 
of  light  which  is  required  for  general  purposes  necessi- 
tates an  expenditure  of  about  half  a  horse-power  of  elec- 
trical energy.  A  greater  expenditure  would  be  extrava- 
gant. In  order  to  keepthe  size  of  the  conductors  as  small 
as  possible  and  to  allow  long  extended  circuits,  the  ten- 
dency is  to  reduce  the  amperes  to   the  smallest  number. 

The  conditions  of  an  arc-light  probably  will  not  allow 
this  to  go  below  about  6  amperes  ;  the  more  ordinary 
unit  is  about  g'/i-  The  commercial  conditions  unques- 
tionably will  not  permit,  in  the  future,  of  a  much  higher 
ampere  capacity,  because  the  size  of  the  wire  varies  as  the 
square  of  the  current  used.  Now,  with  a  9>2-ampere  cur- 
rent, a  motor  to  develop  one  H.  P. — supposing  it  to  have 
an  efficiency  of  80  per  cent. — must  have  supplied  to  its 
terminals  933  watts  of  electrical  energy.  In  other  words, 
there  would  be  at  the  terminals  of  the  machine  an  elec- 
tromotive force  of  about  9S  volts  for  each  horse-power 
developed.  Suppose,  now,  we  want  to  transmit  100  H.  P.; 
it  would  then  be  necessary  (if  the  motor  be  of  the  same 
€tficiency)  to  supply  to  the  motor  93.250  watts  of  electri- 
cal energy  ;  and,  if  it  were  on  this  9  N-ampere  circuit,  we 
would  have  an  electromotive  force  of  over  9,800  volts. 

Now,  in  practice,  arc  light  circuits  vary  from,  say,  1,000 
to  2.500  volts.  On  a  1,000  volt  circuit  you  could  recover 
about  10  H.  P  :  on  a  2,500-volt  circuit  about  25  H.  P.  In 
other  words,  existing  arc-light  machines,  if  devoted  en- 
tirely to  the  transmission  of  power,  are  limited  to  the  act- 
ual development,  on  even  the  largest  machines  in  ordi- 
nary use,  of  25  H.  P.;  and,  if  used  in  combination 
with  light,  there  would  not  be  available  on  any  particular 
circuit  over  a  small  fraction  of  this.  Now  if  you  are 
§oing  to  consider  motors  as  toys,  if  you  are  going  to  deal 
with  the  transmission  of  the  tenth  of  a  horse-power  or 
one-half  H.  P.  or  a  i  H.  P.  unit,  and  are  willing  to  have 
the  element  of  danger  as  well  enter  into  these  small  trans- 
missions, then  you  can  work  with  an  arc-light  circuit;  but 
if  you  are  going  to  transmit  units  of  5.  10.15,20.  or  25 
H.  P.,  you  cannot  deal  with  the  arc-light  circuit  ;  it  is 
utterly  impossible. 

In  Boston  we  have  recently  put  upon  certain  lines 
nearly  200  H.  P.  Suppose  this  were  supplied  on  g'yi-nm- 
pere  circuits.  No  less  than  S  circuits  of  2,500  volts  each 
would  be  required,  and  probably  more,  because  with  units 
as  high  as  15  H.  P.  and  this  division  of  circuits,  the  law 
of  general  average  could  come  into  play  in  but  a  very 
limited  way. 

These  eight  2,500-volt  circuits  represent  the  capacity  of 
a  460-arc  lamp  station,  and  to  deliver  the  power  not  a 
single  lamp  could  be  used  at  the  same  time.  Does  any 
one  really  suppose  that  by  this  method  of  working,  leav- 


ine  out  for  the  present  all  questions  of  danger  and  unre- 
liability, the  same  results  could  be  obtained  as  are  in  fact 
to-day.'  The  constant  current  method  of  distributing 
power  is  the  limited  and  unnatural  method;  the  constant 
potential,  the  comprehensive  and  natural  method.  This 
is  a  fact  entirely  independent  of  the  question  of  relative 
electrical  potentials,  because  on  the  constant  potential 
circuit  we  can  work  at  100,  500,  1,000  or  2,000  volts  if  we 
please. 

In  Boston  we  at  present  transmit  up  to  4,800  ft.  on  a 
200-volt  circuit. 

When  dealing  with  the  question  of  power  alone,  and 
with  an  area  of  say  four  square  miles,  the  station  being 
near  the  center,  I  would  prefer  to  work  with  400  volts. 
Remember,  then,  that  power  transmitted  means  the 
transference  of  a  given  number  of  watts  of  energy.  It  is 
expressed  by  two  products,  quantity  and  pressure.  If 
one  is  increased,  the  other  may  be  reduced.  If  small  con- 
ductors are  to  be  used,  then  it  is  essential  that  small  cur- 
rents shall  be  used,  and  of  necessity  high  electromotive 
forces,  even  when  operating  on  a  constant  potential 
circuit. 

When  dealing  with  short  distances  and  small  powers,  it 
is  better  to  use  low  potentials  ;  but,  when  dealmg  with 
large  powers  and  long  distances,  it  is  absolutely  necessary 
to  use  high  potentials,  because  the  commercial  conditions 
will  allow  only  a  certain  proportionate  investment  in  cop- 
per. 


Electrical  Progress  in  Japan. 


As  my  present  visit  to  this  country,  with  Mr.  Vashima, 
President  of  the  Tokio  Electric  Light  Company,  Japan,  is 
to  investigate  the  different  systems  of  electric  lighting 
and  electric  transmission  of  power,  which  are  now  in 
actual  use  here,  so  that  we  might  introduce  to  our  country 
the  best  and  most  reliable  system,  and  not  to  make  adver- 
tisements of  our  work,  if  any.  I  am  not  well  prepared  to 
give  you  any  clear  sketch  of  the  progress  of  electrical 
engineering  in  our  country,  and  I  think  this  short  paper 
which  I  have  the  honor  to  read  now  before  such  a  remark- 
able body  of  electrical  men  as  the  National  Electric  Light 
Association,  would  be  nothing  but  curiosity  to  you. 

To  begin  with  the  electric  telegraph,  the  first  line  was 
put  up  in  1S69,  if  I  remember  right,  with  Breguet's  ABC 
instrument.  Since  then  many  improvements  have  been,  of 
course,  introduced,  and  now  nearly  all  the  towns,  small  or 
large,  are  electrically  connected,  so  that  we  can  telegraph 
from  any  part  of  our  country  to  any  part  of  this  country, 
or  anywhere  else,  only  it  is  rather  expensive,  /.  e.,  about 
$2.80  per  word,  from  New  York  to  Tokio.  The  instru- 
ments we  use  at  present  are  mostly  Siemens-Morse  ink 
writers;  and  the  wires  are  all  overhead,  except  some  wide 
rivers  and  straits,  where,  of  course,  subterranean  cables 
are  used.  The  Japanese  telegraphs  are  completely  under 
Government  control. 

It  was  in  1872  that  the  Imperial  Engineering  College 
was  instituted  in  Tokio,  and  Prof.  W.  E.  Ayrton,  the  well- 
known  electrician,  now  in  London,  occupied  the  chair  of 
the  Professor  of  Telegraph  Engineering  and  Natural 
Philosophy,  and  stayed  there  for  six  years,  working  in  the 
line  of  electrical  researches  with  Prof.  John  Perry,  then 
Professor  of  Mechanical  Engineering  in  the  same  college. 
These  two  gentlemen's  names  are  pretty  familiar  to  you,  I 
guess,  from  their  valuable  labors  in  relation  to  the  electrical 
engineering  and  the  ammeters  and  voltmeters  of  their 
invention.  Mr.  Thomas  Gray,  assistant  to  Sir  W.  Thom- 
son now,  was  with  us  in  the  college  for  about  three 
years,  and  I  have  been  connected  with  the  college  for  a 
number  of  years,  attempting  to  keep  up  with  the  progress 
of  electrical  applications  abroad.  I  was  here  in  1 884,  when 
the  International  Electrical  Exhibition  was  held  in  this 
city. 

The  telephone  business  is  yet  quite  poor  in  our  country, 
only  the  Government  offices  and  residences  of  high 
authorities  being  connected.  Petitions  for  permission  of 
organizing  telephone  companies  of  exchange  system  are 
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made  from  time  to  time,  but  the  Government  does  not 
permit  it  for  some  reasons  or  other,  which  I  cannot  tell. 
I  believe,  however,  it  will  be  permitted  sooner  or  later. 

Now,  as  regards  electric  lighting,  we  have  the  Brush  arc 
lights  in  some  factories,  mills  and  dock-yards,  and  the 
Edison  incandescent  lights  in  some  places,  and  among 
others  may  be  mentioned  500  lamps  in  the  Osaka  Cotton 
Mill,  and  330  in  the  Imperial  Military  College. 

On  many  occasions,  such  as  at  the  ball  of  the  Minister 
of  Foreign  Affairs  Department,  on  his  Majesty,  the  Em- 
peror's Birthday,  /.  < .,  November  3.  at  the  opening  cere- 
mony of  the  Banker's  Meeting  Place,  and  the  like,  we  put 
up  temporary  plants  with  good  success,  and  the  result  of 
this,  together  with  the  most  satisfactory  reports  on  the 
Edison  incandescent  lighting  in  the  Osaka  Cotton  Mill 
and  the  Official  Gazette  printing  office,  induced  our  people 
to  favor  the  electric  lighting  with  great  eagerness.  The 
Tokio  Electric  Light  Company,  which  was  organized  some 
time  ago.  and  of  which  Mr.  S.  Yashima  (now  in  this  room) 
is  the  President,  has  a  capital  of  $200,000.  and  by  the  end 
of  this  year  this  capital  will  be  doubled.  The'company 
has  in  hand  the  contract  of  lighting  the  new  Imperial 
palace  with  2,000  incandescent  lamps  and  100  arc  lights 
from  the  company's  central  station,  located  just  outside 
the  palace  ground,  and  from  which  the  current  will  also 
be  supplied  to  the  residences  of  the  princess  and  ministers 
and  other  houses  around  it.  It  is  proposed  to  place  five 
or  more  central  stations  in  the  City  of  Tokio,  two  in  Osa- 
ka, one  in  Kyoto,  two  in  Nagoya,  and  other  places.  Con- 
sidering from  the  fact  that  the  City  of  Tokio  is  10  miles 
square,  with  a  population  of  1,000.000.  and  that  there  is 
now  only  one  gas  company,  charging  S2.50  per  i  .000  cubic 
feet  of  gas,  and  having  old-fashioned  gas  furnaces,  the 
Tokio  Electric  Light  Company  has  a  great  deal  to  do  to- 
ward the  illumination  of  the  city. 

In  conclusion.as  there  are  many  printingoffices  and  small 
factories  all  over  the  city,  using  at  present  numerous  men 
or  steam  engines,  ranging  from  one-half  to  20-horse-power, 
the  electro-motors  will  also,  without  doubt,  find  good 
places  there.  I  hope,  gentlemen,  I  will  be  able  to  read  a 
better  paper  when  I  see  you  next  time. 


The  French  Railroad  Jubilee. 

The  great  railroad  companies  of  France,  acting  together 
have  made  public  the  following  statement : 

"  It  is  well  known  that  a  committee  is  making  arrange- 
ments to  celebrate  in  1887  by  a  special  exposition  at  Vin- 
cennes,  a  congress  and  fetes,  the  semi-centennial  of 
French  railroads.  This  committee  having  made  a  new 
attempt  to  obtain  the  cooperation  of  the  si.x  great  French 
railroad  companies,  those  companies  have  felt  obliged  to 
decline  the  proposition,  which  was  made  to  them  in  the 
most  courteous  manner,  and  to  persist  in  their  resolution 
not  to  associate  themselves  with  this  work.  They  are 
unanimous  in  regarding  it  as  contrary  both  to  historic 
truth  and  to  the  interests  of  the  exposition  now  in  prep- 
aration for  the  centenary  of  1789. 

"  In  the  first  place,  as  they  have  heretofore  remarked, 
the  beginning  of  the  construction  of  railroads  in  France 
dates  back  to  a  period  prior  to  1837,  and  to  celebrate  a 
semi-centennial  in  1887  would  be  to  give  the  impression, 
contrary  to  the  reality,  that  France  had  been  notably  left 
behind  by  other  nations. 

'■  In  the  second  place,  to  organize  a  special  exposition 
of  railroads  and  the  different  industries  attached  to  them 
only  two  years  tjefore  the  great  industrial  celebration  of 
1889.  would  be,  the  companies  think,  to  deprive  that  cele 
bration  of  a  part  of  its  attraction  and  its  success  ;  the  six 
companies  therefore  believe  that  they  ought  to  reserve  all 
their  efforts  for  the  national  celebration  of  the  centen- 
nial. 

"  Finally,  the  companies  recall  the  fact  that  a  congress 
similar  to  that  proposed  by  the  semi-centennial  committee 
was  established  by  the  International  Association  of  Brus- 
sels, which  was  formed  in  1885,  and  which  has  continued 
to  act  since  then  by  the  regular  meeting  of  delegates  from 
the  different  governments  interested,  and  from  the  French 
and  foreign   railroad    managements.     The   International 


Association  has  decided  that  the  railroad  congress  shall 
sit  at  Milan  in  1887,  and  at  Paris  in  1889.  The  companies 
do  not  see  how  this  meeting  can  be  reconciled,  so  far  as 
they  are  concerned,  with  the  programme  of  the  com- 
mittee. 

"  Under  these  conditions  the  six  companies  have  all, 
without  exception,  repeated  their  refusal  to  join  in  the 
work  of  the  semi-centennial  committee." 


Water  Waste  in  Cities. 

Mr.  Petkr  Milne,  ex-Water  Purveyor  of  Brooklyn, 
recently  delivered  a  very  interesting  and  instructive  ad- 
dress to  the  members  of  the  Oxford  Club  of  that  city  re- 
garding the  water-supply  of  Brooklyn.  He  was  entirely 
right  in  maintaining  that  the  embarrassment  of  a  short 
supply  which  constantly  meets  all  growing  communities 
can  never  be  adequately  overcome  until  there  is  a  radical 
change  over  the  present  methods  of  locating  and  fitting 
up  water-supply  pipes  within  buildings.  The  enormous 
waste  which  is  due  to  the  running  of  water  from  open  fau- 
cets in  cold  latitudes  six  months  out  of  the  year,  because 
the  pipes  and  fixtures  are  located  where  the  water  is  cer- 
tain to  freeze,  and  the  leaking  of  improperly  constructed 
apparatus  twelve  months  out  of  the  year,  is  due  to  the  fact 
that  there  is  no  intelligent  control  of  the  character  of  the 
fittings  used  and  to  the  way  they  are  fitted  up. 

As  Mr.  Milne  points  out.  it  might  not  be  practicable  to 
attempt  too  much  interference  by  municipal  authorities  in 
cities  likf;  Brooklyn  with  the  details  within  occupied 
houses.  In  such  an  event  the  meter  is  the  only  resource, 
for  that  would  in  time  deter  the  householder  from  reck- 
lessly wasting  water  which  he  knows  he  will  have  to  pay 
for.  But  in  all  large  cities  this  is  hardly  enough,  since  this 
will  only  operate  to  make  a  householder  take  care  of  the 
apparatus  that  he  may  have  in  use.  The  root  of  the  mat- 
ter is  the  location  of  plumbing  in  buildings,  which  should 
be  controlled  by  the  authorities  when  new  work  is  being 
constructed.  That  is  to  say.  plans  should  be  filed,  as  re- 
quired in  the  case  of  drainage,  and  when,  in  the  judgment 
of  competent  persons,  the  location  of  pipes  and  fixtures 
is  such  as  to  insure  their  freezing  in  the  winter  months, 
such  plans  should  be  rejected  and  the  plan  modified  to 
secure  the  needed  protection.  In  other  words,  such  care 
should  be  taken  in  the  matter  as  is  now  exercised  by  the 
Health  Department  of  New  York  and  Brooklyn  over  the 
running  of  drain  and  waste  pipes.  Until  that  is  done,  even 
though  meters  are  universally  used,  the  householder,  of- 
ten through  ignorance  and  frequently  through  causes 
beyond  his  control,  will  be  compelled  to  pay  lor  the  water 
he  wastes,  which  waste  he  would  not  be  obliged  to  permit 
if  the  water-pipes  in  his  building  were  in  the  first  place 
properly  located  with  reference  to  the  possibility  of  freez- 
ing. In  large  cities  the  occupants  of  houses  in  the  great 
majority  of  cases  are  only  tenants,  and,  besides  not  being 
responsible  for  the  location  of  pipes  and  fixtures  in  the 
buildings  they  occupy,  would  often  find  it  cheaper  to  pay 
for  water  wasted  than  to  incur  the  expense  of  remodeling 
the  water-supply  system  of  the  buildings  they  occupy. — 
Sanitary  Engineer. 


The  Berlin  City  Elevated  Railroad. 

While  there  are  sections  of  elevated  road  or  viaduct 
in  the  railroad  entrances  into  London  and  other  large 
European  cities,  Berlin  is  the  only  one  which  has  at  pre- 
sent an  elevated  railroad  used  for  city  travel,  although, 
the  building  of  an  elevated  line  in  Paris  is  soon  to  be 
begun. 

The  different  railroads  entering  Berlin  were  united  in 
1875  by  the  Ringbahn,  or  Circuit  Rai'-'oad.  which  forms 
an  irregular  circle,  or  rather  oval,  around  the  city.  This 
was  built  by  the  Government  for  the  purpose  of  connect- 
ing the  roads,  but  it  is  also  used  for  purposes  of  suburban 
traffic,  as  it  passes  through  a  number  of  villages  and  small 
towns. 

To  supplement  this  circuit  road  the  Government  de- 
cided to  build  a  line  running  directly   through  the  city. 
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connecting  at  each  end  with  the  Ringbahn,  and  through 
it  with  the  various  lines  running  out  of  the  city.  This 
road,  which  is  known  as  the  Stadtbahn,  or  City  Railroad, 
was  completed  in  1882  ;  it  extends  from  the  station  of  the 
Silesian  Railroad  on  the  east  to  that  of  the  Cliarlottenburg 
Railroad  at  the  west  end  of  the  city,  following  very  nearly 
the  course  of  the  River  Spree.  At' one  point,  indeed,  it  is 
built  directly  over  the  bed  of  that  stream,  and  it  crosses 
on  bridges  three  times. 

As  in  nearly  all  German  Government  works  the  pri- 
mary object  of  the  Stadtbahn  was  military,  to  afford  facili- 
ties'for  the  passage  of  troops  through  the  city  without 
transfer,  and  for  massing  them  readily  at  any  point.  At 
the  same  time  the  local  tralhc  was  kept  in  mind,  and  ar- 
rangements made  for  its  accommodation.  The  road  has 
four  tracks  for  its  entire  length,  two  of  them  being  used 
exclusively  for  through  and  suburban  trains  of  the  differ- 
ent roads,  the  other'two  for  the  local  trains,  of  which 
there  are  two  classes,  one  running  over  the  city  readonly, 
the  other  over  the  city  road  and  the  Ringbahn,  or  circuit 
road  also. 

The  total  length  of  the  Stadtbahn  is  7.55  miles,  of  which 
1.05  miles  are  simple  earth-work  embankment ;  0.42  mile 
walled  embankment;  1.13  miles  iron  bridgesand  viaducts, 
and  4.95  miles  masonry  viaduct.  The  bridges  include  65 
iron  bridges  over  streets;  an  iron  viaduct  over  the  Hum- 
boldstrafen  ;  two  iron  bridges  over  the  Spree  and  a  mason- 
ry bridge  over  the  same  river.  As  already  mentioned, 
at  one  point,  near  the  Jannowitz  Bridge,  the  masonry 
viaduct  is  directly  over  the  bed  of  the  river  for  a  distance 
of  0.34  mile. 

As  may  be  inferred  from  the  description  of  the  road,  it 
does  not  follow  any  of  the  city  streets,  but  is  built  through 
the  blocks.  Where  the  masonry  viaduct  is  used,  the 
archways  are  utilized  as  storehouses  and  work-shops,  very 
much  in  the  same  way  as  in  the  approaches  to  the  Brook- 
lyn Bridge  in  New  York.  To  give  access  to  these,  parallel 
streets  have  been  opened  on  each  side  of  the  road.  These 
parallel  streets  are  not  yet  all  completed,  but  are  being 
gradually  e.xtended. 

The  width  of  the  road  for  four  tracks  is  52^2  ft.  This 
is  increased  at  and  near  the  stations,  the  platforms  being 
placed  between  the  tracks.  At  the  larger  stations,  as 
named  below,  there  are  two  platforms,  one  for  the  through 
and  one  for  the  local  tracks;  at  the  minor  stations  there 
is  a  platform  for  the  local  tracks  only. 

The  stations  are  two  stories  high,  the  lower  story,  of 
brick,  on  a  level  with  the  street,  containing  the  ticket 
office,  waiting  rooms,  etc.;  the  upper  story  is  of  iron,  and 
is  an  open  shed  or  train-house,  covering  the  platforms.  At 
the  larger  stations,  where  through  trains  stop,  there  are 
baggage  rooms,  and  hydraulic  elevators  are  provided  for 
rai'sing  the  baggage  to  the  platforms.  At  each  station 
there  is  a  block  signal. 

The  rails  used  are  of  steel  (56  lbs.  per  yard)  and  are 
supported  on  longitudinal  iron  sleepers  of  the  Harmann 
pattern. 

For  the  through  trams  no  special  class  of  locomotives 
is  used,  the  engines  of  the  different  roads  running  the 
trains.  For  the  local  trains  engines  of  a  pattern  very  com- 
mon in  Germany  are  used,  having  four  driving-wheels 
coupled  and  two  leading  wheels.  The  later  engines 
(somewhat  heavier  than  those  first  used)  have  cylinders 
14.2  in.  diameter  and  22. S  in.  stroke,  and  driving-wheels 
62.  8  in.  diameter.  The  fuel  used  is  coke,  from  which  there  is 
very  little  smoke.  The  local  trains  have  special  cars  built 
for  this  service  ;  they  are  lighter  than  the  ordinary  cars 
and  are  of  second  and  third  class  only,  no  first-class  being 
provided. 

The  total  cost  of  the  Stadtbahn  was  about  ^'6,212,000, 
or  $2,047,285  per  mile.  Of  the  total  cost  of  the  road  about 
40)4  per  cent,  was  for  land  and  59J2  per  cent,  for  con- 
struction. 

Trains  are  run  on  the  block  system,  each  of  the  stations 
having  a  signal  station.  Semaphores  are  used,  the  sig- 
nals being  transmitted  by  electricity  on  the  Siemens- 
Halske  system.  Two  classes  of  trains,  as  already  noted, 
pass  over  the  Stadtbahn,  the  through  passenger  trains,  of 
which  there  were  at  a  recent  date  1 1 2  daily,  running  at  no 
regular  intervals.      The  local  trains  run  at  intervals  of  10 
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minutes  during  the  busier  hours  of  the  day,  this  interval 
being  reduced  10  5  minutes  on  holidays  and  other 
special  occasions.  On  ordinary  days  280  trains  a  day  are 
run.  The  highest  speed  allowed  is  28  miles  an  hour.  No 
freight  trains  pass  over  the  Stadtbahn.  all  exchange  of 
freight  cars  being  made  over  the  Ringbahn.  The  charge 
for  second-class  tickets  is  about  15  cents  for  the  whole 
length  of  the  line  and  10  cents  for  shorter  distances;  for 
third-class,  10  and  5  cents.  Workmen's  tickets  are  issued 
at  a  lower  rate  ;  they  are  good  only  before  8  a.  m.  or  after 

4  P.  M. 

The  population  of  Berlin  is  not  far  from  that  of 
New  York.  The  city  is  nearly  circular  in  shape,  being 
thus  much  less  favorable  to  the  development  of  a  single 
line  of  travel  than  New  York.  Even  with  allowance  for 
this,  however,  the  people  of  Beilin  do  not  seem  to  pat- 
ronize the  elevated  road  as  much  as  might  be  expected. 
The  number  of  local  passengers  carried  for  four  years  has 
been  as  follows : 

8,524.348 

10,116,826 

9.'57.762 

1S85 io,ig6,028 

The  number  carried  in  1S85  was  an  average  of  27,934 
per  day.  The  elevated  line  of  lighest  traffic  in  New  York 
last  year  carried  about  25  per  cent,  more  than  this;  the 
line  of  heaviest  traffic  over  4^2  times  as  many,  while  the 
total  traffic  of  the  four  New  York  lines  was  over  ten  times 
as  great. 

The  total  cost  of  operating  the  Stadtbahn  in  1885  was 
about  $900,000;  the  receipts  from  local  traffic  were  about 
$800,000.  The  earnings  from  the  through  trains,  however, 
i  probably  exceeded  the  deficit  ;  they  were  not  given  separ- 
ately, but  are  included  in  the  general  receipts  of  those 
lines.  It  is  to  be  remembered  that  the  road,  having  been 
built  for  military  reasons  chiefly,  has  been  constructed  and 
operated  in  a  more  expensive  manner  that  if  it  had  been 
a  commercial  undertaking. 

The  facts  given  above  are  derived  chiefly  from  a  pamph- 
let recently  published  in  Paris  by  MM.  Gaudin  and  Zuber. 
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Rope  Transmission  of  Power. 

The  /riiu  Age  says  :  "  Systems  of  rope  transmission 
for  power  purposes  have  been  in  use  for  many  years,  but 
it  is  only  quite  recently  that  they  have  given  promise  of 
being  more  generally  recognized  as  a  convenient  aud 
etficient  means  of  accomplishing  the  ends  for  which  they 
were  designed.  The  results  which  have  been  obtained 
with  them,  it  is  true,  have  not  always  been  of  uniform 
excellence,  mainly,  however,  because  designers  have  in 
some  cases  failed  to  recognize  properly  the  requirements 
of  good  working.  Where  rope  driving  has  been  tried  and 
has  failed,  examination  has  almost  invariably  revealed  a 
disregard  of  correct  principles  of  construction,  and  has 
shown  nothing  calculated  to  detract  from  the  favor  in 
which  the  system  is  held,  especially  where  a  continuous 
high  speed  is  required.  As  regards  the  comparative  cost 
of  rope  and  other  systems  of  gearing,  and  the  average  life 
of  a  rope  of  the  kind  ordinarily  used  in  manufacturing  es- 
tablishments, it  is  difficult  to  get  any  precise  data.  As 
compared  with  leather  belting,  however,  we  have  seen 
figures  reflecting  very  favorably  on  rope  transmission,  the 
relative  costs  having  been  in  the  proportion  of  about  eight 
to  one.  As  to  the  life  of  a  rope  it  has  been  roughly  esti- 
mated that  with  proper  usage  it  should  not  be  less  than 
about  seven  years.  Cases  where  ropes  have  suddenly 
broken  are,  moreover,  few  in  number,  the  risk  in  this  res- 
pect being  reduced  to  a  minimum  bv  the  fact  that  any 
defects  in  a  rope,  arising  either  from  wear  or  other 
causes,  will  show  themselves  long  before  the  point  of 
danger  is  reached.  In  mill  districts,  particularly,  engin- 
eers have  not  been  slow  to  avail  themselves  of  these 
advantages,  and  with  the  cotton  rope  which  is  there  chiefly 
used,  most  satisfactory  performances  are  recorded.  It  is 
but  natural,  under  these  circumstances,  that  the  field  of 
usefulness  of  rope  gearing  is  gradually  being  extended- 
some  enthusiastic  supporters  of  the  system  having  even 
gone  so  far  as  to  advocate  it  to  the  exclusion  of  almost 
all  other  means. 
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[Copyrighlcd  by  the  Rogers  Locomotive  &  Machine  Works.] 

THE    ROGERS    LOCOMOTIVE   AND    MACHINE 
WORKS. 

tContinued  from  page  185.) 

Chapteu  v. 

smoke  siacks  and  spark  arrksters. 

There  is  probably  no  part  of  a  locomotive,  unless  it  be 
the  valve  gear,  on  which  so  much  ingenuity  has  been  exercised 
as  on  spark  arresters,  The  very  first  engines  built  at  the 
Rogers  Works  had  some  kind  of  bonnet  or  wire  netting  on  the 
top  of  the  chimney  to  "catch  the  sparks,"  and,  in  the  article 
on  page  14  reprinted  from  the  Am,rii-a>i  Railroad  foiirnal.  of 
December.  1S31).  it  will  be  seen  that  at  that  time  an  inverted  cone 
•was  placed  on  ihc      axis  of  the  smoke-pipe  to  protect  the  wire 


gauze."  Unfortunately  there  are  no  drawings  extant  of  any 
of  these  early  spark  arresters.  Figs.  109  to  137,  however, 
give  examples  of  later  practice,  and  show  different  devices 
demanded  by  those  who  ordered  locomotives  of  the  Rogers 
Works.  The  date  when  they  were  first  made  and  the  luel 
used  is  given  under  each  of  the  figures. 

Fig.  log  is  what  is  (:alled  a  bonnet  stack,  on  account  of  the 
bonnet  or  hood  of  wire  netting  over  the  top.  It  was  used 
for  burning  both  wood  and  coal. 


Fig.  no  had  a  deflecting  cone  and  netting  in  the  form  of  a 
cylinder  over  it. 

Fig.  Ill  had  a  large  deflecting  cone  with  wire  netting  in 
conical  form  attached  to  the  lower  edge  of  the  deflector. 

Fig  112  had  a  cone  with  flat  horizontal  netting  of  annular 
form  around  it. 

Fig.  113  is  known  as  the  diamond  stack,  from  the  form  of 
the  outline  of  its  top.     It  had  a  deflecting  cone,  but  no  netting. 

Fig.  114  had  a  curious  shaped  deflecting  cone  and  a  cast- 
iron  guard  at  A  A,  to  protect  the  sheet-iron  of  the  outside 
casing  from  the  action  of  the  cinders.     It  also  had  an  annular 


opening,  /)'  /?,  around  the  top,  the  supposition  being  that  the 
air  coming  in  contact  with  the  inclined  surface  C  C,  would  be 
deflected  upwards  through  the  opening  B  B,  and  thus  create 
an  induced  upward  current  out  of  the  chimney. 


Fig.   114. 


Fig.  115  had  a  deflector  with  a  conical  netting  over  it,  which 
was  open  at  the  top. 

Fig.  116  was  the  same  as  Fig.  115,  but  of  different  form. 


Fig.   118. 

-Hitum.  Coal. 


Fig.  117  is  a  straight  chimney  with  a  cast-iron  grate  at  the 
top  and  a  sliding  damper  at  the  base. 

Fig.  iiS  had   a  deflector  with   a   netting  over  it,  which  was 


Fig.  119. 


Fig.  120. 


open  in  the  middle.     The  opening  was  surrounded  by  a  cylin- 
drical shaped  netting,  as  shown. 

Fig.  119  was  the  same  as   Fig.  no,  but  of  different  shape 
and  proportions. 
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Fig.  120  had  a  deflector  with  a  very  large  casing  or  receptacle 
for  sparks. 

In  Fig.  121  the  netting  was  placed  horizontally  over  the 
deflector. 

Fig.  122  represents  (he  celebrated  Radley  &  Hunter  stack, 


Fig.  122. 

1870. — Wood. 

-vvhich  was  at  ont  time  very  generally  used  lor  wood-burning 
locomotives. 

Fig.  123  has  a  conical  shaped  netting  over  the  deflector, 
with  an  opening  in  the  center  surrounded  by  another  netting 
of  cylindrical  shape. 


Fig.   123. 

and  Coal. 


Fig.   124. 


'.— \v 


-\Vc 


Fig.  124  has  a  deflector  with  a  wire-netting  bonnet  over  it. 

Fig.  125  is  similar  to  fig.  124. 

Fig.  126  has  a  deflector  with  a  circular  opening  above  it,  and 
cylindrical  guard  around  the  edge  made  of  perforated  sheet- 
iron  or  copper. 


Figs.  t2q  had  an  outside  case  or  receptacle  for  sparks  which 
was  unusually  large.  It  had  a  dcfleclor  surmounted  with  an 
inverted  cone  of  wire  netting.  This  forms  a  guard  for  the 
opening  at  the  top  so  that  all  the  smoke  must  pass  through 
the  netting  to  escape  into  the  open  air. 

Fig.  130  shows  a  stack  with  a  spark  arrester  patented  by 


u 


K 


Fig.   127. 


1879.- 


Wm.  S.  Hudson  in  1877.  The  reflector  is  formed  of  what  Mr. 
Hudson  described  as  "  peculiarly  curved  screw  blades,"  which 
are  shown  on  plan  in  the  engraving.  "The  gaseous  products 
of  combustion,"  the  inventor  says  in  his  specification,  "  mingled 
with  more  or  less  small  masses  of  coal  in  various  conditions. 


Fig.   129. 


Fig.   130. 


■S79-- 


;  Coal. 


are  thrown  violenty  upward  through  the  cylindrical  chimney, 
and,  striking  in  the  hollow  interior  of  the  dome-like  set  of 
wings,  are  thrown  into  a  spiral  motion  without  completely 
interrupting  their  upward  motion.     The  solid  matter  is  pro- 


/^Ex 


Fig 

spark 

Fig 


!7  shows  what  is  called 
ing  attachments. 
12S  represents  the  Font 
tor.  D,  to  which  a  shield  5  i',  is 
and  the  outer  casing  there  is  space  for  the  passage  of  the 
products  of  combustion,  which  escape  in  the  direction  indi- 
cated by  the  dSrts. 


jected  against  the   wire   netting.     A  portion   of   the  gaseous 
follows  the  same  course,  and  another  portion  moves 
ward,  and,  passing  freely  upward  through  the  open  space 
the  center." 
Fig.  131  is  provided  with  a  casting,  .4,  which  forms  what  was 
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called  a  stricture,  for  some  purpose  not  clearly  understood. 
The  usual  deflector  was  suspended  from  a  casting,  B  B,  with 
radial  arms  meeting  in  the  1 


Ficj.  132.     This  stack  had  a  large  receptacle  for  sparks,  with 
a  dertector  placed  at  the  top.     The  latter  had  a  sheet-iron  guard 


Fig.  137- 

1S6;.— Anthra.  Coal, 
around  the  edge,  as  shown  in  the  engraving.  The  top  of  the 
stack  was  open  ;  no  netting  was  used. 

Fig.  138. 


of  the  opening  at  S.  The  efl'ect  of  this  was  to  con- 
centrate the  escaping  current  and  cause  the  sparks  to  impinge 
directly  against  the  deflector. 

Fig.  135  represents  what  is  called  a  "straight"  stack  with- 
out spark  arrester  of  any  kind. 

Fig.  136  illustrates  a  straight  stack  with  a  long  inverted  cone 
inside  of  it.  This  was  made  of  perforated  sheet-iron,  and  was 
connected  at  the  bottom  to  the  exhaust  pipe,  so  that  they  dis- 
charged inside  of  the  cone  and  the  smoke  had  to  pass  through 
the  perforations  in  the  inverted  cone.  The  perforations  were 
I  X  3»s  in. 

F'g-  i37i^shows  a  straight  stack  for  anthracite  coal. 

CHIMNEY    DAMPERS. 

Figs.  138  and  139  represent  a  form  of  damper  recently  de- 
vised and  patented  in  18S5  by  Mr.  H.  A.  Luttgens,  who  has 
been  the  Chief  Draftsman  in  the  Rogers  Works  for  2S  years  past. 
It  is  intended  for  the  chimneys  of  coal-burning  engines.  Its 
object  is  to  diminish  the  effect  of  the  exhaust  by  admitting  air 
at  the  base  of  the  chimney,  and  thus  obviating  the  necessity 
for  opening  the  fire-door  and  admitting  cold  air  into  the  fire- 
box. 

In  constructing  the  damper  the  base  of  the  chimney  is  made 
of  the  form  shown  in  half  section  on  the  left  side  of  fig.  138, 
from  which  it  will  be  seen  that  there  are  cavities  A,  through 
which  air  is  admitted,  as  indicated  by  the  darts.  The  outer 
openings  of  these  cavities  are  shown  by  the  dark  shading  and 
dotted  lines  in  the  plan,  fig.  139.  On  top  of  these  openings 
is  a  circular  valve  or  cover  with  openings  corresponding  to 
those  in  the  base  of  the  chimney.  This  valve  by  being  turned 
a  part  of  a  revolution  by  means  of  the  links  /:',  E,  and  lever 
C.  C,  which  is  connected  with  the  cab  by  a  rod  D,  will  cover 
or  uncover  the  openings  leading  to  the  ravities  in  the  base  of 
the  chimneys,  and  thus  air  may  be  admitted  to  or  shut  off  from 
the  chimney  at  pleasure. 

( To  it  continued.') 


Manufacturing  Notes. 

A  NEW  nail  mill  and  rolling  mill  has  been  built  at  Watson- 
town,  Pa.,  and  is  nearly  ready  to  begin  work. 
":The  Catasauqua  Iron  Company  has  bought  the  plate  mill 
formerlv  owned  by  ti.e  Abbott  Iron  Company,  of  Baltimore, 
and  has  removed  the  plant  to  Ferndale.  Pa.,  where  a  new 
building.  So  x  500  ft.  is  nearly  finished  to  receive  it.  The  mill 
will  roll  boiler  plate  up  to  S  ft.  wide. 

The  Lehigh  Car  Company  at  Stemton,  Pa.,  is  to  be  reorgan- 
ized. The  propertv  is  now  owned  by  the  AUentown  National 
Bank. 

The  new  Westinghouse  building  for  the  joint  offices  of  the 
various  Westinghouse  companies  in  Pittsburgh  is  being  rapidly 
pushed.  It  will  be  fire-proof  throughout.  It  has  a  floor  plan 
of  So  X  no  ft.  and  is  200  ft.  in  height,  with  three  high-speed 
passenger  elevators.  It  will  be  lit  throughout  with  incan- 
descent light  and  warmed  by  indirect  steam  radiation,  with 
natural  gas  as  the  fuel.  It  will  be  occupied  exclusively  by  the 
offices  of  the  various  Westinghouse  companies. 


Fig. 
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A  Nickel  Copper  Aluminum  Alloy. 

"  Lechesne,"  says  a  French  magazine,  san  alloy  of  nickei. 
copper,  and  aluminum  for  the  production  of  a  superior  kind  of 
German  silver.  It  is  recommended  as  combining  absolute 
malleability  with  an  exceptional  degree  of  homogeneity,  tena- 
city and  ductility.  The  inventor,  M.  Thirion,  claims  also  for 
the  new  metal  less  liability  to  oxidize  and  to  act  as  a  heat  con- 
ductor than  other  alloys  heretofore  in  use.  These  latter  ad- 
vantages, he  holds,  are  conspicuous  on  a  comparison  of  the 
new  alloy  with  those  of  nickel  and  copper  for  coinage,  and 
with  the  old-fashioned  descriptions  of  German  silver  (nickel, 
copper  and  zinc),  or,  ai^ain,  with  the  best  kind  of  lattcn.  Like 
gold,  silver,  and  platina,  the  "lechesne"  alloy  satisfies  the 
conditions  of  the  most  difficult  processes  that  could  be  ap- 
plied, such  as  hammering,  drawing  and  deep  chasing  or  punch- 
ing, especially  in  ornamental  work.  The  distinctive  feature  of 
this  metal  consists  in  the  addition  to  the  binary  alloy  (nickel 
and  copper)  of  a  quantity  of  aluminum,  calculated  according 
to  the  proportion  of  the  nickel.  The  alumirum  is  introduced 
a  few  moments  before  the  casting  process,  care  being  taken  to 
send  it  to  the  bottom  of  the  fusion,  and  to  ensure  thorough 
distribution  throughout  the  mass  by  vigorous  mixing.  Its 
combination  is  facilitated  by  its  natural  affinity  to  both  copper 
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and  nickel.  The  proportion  of  the  aluminum  entering  into 
the  alloy  is  as  follows  :  itij  centigrammes  per  kilogramme  of 
alloy  containing  10  per  cent,  of  nickel.  .Any  attempt  to  de- 
oxidize an  alloy  of  nickel  and  cupper  in  which  the  aluminum 
was  not  carefully  introduced  toward  the  close  of  the  fusion 
would  lead  to  carbureting.  If  it  was  sought,  for  instance,  to 
expel  the  surplus  carbon  by  superheating,  the  inadequate 
quantity  of  free  oxvi;en  present  would  prevent  the  combustion 
of  the  carbon,  so  that  the  metal  would  in  reality  become  even 
more  deteriorated  by  the  process  by  an  increased  oxidation. 
The  aluminum  both'deoxidi/.es  and  ilecarburets  the  metal,  but 
the  following  precautions  should  be  observed  :  The  nickel  is 
first  placed  in  the  crucible,  and  as  soon  as  it  melts  the  copper 
i<  gradually  introduced,  the  vessel,  of  course,  being  closed. 
When  the  two  metals  are  in  a  state  of  fusion  they  arc  puddled 
together,  then  the  alloy  is  reheated  and  the  aluminum  thrown 
in,  the  temperture  being  rapidly  raised  almost  to  a  boiling 
point.  In  the  next  place,  the  alloy  is  cast  very  hot,  this  opera- 
tion beinjj  effected  promptly  and  with  the  utmost  regularity. 
The  chief  malleableness  of  the  article  is  derived  from  the  cop- 


Proceedings  of  Societies. 


Engineers'  Club  of  Kansas  City. 

A  REGULAR  meeting  was  held  April  4,  at  which  several 
gentlemen  were  proposed  as  members. 

Mr.  William  D.  Jenkins  read  a  paper  on  Compressed  Air  as 
applied  to  the  Construction  of  Foundations.  This  was  illus- 
trated by  drawings  and  photographs  of  the  new  bridge  now 
under  construction  over  the  Missouri  at  Randolph. 


Engineer's  Club  of  St.  Louis. 

A  REGULAR  meeting  was  held  in  St.  Louis,  April  6,  Vice- 
President  Holman  in  the  chair  ;  2S  members  and  4  visitors 
present.  The  commitee  on  resolutions  on  the  death  of  Capt. 
Jas.  B.  Eads  asked  for  further  time  to  prepare  a  report,  which 
extension  was  granted. 


,YL1NDEK    BORING    AND    FAC 


per,  which  imparts  a  property  and  a  tone  in  that  respect  found 
lacking  in  the  nickel.  The  aluminum  suddenly,  but  surely, 
oxidizes  the  alloy,  burning  away  every  trace  of  carbon  intro- 
duced into  the  crucible. 


New  Cylinder  Boring  and  Facing  Machine. 

This  machine,  the  general  construction  of  which  is  well 
shown  by  the  accompanying  illustration,  is  intended  for  heavy 
work.  It  is,  accordingly,  built  very  heavy  and  is  powerfully 
geared.  The  size  shown  will  bore  cylinders  from  10  in.  to  25 
in.  diameter  ;  other  sizes  are  built  also. 

The  bar  is  solid  forged  steel,  with  steel  screw  and  bronze 
thrust-bearings.  The  feed-casing  is  made  to  feed  either  way 
and  has  nvo  changes,  to  operate  which  it  is  only  necessary  to 
push  in  <ir  pull  out  a  pin  in  the  center  of  the  hand-wheel.  The 
facing  head  can  be  placed  on  the  bar  quickly,  and  in  any  place 
desired,  and,  if  necessary,  can  be  operated  at  the  same  time 
the  cylinder  is  being  bored.  The  bed  is  movable  on  the 
shears,  and  is  easily  set  in  position  by  the  hand-wheel  at  the 
forward  end  of  the  machine.  The  cutter-heads  have  a  long 
bearing  on  the  bar,  and  are  arranged  for  four  tools,  that  num- 
ber being  found  by  experience  to  be  the  most  desirable,  as  it 
distributes  the  stress  or  strain  on  the  bar,  and  four  times  the 
metal  can  be  removed. 

These  machines  are  made  at  the  L.  B.  Flanders  Machine 
Works  of  Messrs.  Pedrick  &  Ayer,  in  Philadelphia. 


S.  Bent  Russell  then  read  a  paper  on  Draining  and  Filling 
Water  Mains,  describing  the  system  of  operations  in  use  in 
this  city,  where  shut-offs  average  one  per  day.  The  difflcul- 
ties  met  with  and  the  precautions  to  be  taken  were  duly  treated 
upon.  In  the  discussion  Mr.  Holman  gave  some  interesting 
points  in  his  experience,  bearing  on  this  question. 

Prof.  C.  M.  Woodward  opened  a  discussion  on  the  failure  of 
the  Bussey  Bridge  on  the  Boston  &  Providence  Railroad,  de- 
scribing fully  the  nature  of  the  accident  and  illustrating  the 
details  by  sketches  on  the  blackboard.  His  explanation  of  the 
cause  of  the  accident  was  full  and  clear.  The  matter  was 
also  discussed  by  Messrs.  Seddon,  Frith,  Johnson  and  Moore. 

Prof.  Johnson  announced  that  there  would  be  a  meeting  of 
the  board  of  managers  of  the  .Association  of  Engineering 
Societies  at  Chicago  at  an  early  date,  and  asked  that  sugges- 
tions as  to  the  management  of  the  Association  be  made.  Several 
topics  were  brought  forward  and  discussed.  The  club  then 
adjourned. 

Military  Service  Institution. 

.\T  the  meeting  held  at  Governor's  Island,  April  14,  Lieuten- 
E.  L.  Zaiinskiread  a  paper  on  his  pneumatic  gun  for  throwing 
dynamite  shells.  .After  referring  to  the  improvements  made, 
and  especially  to  the  increase  of  air  pressure,  Lieutenant 
Zaiinski  said  : 

"  I  have  repeatedly  denied  the  statement  that  the  gun  is  of 
I  have,  however,  given  direction  to  its  develop- 
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ment  as  a  practical  milicary  appliance.  I  am  not  a  mecdanical 
engineer,  and  could  not  have  worked  out  the  mechanical  de- 
tails unassisted.  This  has  been  done  by  Mr.  Nat.  W.  Pratt,  of 
the  Babcock  i:  Wilcox  Company,  Mechanical  Engineer  of 
the  Dynamite-  Gun  Company,  Mr.  George  W.  Reynolds  and 
Mr.  Charles  Emory. 

•'  With  a  percussion  cap  in  front  a  shell  in  e.\ploding  failed 
to  produce  any  marked  effect.  It  was  assumed  that  the  gases 
envolvcd  by  the  explosion  of  the  layers  in  front  tended  to 
throw  back  the  gases  evolved  afterward — a  certain  amount  of 
time  being  re-quired  to  explode  the  entire  charge-.  This  was 
the  point  that  led  to  the  invention  of  the  electrical  fuse.  It  is 
so  devised  and  arranged  in  the  shell  that  the  circuit  is  closed 
by  means  of  a  sensitive-  plunger  an  instant  before  the  body  of 
the  projectile  has  struck  the  target.  Indeed  the  latest  pro- 
jectiles containing  large  charges,  have  two  or  more  batteries, 
so  as  to  explode  the  charge  at  several  points  immediately.  The 
solution  of  problem  resulted  in  a  primer  which,  in  striking  the 
target,  explodes  the  charge  an  instant  before  impact ;  if  a  ship 
be  missed,  explosion  follows  an  instant  after  the-  projectile- 
enters  the  water;  failing  in  this  the  explosion  follows  on  the  pro- 
jectile reaching  bottom  ;  and  fourth  there  is  certainty  of  the 
circuit  remaining  open  until  the  projectile  le-aves  the  gun. 

"I  have  pushed  this  work  as  quickly  as  I  could,  because,  aside 
from  the  professional  interest  involved,  I  saw  in  it  possibili- 
ties of  usefulness  in  cases  of  public  emergencies  which  may  arise 
even  now,  before  a  regular  modern  armament  could  be  pro- 
vided. While-  I  have  never  considered  it  all-sufficient  for  de- 
fensive purposes,  I  have  thought  it  a  very  valuable  auxiliary  in 
anv  event,  but  most  of  all  if  we  were  attacked  before  modern 
guns,  ships  and  forts  are  provided,  we  could,  at  least,  serious- 
ly injure  any  attacking  force  before  being  ourselves  destroyed." 

A  discussion  followed  in  which  several  members  took  part. 
The  opinion  was  expressed  that  rifling  the  gun  would  not  be 
possible,  on  account  of  the  danger  of  a  premature  explosion 
from  the  oscillation  of  the  projectile  due  to  the  rifling. 


Master  Car-Builders'  Brake  Committee. 

Mr.  G.  W.  Rhodes,  Chairman  of  the  M.  C.  B.  Brake  Com- 
mittee, has  issued  the  following  notice  : 

"Up  to  date  the  following  brake  companies  have  notified  the 
committee  they  have  made  arrangements  for  cars  and  engines 
and  will  be  present  at  the  Burlington  Brake  tests  commencing 
May  y,  next. 

"  Eames  Vacuum  Brake  Company.  Boston,  Mass., 
"Carpenter  Brake  Company,  Berlin,  Germany., 
"  Westinghouse  Air  Brake  Company,  Pittsburgh,  Pa., 
"  Card  Electric  Brake  Company,  Cincinnati,  ()., 
"American  Brake  Company,  St.  Louis,  Mo., 
"Hanscom  Brake  Company.  San  Francisco,  Cal., 
"The  Parke  Electric  Brake  Company,  of  Chicago,  111.,  and 
the  Rote  Brake  Company,  of  Mansfield,  O.,  have  their  brakes 
ready  but  have  not    yet  succeeded  in  arranging  for  cars.     The 
committee  will  not  debar  them  or  any  other  company  from  the 
tests,  providing  they  get   their  cars  to  Burlington  by  May  9, 
1S87."  . 

New  England  Railroad  Club. 

The  regular  monthly  meeting  of  this  club  was  held  in 
Boston,  April  13,  President  Lauder  in  the  chair. 

The  regular  subject-the  Lighting  of  Passenger  Cars-was 
taken  up. 

Ex-Governor  Howard,  representing  the  Pintsch  Lighting 
Company,  explained  thatsystem  of  gas  lighting  at  some  length. 
He  said  the  actual  cost  is  about  .§12  per  car  per  year,  exclu- 
sive of  cost  of  fitting  up  the  cars  and  the  plant  for  furnishing. 
Including  those  items,  the  cost  is  not  over  $40  per  car  per  year. 
He  expressed  his  belief  that,  where  there  is  a  300'  test  required 
of  oil  used  in  cars,  there  is  not  a  railroad  but  violates  the  law. 

Mr.  Adams  and  Mr.  Curtis  both  took  exception  to  the  latter 
statement,  claiming  that  frequent  tests  made  by  the  State  In- 
spector demonstrated  that  the  oils  were  up  to  the  test. 

Mr.  Coney  explained  that  he  had  had  large  experience  in 
manufacturing  kerosene,  and  he  very  much  doubted  if  the  oil 
used  would  stand  the  300  test  when  made  by  the  best  instru- 
ments. He  declared  he  did  not  believe  any  accident  ever 
occurred  with  oil  having  a  fire  test  of  150°. 

President  Lauder  said  he  hoped  the  railroads  and  the  public 
would  not  lose  their  heads  because  of  recent  accidents.  He 
thought  the  present  system  was  a  good  one,  and  plenty  of 
light  can  be  obtained,  if  enough  lamps  are  put  in,  though  the 
more  lamps  put  in  the  more  heat  is  generated,  lie  knew  of 
vhere  cars  had  been  set  on  fire  by  the  lamps,  as  a 


very  slight  shock  invariably  puts  the  light  out.  He  thought 
the  heavy  expense  of  lighting  with  electricity  would  prevent 
its  general  use  at  present. 

Mr.  Fowler  spoke  of  the  trouble  in  not  taking  care  of  the 
lamps  properly,  and  said  that  sometimes  the  brakemen  do  not 
turn  up  the  wicks  high  enough  to  show  the  llame. 

Gen.  Elbert  Wheeler,  Treasurer  of  the  Wheeler  Reflector 
Company,  stated  that,  with  proper  reflectors,  he  could  give 
the  same  amount  of  light  with  12  electric  lamps  as  is  given  by 
the  20  in  the  Boston  e^  Albany  cars. 

Mr.  MarJen  (Fiichburg  Railroad)  said  that  he  had  put  in 
one  car  five  lamps  with  the  Acme  burner,  and  he  believed 
that  the  car  is  the  best  lighted  of  any  running  out  of  Boston, 
with,  perhaps,  the  exception  of  the  Boston  eS:  Albany's  elec- 
tric lighted  cars.  He  believed,  however,  in  electric  lights,  and 
is  fitting  up  a  car  which  is  to  be  lighted  by  storage  batteries 
furnished  by  the  American  Accumulator  Company.  Outside 
of  the  work  being  done  by  him,  the  entire  expense  of  fitting 
up  the  car,  including  the  accumulators,  is  only  .8375-  He  is 
putting  in  12  lamps. 

It  was  announced  that  the  subject  for  the  next  meeting  would 
be  AKie-bearings,  Dust-guards  and  Lubricators. 

Messrs.  Lauder,  Marden  and  Ford  were  appointed  a  com- 
mittee to  arrange  for  transportation  to  the  Master  Car-Build- 
ers' Convention  at  Minneapolis  in  June. 


Engineers'  Club  of  Philadelphia. 

A  REGULAR  meeting  was  held  in  Philadelphia,  March  19, 
President  T.  .M.  Cheman  in  the  chair  ;  32  members  and  3  visi- 
tors present. 

The  Secretary  presented,  for  Mr.  Wilfred  Lewis,  a  note  upon 
Phosphor  Bronze  Wire  for  Helical  Springs. 

Mr.  John  L.  Gill,  Jr.,  presented  a  paper  on  Screw  Threads, 
in  which  he  argued  against  the  system  of  screw  threads  now  in 
general  use. 

Mr.  H.  H.  Sintzenich.  introduced  by  Mr.  Henry  G.  Morris, 
exhibited  and  described  a  Rail  Chair  which  he  had  devised 
with  a  view  of  overcoming  the  objections  to  joints  bolted 
through  the  webs  of  the  rails,  and  of  obviating  the  necessity 
lor  brace  or  check-blocks  on  curves.  The  lack  of  continuity 
and  consequent  wear  of  rail  ends,  and  the  constant  loosening 
of  nuts,  were  noted  as  the  principal  objections  to  present  forms 

The  invention  consists  of  two  pieces  of  cast-iron,  one  of 
which  bears  against  one  side  of  the  web  of  the  rail,  and  is  held 
to  the  tie  by  three  f^-in.  coach  screws.  6  in.  long,  while  the 
other  piece  abuts  against  the  first  and  against  the  other  side  of 
the  web  of  rail,  forming  a  clutch  which  is  held  in  place  by  a  single 
screw  located  about  4  in.  from  the  rail.  Mr.  Sint/enich  stated 
that  these  chairs  have  been  used  continuously,  for  two  winters 
and  one  summer,  on  the  Intercolonial  Railway  at  Moncton, 
N.  B.,  that  these  screws  had  not  once  loosened,  and  that  no 
other  objection  to  the  joint  had  been  discovered. 

The  Secretary  presented,  for  Mr.  F.  H.  Lewis,  a  paper  upon 
Clapp-Griffiths  Steel  for  Structural  Work. 

He  describes  the  method  of  manufacture  as  compared  with 
the  Bessemer  process  and  the  adaptability  of  the  required  plant 
to  mills  with  a  small  output,  and  gives  the  results  of  very  full 
physical  tests  of  specimens,  with  a  few  chemical  analyses. 
Test  specimens  were  exhibited. 

In  conclusion  he  says  :  "Some  tests  of  full-sized  eye-bars  of 
this  metal  have  been  made  with  generally  favorable  results: 
about  three-fourths  of  the  bars,  it  is  said,  being  satisfactory. 
I  have  not  been  able  to  get  the  figures.  Altogether,  the  show- 
ing, as  regards  quality  of  material,  is  good,  and  the  evidence 
of  a  considerable  period  of  time  and  a  large  number  of  tests 
seems  to  be  conclusive  that  the  specifications  for  mild  structural 
steel  can  be  readily  filled  by  the  Clapp-Gritfiths  metal  with  a 
percentage  of  rejection  certainly  under  5. 

"  ."^s  regards  the  question  of  whether  the  steel  is  better  than 
Bessemer  or  not,  as  has  been  claimed,  I  can  only  say  that  any 
one  who  sees  his  way  clear  to  argue  that  question  is  welcome 
to  the  floor." 

Mr.  Percival  Roberts,  Jr.,  followed  with  some  discussion, 
questioning  whether  any  advance  in  steel  manufacture  could 
be  claimed  for  this  process. 

The  Secretary  presented,  for  Mr.  Emile  Low,  a  paper  on 
Maps  for  Railroad  Surveys.  In  this  Mr.  Low  recommends 
the  use  of  separate  sheets.  19  X  24  in.,  which,  on  the  scale  of 
200  ft.  to  I  in.,  which  he  prefers,  would  each  include  about 
one  mile  of  the  road.  The  convenience  of  handling  and  filing 
these  sheets,  as  compared  with  large  drawings,  would  be  very 
great.  They  could  also  be  conveniently  carried  in  the  field  ; 
for   this    purpose    Mr.   Low   showed    a  convenient    portfolio. 
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which  could  also  be  used  as  a  drawing-board.  He  gave  vari- 
ous systems  of  arrangements  of  continuous  sheets  with  refer- 
ence to  the  meridian,  convenience  in  tracing  from  two  or  more 
sheets,  and  other  points. 

A  KEGULAR  meeting  was  held  in  Philadelphia,  April  2, 
President  T.  M.  Cleeman  in  the  chair  ;  32  members  and  5  visi- 
tors present.  The  following  were  elected  active  members  of 
the  Club  :  Messrs.  Conway  H.  Day,  Lino  F.  Rondinclla,  Henry 
S.  Prichard,  Eugene  A.  Rhoads,  A.  Wells  Robinson.  George 
N.  Bell,  Joseph  Powell,  Jr.,  and  Griflith  W.  Jones. 

The  Secretary  presented,  for  Mr.  Theo.  Low,  Notes  on 
Railroad  Construction.  The  paper  treats  of  detail  in  the 
management  of  surveys  and  plans,  forms  of  note  books, 
methods  of  accurate  measures  for  bridge  work,  coffer-dams, 
etc.  It  embodies  many  excellent  suggestions  as  to  practical 
details. 

Mr.  F.  W.  Whiting,  introduced  by  Mr.  L.  C.  Madeira,  Jr., 
presented  a  paper  upon  the  Prevention  of  the  Spreading  of 
Fires,  treating  especially  of  the  relation  ol  the  proper  and 
scientific  design  and  construction  of  buildings  to  their  safety 
from  entire  destruction  in  case  of  the  starting  of  a  fire  within 
them. 

Mr.  Francis  Lightfoot,  introduced  by  Mr.  J.  Kay  Little,  ex- 
hibited and  described  a  Stamp  Splice,  Tongue  and  Groove 
Rail  Joint,  devised  by  him.  The  ends  of  the  rails  are  stamped, 
at  the  heat  at  which  they  leave  the  last  roll,  in»o  such 
shape  that  they  will  halve  over  or  against  each  other,  and  sus- 
tain each  other  by  an  arrangement  of  tongues  and  grooves. 
They  are  simply  bolted  together  without  any  additional  plate 
or  fixture.  They  have  been  liid  on  a  portion  of  the  Pennsyl- 
vania Railroad,  where  they  are  being  subjected  to  severe  test. 
The  inventor  claims  that  the  test,  to  date,  has  been  entirely 
successful,  and  that  manv  advantages  have  been  obtained  over 
other  forms  of  joint. 

Mr.  Max  Livingston  presented  a  paper  on  Petroleum,  in 
which,  after  reviewing  the  history  of  its  production  in  Amer- 
ica, he  gave  an  account  of  the  Russian  oil  fields. 

The  Secretary  presented  a  communication  from  Mr.  Gratz 
Mordecai,  suggesting  an  active  interest  on  the  part  of  the 
Club  in  local  engineermg  matters  and  public  work.  It  was 
referred  to  the  Board  of  Directors. 


American  Society  of  Civil  Engineers. 

A  REGULAR  meeting  was  held  at  the  Society's  House  in 
New  York,  on  the  evening  of  April  6. 

The  Committee  on  the  24-hour  System  reported  that  the 
question  of  the  adoption  ol  that  systen  would  be  taken  up  by 
the  General  Time  Convention. 

It  was  announced  that  Harry  Gilbert  Darwin  had  been 
elected  a  Fellow  of  the  Society. 

The  following  elections  were  announced  :  Members:  Horace 
Andrews,  City  Engineer  and  Surveyor,  Albany,  N.  Y.;  Frank 
Graef  Darlington,  Superintendent  Cincinnati  &  Muskingum 
Vallev.  Zanesville.  O.;  Joseph  Thompson  Dodge.  Chief  En- 
gineer Montana  Central,  Helena.  Mont.:  Edward  Adolph 
Hermann,  .f^ssistant  Engineer  Cincinnati.  Indianapolis,  St. 
Louis  &  Chicago.  Indianapolis,  Ind.;  Henry  Clay  Jennings, 
Assistant  Engineer.  Chicago,  Milwaukee  &  St.  Paul,  Mil- 
waukee, Wis.:  Samuel  Fisher  Morris,  Assistant  Engineer, 
New  Croton  Aqueduct,  Yonkers,  N.  Y.;  Benjamin  Franklin 
Thomas,  U.  S.  Assistant  Engineer  in  charge  Big  Sandy  River. 
Louisa,  Ky.  Juniors  :  George  McGrew  Farley,  Engineer 
Maintenance  of  Way  Northwestern  Ohio  Railroad,  Toledo.  O.; 
Gideon  Frederick  Haynes,  .A.dvisory  Engineer  mills  of  William 
Roberts,  Waltham,  Mass. 

The  subject  for  the  evening — the  discussion  of  Mr.  Wm. 
Metcalf's  paper  on  Steel — was  then  taken  up. 

Lieutenant  Jacques,  U.  S.  N.,  read  a  written  discussion  in 
which,  while  speaking  in  the  highest  terms  of  Mr.  Metcalf  as 
an  expert,  he  dissented  from  his  views  on  certain  points.  The 
offer  of  the  Bethlehem  Works,  to  make  the  steel  required  under 
the  recent  competition,  he  considered  a  guarantee  that  the 
system  of  building  up  steel  guns  is  the  best.  He  considered 
the  Terre  Noire  experiments  as  also  proving  that  a  steel  gun 
cannot  be  cast  successfully.  He  asked  Mr.  Metcalf  why,  if 
hammering  and  rolling  were  not  beneficial,  he  resorted  to 
these  processes  so  universally  in  his  own  shops. 

To  this  Mr.  Metcalf  replied  that  they  were  called  upon  for 
about  6.oO(i  sizes  and  different  shapes,  and  hammering  and 
rolling  were  the  most  economical  methods  for  producing  them. 
He  did  not  believe  there  were  any  beneficial  effects  resulting. 

Dr.  R.  I.  Catling  then  read  a  written  discussion,  in  which 
he  held  that  hard  steel  was  not  a  safe  material  for  guns.     He 


advocated  the  use  of  mild  steel,  and  believed  that  large  guns 
could  be  cast  successfully.  He  continued  at  some  length,  up- 
holding Mr.  Metcalf's  views,  that  gun-steel  should  not  be 
hammered,  pointing  out  the  dangers  from  overheating  and 
overannealing,  etc. 

Mr.  F.  Collingwood  read  a  brief  paper  expressing  the  opinion 
that, when  experts  such  as  Mr.  Metcalf  expressed  so  positive 
an  opinion  respecting  the  possibility  of  casting  large  guns  suc- 
cessfully on  the  Rodman  plan,  it  was  un-American  for  us  to 
blindly  follow  the  lead  of  other  nations  without  first  following 
the  lead  of  our  07vn  tr.iditions,  and  proving  the  truth  or  falsity 
of  Mr.  Metcalf's  position  by  actual  test. 

Mr.  A.  H.  Emery  said  that  while  he  had  given  the  subject 
of  guns  and  projectiles  very  considerable  attention,  his  greater 
experience  was  in  the  behavior  of  the  materials  which  would 
enter  into  then.  He  acknowledged  the  good  work  of  the 
Rodman  cast-iron  gun,  but  pointed  out  that  the  conditions  had 
changed  very  much  in  the  last  20  years,  in  weight  of  charge 
and  projectile,  muzzle  velocity  and  initial  pressure  on  the  gun. 
He  thought,  moreover,  that  there  was  an  element  of  safety 
and  strength  in  the  old  cast-iron  gun  that  was  lacking  in  mild 
steel.  Thus,  while  cast-iron  had  a  low  limit  of  elasticity,  it 
would  bear  very  high  compressive  strains  and  transmit  such 
strains  without  flow  o(  metal.  Mild  steel,  on  the  other  hand, 
met  the  limit  of  resistance  to  this  flow  at  40,000  lbs.  pressure, 
and  pressures  of  more  than  30.000  lbs.  were  now  applied  to 
guns,  with  a  rapid  tendency  to  increase  this  pressure  in  prac- 
tice. The  speaker  illustrated  this  theory  by  describing  some 
experiments  at  the  Watertown  Arsenal,  where  the  wax  test 
was  applied  to  two  similar  cylinders,  one  wholly  of  cast-iron 
and  the  other  having  a  portion  of  the  cast-iron  replaced  by  a 
lining.  ,''„  in.  thick,  of  wrought-iron  ;  the  latter  burst  first, 
though  it  would  seem  to  have  had  in  it  the  stronger  combina- 
tion of  metals.  The  explanation  was  that  the  wrought-iron 
commenced  to  flow  under  the  pressure  applied  and  assisted 
the  wax  in  bursting  the  outer  shell  of  cast-iron  instead  of 
strengthening  it.  Mr.  Emery  described  the  process  of  draw- 
ing down  steel  bars  by  machine  hammering  and  testified  to  the 
good  qualities  of  this  steel,  and  for  his  ideal  gun  only  asked 
for  a  piece  of  metal  of  similar  quality  4  ft.  square  and  about 
40  ft.  long.  But  he  did  not  expect  to  live  long  enough  to  see 
such  a  mass  made  equal  in  quality  to  the  smaller  sections  first 
referred  to.  He  thought,  therefore,  to  insure  the  best  material 
and  perfect  homogeneousness,  we  must  depend  upon  built-up 
guns  made  from  comparatively  small  parts.  He  referred  to 
the  good  work  done  by  exceptionally  hard  steel  6  in.  pins  used 
in  his  testing  machine,  which  have  stood  for  years  the  severest 
shocks  and  strains,  such  as  would  result  from  the  breaking  of 
a  test-bar,  with  750,000  lbs.  stress  upon  it,  recoiling  against  this 
pin  over  a  j^-in.  space. 

Mr.  J.  M.  Knapp  believed  in  making  a  full  trial  of   the  cast- 
steel  gun  before  going  further  in  the  construction  of  heavy  guns. 
Mr.   Dorsev   spoke  of  the   Armstrong  wire-wound  gun  and 
the  results  obtained  from  it. 

Mr.  Theodore  Cooper  said  that  his  experience  had  taught 
him  to  prefer  mild  steel  for  structural  purposes  on  account  of 
its  greater  relialjility.  He  believed  that  large  guns  could  be 
successfully  made  of  cast-steel,  and  that  they  would  be  supe- 
rior to  the  best  built-up  guns.  The  speaker,  in  discussing  the 
bursting   effect    in    guns,    called    attention   to    the    interesting 
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from  the  bore  to  the  exterior  of  the  gun  barrel  ;  the  author  had 
already  addressed  the  Society  on  this  subject  in  a  paper  on 
the  effect  of  punching  steel,  and  the  same  lines  had  been  after- 
ward noticed  by  a  Russian  engineer.  These  curved  lines 
cross  each  other  at  an  angle  of  about  45  .  and  are  so  well  de- 
fined under  stress,  that  they  can  be  etched  and  printed  from. 

Prof.  De  Volson  Wood  spoke  briefly  of  the  relative  action 
of  a  bursting  charge  on  solid  and  built-up  cylinders. 

A  lengthy  paper,  by  Mr.  John  Coffin,  was  partly  read, 
which  was  largely  illustrated  by  diagrams,  treating  mainly  on 
the  condition  of  carbon  in  steel,  as  modified  by  working.  The 
reading  was  not  completed,  owin?  to  the  lateness  of  the  hour. 

Besides  the  papers  already  mentioned,  written  discussions 
were  presented  (but  not  read)  bv  Commander  C.  F.  Goodrich, 
Prof.  Tohn  W.  Langly,  Lieutenant  Commander  F.  M.  Barber, 
Lieutenants  Arthur  .M.  Knight  and  R.  R.  IngersoU,  Messrs. 
Henrv  M.  Howe,  D.  L.  Whittemore,  Wm.  Sellers,  M.  J. 
Becker,  L.  L.  Buck,  W.  H.  Burr,  A.  Gottlieb,  A.  E.  Hunt, 
C.  A.  Marshall,  P.  Roberts,  Jr.,  Joseph  M.  Wilson  and  S.  T. 
Wagner.  No  subject  before  the  Society  for  a  long  time  has 
called  out  such  a  discussion. 

Mr.  Metcalf,  being  called  on  to  close  the  discussion,  ex- 
pressed disappointment  that  it  had  gone  so  much  in  the  direc- 
tion of  gun  manufacture.  He  referred  to  other  parts  of  the 
discussion  not  yet  read,  showing  variations  in    carbon  utterly 
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disproving  the  conclusions  reached  by  Mr.  Coffin.  His  in- 
terest does  not  lie  in  gun  manufacture,  but  in  the  use  of  steel 
structurally.  He  had  pointed  out  four  or  five  fundamental 
facts  as  a  result  of  the  manufacture  of  steel  and  testing  it 
during  20  years,  and  he  presented  them  for  the  use  of  the 
profession  and  an  advance  in  the  intelligent  use  of  the  material 
by  engineers.  He  cautioned  them  against  accepting  refine- 
ments as  to  carbides,  carbon  of  cementation,  etc.  With  re- 
gard to  steel  guns,  he  thought  that  it  was  very  important  to 
remember  the  susceptibility  of  the  metal  to  changes  under  the 
inlluenceof  heat,  and  asked  a  careful  consideration  of  the 
subject. 

At  the  meeting  of  .\pril  20,  the  Secretary  announced  that 
the  Committee  had  decided  to  hold  the  annual  meeting  at  the 
Hotel  KaaterskiU  in  theCatskill  Mountains,  in  the  first  week 
of  July.  There  would  be  a  steamboat  trip  up  the  Hudson,  an 
inspection  of  the  work  on  the  Poughkecpsie  Bridge  and  other 
excursions  ;  details  to  be  announced  hereafter. 

The  discussion  of  Mr.  Metcalf's  paper  on  Steel  was  then 
taken  up  again.  The  Secretary  read  abstracts  of  the  written 
discussions  including  those  of  Mr.  E.  j.  Whiltemore,  who  re- 
ferred to  the  loss  of  strength  by  steel  in  passing  through  shop 
manipulations. 

Commander  C.  F.  Goodrich  favored  a  trial  of  cast-steol  guns. 

Lieutenant  Commander  Barber  also  believed  that  cast-steel 
guns  should  be  tried,  although  somewhat  doubtful  of  their 
success  on  account  of  the  difficulty  of  making  the  castings. 
He  noted  that  nearly  all  the  important  improvements  in  guns 
adopted  in  Europe  were  of  American  origin. 

Lieutenant  R.  R.  Ingersoll  asked  about  the  effect  of  an- 
nealing on  cast-steel  guns. 

Lieutenant  .\ustin  M.  Knight  referred  to  the  very  small 
proportion  of  failure  in  built-up  guns.  The  effect  of  vibrations 
resulting  from  the  explosion  of  gunpowder  is  still  almost  un- 
known. 

Mr.  Wm.  Sellers  wrote  of  the  difficulty  of  securing  good 
castings  for  very  large  guns. 

|Mr  Charles  A.  Marshall  said  that  there  was  much  risk  with 
large  castings,  while  built-up  guns  could  be  tested  in  every 
part. 

Mr.  Henry  M.  Howe  believed  in  a  trial  of  cast  guns. 

.\Ir.  .v.  E.  Hunt  spoke  of  the  difference  in  quality  of  steel 
and  the  importance  of  annealing,  llis  paper  was  accompanied 
by  elaborate  tables  of  tests  made  of  gun  steel. 

Mr.  lohn  Coffin  presented  a  summary  of  experiments  made 
by  Mr.'j.  A.  Grinnell. 

Professor  J.  \V.  Langley  approved  Mr.  Metcalf's  statement 
that  steel  is  a  fluid. 

Mr.  M.  J.  Becker  referred  to  the  increasing  tendency  to  use 
cast-steel  for  certain  parts  of  bridges. 

Professor  W.  H.   Burr  gave    some    results  of  recent 
ments.      He  does  not  believe  in  cast-steel  for  guns. 

Mr.  A.  Gottlieb  wrote  of  the  treacherous  nature  of  st 
the  need  of  careful  forging. 

Mr.  S.  F.  Wagner  thought  greater  care  was  needed  in  tests  ; 
also  in  heating  steel. 

Mr.  Joseph  M.  Wilson  said  that  engineers  could  get  such 
steel  as  they  needed  ;  also  mentioned  some  results  of  over- 
annealing  in  eye-bars  for  bridges. 

Mr.  Percival  Roberts,  Jr. ,  thought  that  structural  steel  should 
be  tested  in  completed  form.  Clieniical  tests  were  also  to  be 
regarded. 

Mr.  Buck  wrote  of  the  bursting  strains  on  guns  and  proposed 
a  cast  gun  with  an  interval  tube  of  hard  steel  for  the  bore. 
■^ .After  the  reading  of  the  papers  there  was  a  verbal  di 
joined  in  by  Messrs.    Worthen,  Cooper,  Roberts,  Colli 
Brinkerhoff  and  others. 


Master  Car-Builders'  Club. 

The  regular  monthly  meeting  was  held  in  N'ew  Vork,  .-\pril 
2t,  President  C.  E.  Garey  in  the  chair. 

The  subject  of  Lighting  Cars  being  taken  up,  Mr.  Di.Kon 
explained  the  the  well-known  Pintsch  system  of  lighting  by 
gas. 

Ventilation  of  Cars  being  next  in  order,  the  Ober  ventilator 
was  shown.  Mr.  Creamer  mide  a  few  remaks  on  his  own  and 
other  systems. 

Heating  Cars  was  then  brought  up,  and  Mr.  W.  T.  Taggart. 
of  the  Standard  Car  Heating  &  Ventilating  Company  of 
Pittsburgh,  explained  the  Westinghouse  heater,  which  is  a 
steam  heater,  the  boiler  being  suspended  under  the  car. 

Mr.  Bell  then  spoke  of  the  Bell  Safety  Casing,  which  is  a 
boiler-iron  box  or  case  placed  over  any   form  of  heater,  and 


jperi- 
■\  and 


secured  to  the  car,  with  provision  for  automatically  closing  the 
door  in  case  of  accident. 

Mr.  M.  B.  Rooney  then  described  the  Hurley  System  of 
pipes  and  couplings,  which  can  be  used  for  either  steam  or  hot 
air. 

Mr.  Frank  M.  Wilder  stated  that  he  had  devised  a  system  of 
heating,  which  would  soon  be  ready  for  trial. 

Mr.  Martin  spoke  of  the  extending  use  of  the  Martin  Anti- 
fire  System.  Mr.  Frost  gave  an  exhibition  of  his  plan  for 
extinguishing  fire  in  case  of  accident. 


General  Time  Convention. 

At  the  spring  meeting  held  in  New  York,  April  13,  this  body, 
which  has  of  late  years  extended  its  functions  considerably  be- 
yond its  original  duty  of  arranging  schedules  for  through 
trains,  considered  and  adopted  the  uniform  train  rules,  provi- 
sionally adopted  at  the  previous  meeting.  A  code  of  uniform 
telegraphic  rules  was  also  considered. 

A  report  was  received  on  the  ?4-hour  system  of  reckoning 
time,  accompanied  by  documents  from  the  American  Society 
of  Civil  Engineers.  This  subject  was  laid  over,  many  of  the 
members  favoring  the  system,  but  believing  that  time  would  be 
required  to  secure  its  adoption. 

The  Committee  on  Uniform  Car  Mileage  Reports  presented 
a  report  giving  answers  obtained  from  a  number  of  lines.  This 
Committee  recommended  ;  I.  That  a  record  should  be  kept  of 
all  cars  switched  to  connecting  lines,  and  junction  reports  sent 
daily.  2.  That  mileage  of  line  car-;  should  be  reported  to  own- 
ing companies  or  line  managers  as  companies  may  direct.  3. 
That  the  charge  for  passenger  cars  on  foreign  roads  be  3  cents, 
postal  2  and  baggage  cars  lyi  cents  per  mile.  This  report  was 
approved. 

Association  of  Railroad  Superintendents. 

The  half-yearly  meeting  was  held  in  New  Vork.  April  12. 

The  Committee  on  Uniform  Rates  for  Trains  using  other 
Roads  in  Emergencies  made  a  report,  which  was  discussed. 

The  Committee  on  Frogs  made  no  report,  but  there  was  a 
discussion  on  the  subject. 

The  Committee  on  Freight  Car  Demurrage  reported,  recom- 
mending a  charge  of  $i  per  day  for  detention,  72  hours  being 
allowed  for  unloading,  loading,  etc.  This  was  discussed  and 
finally  approved. 

The  Committee  on  Machinery  was  instructed  to  confer  with 
the  Master  Mechanics'  and  the  Master  Car-Builders'  Associa- 
tions, and  the  Committee  on  Roadway  with  the  Roadmasters' 
Association. 

There  were  short  discussions  on  Car  Couplers  ;  on  Track 
Inspection  ;  on  Yard  Signals  ;  on  Train  Dispatching  ;  on  the 
Prevention  of  Fire  from  Locomotive  Cinders  ;  on  Steam  Heat- 
ing of  Cars  ;  on  Lighting  Cars  and  on  the  use  of  Fire  Extin- 
guishers in  case  of  accident. 

The  following  officers  were  chosen  for  the  ensuing  year  : 
President,  H.  F.  Royce,  Chicago,  Rock  Island  &  Pacific  ;  First 
Vice-President,  C.  S.  Gadsden,  Charleston  &  Savannah  ;  Sec- 
ond Vice-President,  L.  W.  Palmer,  New  York  &  New  England  ; 
Third  Vice-President.  J.  B.  Morford,  Michigan  Central  ;  Sec- 
retary, Waterman  Stone,  Providence,  Warren  &  Bristol  ;  As- 
sistant Secretary,  C.  A.  Hammond,  Boston,  Revere  Beach  & 
Lynn  ;  Treasurer,  R.  M.  Sully,  Richmond  &  Petersburg. 

Standing  Committees  were  appointed  as  follows  :  Executive, 
W.  H.  Murphv,  H.  Stanley  Goodwin,  .A.  B.  Atwater ;  Ma- 
chinery, R.  G.  Fleming,  J.  F.  Divine.  C.  S.  Gadsden  ;  Road- 
way, Messrs.  Howard,  Holbrook  and  Law  ;  Transportation, 
Messrs.  Blee.  Metheanv  and  Chase. 


Master  Car-Builders'  Association. 

Till,  following  circulars  have  been  issued  from  the  Secre- 
tary's office,  under  date  of  April  15  : 

.ANNUAL   CONVE.NTION. 

The  Twenty-first  Annual  Convention  will  be  held  in  Min- 
neapolis, Minn.,  beginning  on  Tuesday,  June  14,  at  10  .\.  M. 
The  following  is  a  list  of  the  subjects  on  w-hich  it  is  expected 
that  special  reports  will  be  made,  and  which  will  be  discussed 
during  the  sessions  of  the  Convention  : 

1.  Standards  and  Appliances  for  the  Safety  of  Trainmen. 

2.  British  and  Continental  Practice  in  Matters  of  Interest  to 
the  Master  Car-Builders'  Association. 

3.  Automatic  Freight  Car  Brakes. 

4.  The  Comparative  Advantages  of  the   Two    Methods   of 
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constructing  Freight  Cars,  vvitli  and  without  Platform  Timbers 
or  End  Sills  projecting  from  the  End  of  the  Car. 

5.  Maximum  Outside  Dimensions  of  Freight  Cars. 

6.  Standard  Draw-Gear  for  Non-Automaiic  Couplers. 

7.  Appliances  to  Prevent  the  Slipping  of  Wheels,  both  Pas. 
scnger  and  Freight 

S.  Standard  Freight-Car  Truck  and  Axle  for  Cars  of  6o,noo 
bs.  Capacit  y. 

9.   Standard  Sizes  of  Lumber  for  Freight  Cars. 

10.  The  Best  Form  and  Construction  of  Car  Roofs. 

The  revision  of  the  Rules  Governing  the  Condition  of,  and 
Repairs  to,  Freight  Cars  for  the  Interchange  of  Traffic,  will 
be  the  special  order  of  business  at  3  o'clock  r.  M.  on  the  second 
day  (Wednesday,  June  15)  of  the  session  of  the  Convention. 
In'order  to  take  pait  in  this  revision,  representatives  of  rail- 
road companies  must  be  members  of  the  Association. 

The  Constitution  provides  that  :  "  Any  person  holding  the 
position  of  Superintendent  of  the  Car  Department,  Master  Car- 
Builder  or  Foreman  of  a  Railroad  Car  Shop,  or  one  represen- 
tative from  each  Car  Manufacturing  Company,  or  other  Com- 
pany owning  over  1,000  cars  which  are  not  in  process  of  pur- 
chase by  other  parties,  may  become  an  Active  Member  by  pay- 
ing his  dues  for  one  year.  Unless  expelled  from  the  Associa- 
tion, his  membership  shall  continue  until  his  written  resigna- 
is  received  by  the  Secretary. 

"  Any  person  having  a  practical  knowledge  of  car  construc- 
tion may  become  a  Representative  Member  by  receiving  a 
luritttn  appointment  from  the  President,  General  Manager  or 
General  Superintendent  of  any  railroad  company,  to  repre- 
sent its  interests  in  the  Association  ;  provided  that  no  Repre- 
gentative  Member  shall  represent  more  than  one  railroad  or 
system  of  roads  under  one  General  Manager  or  General  Super- 
intendent. Such  members  shall  have  all  the  privileges  of  an 
Active  Member,  including  one  vote  on  all  questions,  and,  in 
addition  thereto,  shall,  on  all  measures  pertaining  to  the  adop- 
tion of  standards  or  the  expenditure  of  money,  have  one 
more  vote  for  each  full  i,003  cars  which  are  owned,  or  which 
are  in  use  and  in  process  of  purchase,  by  the  road  or  system 
which  he  represents.  His  membership  shall  continue  until 
notice  is  given  the  Association  of  his  vpithdrawal  or  of  the  ap- 
pointment of  his  successor.  No  railroads  or  system  of  roads, 
under  one  General  Manager  or  General  Superintendent,  shall 
have  more  than  one  Representative  Member.  In  the  enumera- 
tion of  four,  six,  eight  or  more  wheeled  cars,  four  axles  to 
count  as  one  car. 

"Sec.  I.  Every  member  will  be  subject  to  the  payment 
of  annual  dues,  to  be  assessed  at  each  annual  meeting,  to 
defray  the  necessary  expenses  of  the  Association,  provided 
that  no  assessment  shall  exceed  $S.  Each  Representative 
Member  shall  pay,  in  addition  to  his  own  dues  so  assessed,  the 
same  amount  for  each  additional  vote  to  which  he  is  enitled." 

Blank  applications  for  active  membership  and  blank  appoint- 
ments for  representative  membership  will  be  forwarded  on 
application  therefor  to  the  Secretary.  It  is  desirable  that  such 
applications  and  appointments  should  be  filled  out  and  forwarded 
to  the  Secretary  before  the  annual  convention  is  held,  although 
persons  may  become  members  during  its  sessions. 

Arrangements  have  been  made  with  the  management  of  the, 
West  Hotel  in  Minneapolis  for  the  accommodation  of  the 
members  of  the  .Association,  with  board  and  room  for  $2.50 
per  day  for  each  person  ;  rooms  with  bath  attached,  f3  per  day 
for  each  person.  These  rates  are  for  members  only.  The 
Committee  of  .\rrangements  were  unable  to  secure  the  same 
rates  for  those  who  will  attend  the  meetings  of  the  Association, 
but  who  are  not  members  of  it. 

The  manager  of  the  hotel  tenders  all  its  accommodations  to  the 
members,  but  he  says  it  will  be  impossible  to  give  rooms  to  sin- 
_gle  persons  or  so  large  a  number  unless  many  of  them  will  room 
together.  A  blank  application  for  rooms  is  enclosed  herewith. 
Members  who  wish  to  engage  rooms  are  requested  to  fill  out 
the  names,  on  the  enclosed  card,  of  those  persons  who  will 
room  together,  and  then  forward  it  to  the  manager  of  the  West 
Hotel. 

Representative  members  are  requested  to  report  to  the  Sec- 
retary, either  before  or  at  the  Convention,  the  number  of  cars 
owned  by  their  companies. 

BEST    I'ORM    AND    CONSTRUCTION    OF   CAR    ROOFS. 

Your  Committee  to  report  on  the  best  form  of  Car  Roof,  at 
the  Annual  Convention  to  be  held  June,  1SS7,  would  respect- 
fully ask  your  assistance  in  making  up  their  report  by  giving 
them  facts  as  you  may  have  referring  to  Car  Roofs,  particu- 
larly as  to  the  name,  plan  of  construction,  material  and 
amount  used,  cost  of  labor  and  material  average  life,  and  any 
•other  information  bearing  on  the  subject  that  you  may  deem 
valuable. 
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remind  you  that  the  value   and  import- 
11   depend  largely   upon  your  assistance 


They  would  k 
ance  of  their  re| 
in  this  way. 

They  will  be  pleased  to  receive  your  reply  if  possible  noi 
later  than  May  15,  18S7,  addressed  to  the  Chairman,  J.  D 
Mcllwain,  Grand  Trunk  Railway.  London,  Ontario. 

J.    D.    Mcll  WAIN,   i 

%      L.   Packakh.  .-Committee. 

S.  Irvin.  ) 


Communications  for  the  Secretary  of  the  Association  shculd 
hereafter  be  addressed  to  him  at  No.  45  Broadway  (instead  of 
23  Murray  street).  New  York. 


Association  of   Engineering    Societies. 

A  MEETiNc,  of  the  board  of  managers  was  held  in  Chicago, 
April  15,  Mr.  Benezette  Williams  presiding;  J.  B.  Johnson 
acting  as  Secretary.  The  Engineering  Societies  of  Boston, 
Chicago,  St.  Louis  and  St.  Paul  were  represented. 

After  discussion  it  was  ordered  that  the  proposition  sub- 
mitted by  Secretary  Prout  for  the  printing  of  the  Journal  of 
the  Association,  be  accepted,  provided  that  the  number  of 
surplus  copies  of  each  issue,  over  and  above  all  takers,  shall 
be  at  least  50  per  cent,  of  the  number  taken  m  the  Association, 
and  that  the  remainder  of  these,  on  the  termination  of  this 
contract,  shall  become  the  property  of  the  board  of  managers, 
and  provided  that  the  publication  shall  appear,  as  heretofore, 
as  published  by  this  board,  and  provided  that  no  article  shall 
be  allowed  to  appear  in  any  periodical  before  the  circulation 
of    the   copies  of  the  /o;»/;i?/ which    contain  said  article. 

The  application  of  the  Engineers'  Club  of  Kansas  City  to  be- 
come a  member  of  the  Association  was  granted,  this  making 
seven  societies  now  in  the  Association. 

Chairman  Williams  and  Secretary  Prout  were  unanimously 
reelected  to  their  respective  offices.  It  was  ordered  that  the 
Index  Department  remain  under  the  general  control  of  Mr. 
Johnson,  as  heretofore. 

A  committee  appointed  to  prepare  an  address  to  the  socie- 
ties in  the  Association  presented  an  address  showing  the  ad- 
vantages secured  by  union,  and  urging  upon  the  seven  societies 
now  represented  and  others  which  may  join  them  the  forma- 
tion of  a  National  I'nion.  It  is  suggested  that  a  convention 
be  called,  to  which  all  engineering  societies  be  invited  to  send 
representatives. 

This  report  was  adopted,  and  the  Chairman  was  authorized 
to  send  the  address  to  all  the  societies,  and  to  make  arrange- 
ments for  the  convention  when  responses  are  received. 

It  was  ordered  that  official  documents  of  the  Council  of  Engi- 
gineering  Societies  upon  National  Public  Works  be  published 
in  the  Journal.  After  authorizing  the  usual  assessments,  the 
board  adjourned. 


PERSONALS. 

Mr.  W.  Crosby  has  been  appointed  Engineer  in  charge  of 
the  Asylum  Street  improvement  in  Hartford,  Conn. 

Mr.  William  K.  Lyon  has  been  appointed  Superintendent  of 
the  Housatonic  Railroad,  in  place  of   H.  \.  Bishop. 

Mr.  Harvey  Sawyer  is  Chief  Engineer  of  the  Chesapeake 
&  Nashville  road,  with  oflice  at  Gallatin,  Tennessee. 

Mr.  J.  E.  Capps  is  appointed  Master  Car-Builder  of  the 
Mobile  &  Ohio  Railroad,  with  office  at  Whistler,  Ala. 

Mr.  Reuben  R.  Marble  has  been  appointed  City  Engineer 
of  Columbus,  ( ).,  in  place  of  John  Graham,  resigned. 

Mr.  William  Alfred  Kellond  is  appointed  Assistant  to  the 
General  Manager  of  the  Louisville  &  Nashville  Railroad. 

Mr.  O.  H.  Dorrance  has  resigned  his  position  as  Superin- 
tendent of  the  Nebraska  Division  of  the    Union  Pacific  road. 

Mr.  E.  A.  Flewellen  has  resigned  his  position  as  Chief 
Engineer  and  General  Mana.ger  of  the  Columbus  &  Western 
Railroad. 

Messrs.  Charles  Kellogg  and  Thomas  C.  Clarke  have 
withdrawn  from  the  partnership  known  as  the  Union  Bridge 
Company. 

Mr.  W.  W.   Pagan  has  been  appointed    General  Superin- 
tendent of  the  Kansas  City.  Fort  Scott  &  Gulf  and  the  Kansas 
City,    Springfield  &  Memphis  roads.      He   has   bee 
time  Superintendent  of  the  Central  Branch,  Union  Pacific. 
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Mr.  T.  G.  Dabney  has  been  appointed  Chief  Engini-cr  of 
the  .^lt•mphi^,  Arkansas  &  Texas,  a  projected  new  line  in 
Arkansas. 

Mr.  W.  L.  Richards,  of  Aberdeen,  Dak.,  is  Chief  Engineer 
of  the  projected  Aberdeen,  Bismarck  &  Northwestern  Railroad 
in  Dakola. 

Mr.  Jason  Rogers  has  been  appointed  a  member  of  the 
Illinois  Kailroad  and  Warehouse  Commission  in  place  of  W. 
T.  Johnson. 

Mr.  M.  J.  Rogers  has  been  appointed  Master  Mechanic  of 
the  Chicago,  Santa  Fe  &  California  road,  with  office  at 
Streator,  111. 

Mr.  W.  I.  Allen  is  appointed  General  Superintendent  of 
the  Chicago,  Kansas  &  Nebraska  road,  with  headquarters  at 
Horton.  Kansas. 

Mr.  N.  C.  Ray,  recently  on  the  Union  Pacific,  has  been 
appointed  Resident  Engineer  at  Butte,  Mon.,  on  the  Montana 
Central  Railroad. 

General  James  B.  Hill  has  been  appointed  Railroad  Com- 
missioner  of  Virginia  in  place  of  Mr,  H.  G.  Moffet,  whose 
term  has  expired. 

Mr.  John  J.  Martin  has  been  appointed  Chief  Engineer  of 
the  Pine  Blut=f,  Monroe  &  New  Orleans  Railroad,  with  office 
at  Pine  Bluff.  Ark. 

Mr.  H.  H.  Rogers  has  been  chosen  President  of  the  Troy 
Iron  ^:  Steel  Company,  of  Troy,  N.  Y.,  in  place  of  Chester 
Griswold,  resigned. 

Mr.  Spencer  Smith,  of  Council  Bluffs,  has  been  appointed 
Railroad  Commissioner  of  Iowa  in  place  of  Judge  McDill, 
whose  term  has  expired. 

Mr.  W.  B.  Doddridge  is  appointed  Superintendent  of  the 
Central  Branch,  Union  Pacific,  in  place  of  W.  W.  Fagan,  re- 
signed to  go  to  another  road. 

Mr.  W.  H.  Stevenson  has  been  appointed  General  Mana- 
ger of  the  Honsatonic  Railroad.  He  was  recently  on  the  New 
York.  New  Haven  l^   Hartford  road. 

Lieutenant  Commander  Henry  E.  Nichols,  U.  S.  N.,  has 
been  ordered  on  duty  as  inspector  of  steel  for  the  new  cruisers, 
under  charge  of  Commander  Evans. 

Lieutenant  William  B.  Caperton.  U.  S.  N.,  has  been 
ordered  to  duty  as  inspectur  of  steel  at  Pittsburgh,  under 
general  direction  of  Commander  Evans. 

Mr.  W.  D.  Ballentine  has  been  appointed  Master  of 
Machinery  of  the  Florida  Railway  &  Navigation  Company, 
succeeding  Mr.  L.  S.  Randolph,  resigned. 

Mr.  D.  J.  Lucas  has  been  appointed  Engineer  in  charge  of 
construction  of  the  St.  Louis  &  Chicago  road.  He  was  recently 
Engineer  of  the   East  Penii  Oil  &  Gas  Company. 

Mr.  E.  F.  Fuller,  of  New  York,  is  Chief  Engineer  of  the 
Paducah  &  Illinois  Bridge  Company,  which  proposes  building 
a  bridge  at  Paducah.  Ky.,  across  the  Ohio  River. 

Mr.  Edward  Barrington,  of  Washington,  D.  C,  has  been 
appointed  Chief  Engmeer  of  the  Kansas  City,  Superior  & 
Northwestern  Railroad,  a  projected  line  in  Nebraska. 

Mr.  T.  J.  Potter,  Vice-President  of  the  Chicago,  Burling- 
ton &  Quincy,  has  resigned  that  office  to  accept  the  position 
of  First  Vice-President  of  the  Union  Pacific  Company. 

Lieutenant  Colonel  Peter  C.  Hains,  U.  S.  Engineers,  is 
assigned  to  duty  in  charge  of  the  construction  of  the  bridge 
over  the  Eastern  Branch  of  the  Potomac  at  Washington. 

Captain  Smith  S.  Leach,  L".  S.  Engineers,  has  been  as- 
signed to  duty  as  Secretary  and  Disbursing  Officer  of  the  Miss- 
issippi River  Commission,  with  headquarters  in  St  Louis. 

Mr.  T.  S.  Dunn,  heretofore  Roadmaster  of  the  Pensacola 
Division  of  the  Louisville  &  Nashville  road,  has  been  appoint- 
ed Roadmaster  of  the  Mobile  &  Montgomery  Division  also. 

Mr.  T.  J.  Frazier  Assistant  Engineer,  Trans-Ohio  divisions, 
Baltimore  &  Ohio,  will,  in  addition  to  his  other  duties,  take 
charge  of  maintenance  of  way,  Chicago  Division,  from 
April  I. 

Colonel  R.  S.  Miner  has  been  appointed  Superintendent  of 
the  South  iS:  North  Alabama  Division  of  the  Louisville  &  Nash- 
ville road  in  place  of  Mr.  Levi  Hege,  transferred  to  another  posi- 
tion. 

Mr.  George  A.  Kimball  has  resigned  his  office  as  City 
Engineer  of  Somerville,  Mass.  Mr.  Kimball  is  in  practice  as 
consulting  engineer,  making  a  specialty  of  water  supplv  and 
sewerage. 

Mr.  F.  Y.  Dabney  has  been  appointed  Chief  Engineer  and 
General  Manager  of  the  Columbus  &  Western  Railroad,  with 


office  at  Columbus,  Ga.  Hesucceeds  Mr.  E.  A.  Flewellen,  who 
has  resigned. 

Mr.  L.  W,  Towne  has  resigned  his  position  as  General 
Superintendent  of  the  Kansas  City,  Fort  Scott  &  Gulf  and  the 
Kansas  City,  Springfield  &  Memphis  roads  on  account  of  con- 
tinued ill  health. 

Captain  W.  W.  Peabody  has  been  appointed  General 
Manager  of  all  the  Trans-Ohio  lines  of  the  Baltimore  &  Ohio, 
with  office  in  Chicago.  He  was  recently  President  of  the 
Ohio  &  Mississippi. 

Mr.  L.  S.  Randolph  has  been  appointed  Master  Mechanic 
of  the  Cumberland  &  Pennsylvania  Railroad,  with  office  at  Mt. 
Savage.  Md.  He  was  recently  with  the  Florida  Railway  & 
Navigation  Company. 

Mr.  C.  A.  Swineford  has  resigned  his  position  as  Superin- 
tendent of  the  Madison  Division  of  the  Chicago  iV  North- 
western road  and  will  go  to  Alaska,  where  he  intends  to  occupy 
himself  in  gold  mining. 

Mr.  William  G.  Raoul,  late  President  ot  the  Central  Rail- 
road Company  of  Georgia,  is  to  be  President  of  the  Mexican 
National  Railroad  Company.  Mr.  Raoul  is  now  in  Mexico, 
inspecting  the  line  of  the  road. 

General  John  McNulta,  of  Bloomington,  111.,  has  been 
appointed  Receiver  of  the  Wabash  lines  east  of  the  Missis- 
sippi in  place  of  Judge  T.  M.  Cooley,  now  Chairman  of  the  In- 
terstate Commerce  Commission, 

Mr.  George  D.  Harris,  for  six  years  past  Master  Mechanic 
of  the  Richmond  cS:  Allegheny  Road,  has  resigned  that  office 
and  has  accepted  the  position  of  Superintendent  of  Motive 
Power  of  the  Mobile  &  Ohio  Railroad. 

Mr.  Levi  Hege  has  boen  appointed  General  Roadmaster 
of  the  Louisville  &  Nashville  Railroad,  with  office  In  Louisville, 
Ky.  He  has  been  for  some  time  Superintendent  of  the  South 
&  North  Alabama  Division  of  the  road, 

Mr.  Howard  Carlton,  Assistant  Master  Car-Builder  of  the 
Baltimore  &  Ohio,  with  headquarters  at  Newark,  O..  has  re- 
signed to  accept  the  position  of  General  Manager  of  the  South 
Baltimore  Car  Works,  dating  from  April  i. 

Commodore  Thomas  P.  McCann  has  been  appointed 
commandant  of  the  Boston  Navy  Yard  in  place  of  Rear  Ad- 
miral Lewis  I'.  Kimbcrly,  relieved.  Commodore  McCann  has 
been  for  some  time  on  the  Lighthouse  Board, 

Mr.  Stacey  B.  Opdyke  has  been  appointed  Assistant  Engi- 
neer of  the  New  York,  New  Haven  &  Hartford  Railroad,  with 
office  in  N'ew  Haven,  Conn.  He  was  recently  Superintend- 
ent of  the  New  Haven  &  Northampton  road. 

Mr.  James  C.  Clarke,  President  of  the  Illinois  Central 
Railroad  Company,  recently  tendered  his  resignation  on  ac- 
count of  ill  health.  The  Directors  would  not  accept  it,  and 
granted  Mr.  Clarke  six  months'  leave  of  absence. 

Rear  Admiral  Lewis  P.  Kimberly,  (having  been  pro- 
moted  from  the  rank  of  Commodore)  has  been  relieved  from 
duty  as  Commandant  of  the  Boston  Navy  Yard  and  ordered 
to  take  command  of  the  South  Pacific  Squadron. 

Mr.  William  E.  Rogers  has  been  nominated  by  Governor 
Hill  as  Railroad  Commissioner  of  New  York,  a  previous  nomina- 
tion having  been  withdrawn.  Mr.  Rogers  has  just  completed  one 
term  of  four  years  ;  he  is  a  civil  engineer  by  profession. 

Mr.  W.  T.  Small  has  been  appointed  Superintendent  of 
Motive  Power,  Machinery  and  Rolling  Stock  of  the  Northern 
Pacific  Railroad,  with  office  in  St.  Paul,  Minn,,  In  place  of  G. 
W.  Gushing,  resigned.  Mr.  Small  has  been  Mr.  Cushlng's 
assistant  for  some  time  past. 

Mr.  W.  A.  Scott  has  been  appointed  Superintendent  of 
the  Madison  Division  of  the  Chicago  &  Northwestern  road  in 
place  of  C.  .\.  Swineford,  resigned.  .Mr,  Scott  has  been  for 
some  time  .Assistant  Superintendent  of  Motive  Power  of  the 
road  :  he  is  President  of  the  Western   Railway  Club. 

Mr.  Isaac  V.  Baker,  Jr.,  has  been  nominated  by  Governor 
Hill  as  a  member  of  the  New  York  Railroad  Commission,  a 
previous  nomination  having  been  withdrawn.  Mr.  Baker  has 
been  for  some  time  State  Prison  Superintendent;  he  was  at 
one  time  with  the  Delaware  &  Hudson  Canal  Company, 

Mr.  Edward  A.  Moseley,  of  Newburyport,  Mass.,  has 
been  appointed  Secretary  of  the  Interstate  Commerce  Com- 
mission. Mr.  Moseley  is  a  member  of  the  Boston  lumber  firm 
of  Stetson,  Moseley  &  Co.,  and  was  last  year  president  of  the 
Mechanics'  Exchange  of  Boston.  He  is  at  present  a  member 
of  the  Massachusetts  Legislature. 

Mr.  Reuben  Wells  has  been  oflfered  and  has  accepted  the 
position   of    Superintendent    of    the    Rogers    Locomotive  & 
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Machine  works  at  Paterson,  N.  J.  Mr.  Wells  was  for  a  num- 
ber of  years  on  the  Jeffersonville,  Madison  &  Indianapolis 
road,  aiid  for  several  years  has  been  on  the  Louisville  &  Nash- 
ville as  Superintendent  of  Motive  Power.  lie  has  always 
been  an  .iciive  member  of  the  Master  Mechanics'  Association. 
Mr.  Wells  is  in  ever\  way  well  qualified  for  his  new  position. 
Mr.  George  W.  Gushing  has  resigned  his  position  as  Super- 
intendent of  Motive  Power,  Machinery  and  Rolling  Stock  of 
the  Northern  Pacific  Railroad.  Mr.  Gushing  has  had  wide 
experience  in  his  department,  and  stands  high  in  the  estimation 
of  his  superior  officers  and  his  many  friends  throughout  the 
country.  In  accepting  his  resignation,  \'ice-Presidcnt  Oakes 
says  :  ''  Mr.  Gushing's  long  and  successful  service  with  this 
company,  his  ripe  experience  and  good  judgment,  the  present 
eflSciency  of  his  department,  as  well  as  other  considerations, 
personal  and  official,  render  the  necessity  of  accepting  his 
resignation  one  of  extreme  regret.  He  will  carry  with  him  the 
esteem  of  his  official  associates,  attended  with  the  earnest 
hope  that  the  success  enjoyed  here  vpill  crown  his  efforts  in  any 
new  field  he  may  enter. 


NOTES   AND    NEWS. 

Harrisburg  Electric  Railroad. — .A  street  railroad  3'/z  miles 
in  length  is  to  be  built  from  Harrisburg  to  Steelton,  Pa.  It  is 
to  be  an  electric  road  on  the  \'an  Depoele  system,  like  the  line 
now  in  operation  in  Scranton. 

Electric  Railroad  at  Derby,  Conn. — A  company  has  been 
organized  to  build  an  electric  railroad  from  Derby,  Conn.,  to 
Birminifham  and  Ansonia.  The  road  will  be  built  on  the  Van 
Depoele  system,  and  will  be  3;,  miles  long. 

New  Steel  Ferry-Boats. — The  Columbia  Iron  Works  & 
Dry  Dock  Go.,  of  Baltimore,  is  building  two  steel  ferry-boats 
for  the  Staten  Island  Rapid  Transit  Company.  These  boats 
will  be  236  ft.  long,  and  will  have  all  the  latest  improvements. 

American  Engines  Abroad. — The  Westinghousc  Machine 
Company  has  recently  received  orders  for  two  engines,  35  and 
150  H.  P.,  for  a  rolling  mill  in  Moscow,  Russia;  two  of  25 
and  60  H.  P.,  for  Yokohama,  Japan,  and  one  of  150  H.  P., 
for  a  mining  company  in  Australia. 

Iron  Imports  into  Russia. — An  alternative  scheme  for 
gradually  abolishing  the  importation  of  iron  into  Russia  has 
been  submitted  to  the  Imperial  Council.  It  proposes  either 
to  gradually  prohibit  the  imports  of  iron,  or  gradually  in- 
crease the  duties  until  they  become  prohibitory. 

Geological  Surveys  in  the  Southwest. — In  Arkansas  and 
Texas  laws  have  recently  been  passed  providing  for  State  geo- 
logical surveys.  A  similar  measure  is  urged  for  Missouri.  In 
that  State  a  survey  was  ordered  about  40  years  ago,  but  was 
never  completed,  and  the  work  done  was  of  very  poor  quality. 

The  Nev7  Naval  Observatory. — Congress  has  made  an 
appropiation  of  $100,000  for  the  erection  of  a  new  naval  ob- 
servatory near  Washington.  The  entire  cost  is  limited  to 
1400,000.  Mr.  Hunt,  of  New  York,  has  been  selected  by  the 
Secretary  of  the  Navy  as  architect,  and  is  now  preparing  the 
plans. 

Ganals  in  Bengal. — There  are  now  in  the  province  of  Bengal, 
India,  in  actual  operation,  783  miles  of  canal.  Most  of  these 
canals  were  built  for  irrigating  purposes,  but  553  miles  are 
navigable,  and  were  used  last  year  by  no  less  than  241,951 
boats  and  rafts.  The  total  area  of  land  irrigated  from  the 
canals  last  year  was  455,087  acres. 

A  Large  Coasting  Vessel. — The  four-masted  schooner  T. 
A.  Lambert  recently  sailed  from  Bath,  Me.,  on  herfirst  voyage. 
The  Lamliert  is  said  to  be  the  largest  vessel  of  her  class  ever 
built.  She  is  247  ft.  long,  46  ft.  beam  and  22  ft.  depth  of  hold  ; 
the  registered  tonnage  is  I,b20,  and  the  carrying  capacity  2,- 
700  tons  of  coal.     The  vessel  will  carry  coal  from  Baltimore  to 

Abandoning  a  Canal.— The  Philadelphia  &  Reading  Rail- 
road Company,  which  leases  and  works  the  Schuylkill  Canal, 
has  decided  to  abandon  the  use  of  the  canal  altogether,  claim- 
ing that  coal  can  be  carried  more  cheaply  by  rail.  The  bond- 
holders of  the  canal  will,  however,  foreclose  their  mortgage, 
and  announce  that  they   will    keep  the  canal    open  after  they 


Allen  Paper  Car  Wheel  Company.— On  April  i  the 
general  offices  of  this  company  were  removed  from  New  York 
to  Chicago.  The  company  retains  a  branch  office  in  New  York, 
which  is,  from  May  i,  at  Nos.  31  and  33  Broadway,  and  is  in 
charge  of  the  Vice-President,  Mr.  J.  C.  Beach.  '  This  New 
York  office  will  also  be  the  headquarters  of  Mr.  L.  F.  Tracy, 
Eastern  agent  of  the  company. 


Scrantun  Electric  Railroad. — The  Scranton  Suburban 
street  railroad,  which  is  an  electric  road  built  by  the  Van  De- 
poele Electric  Manufacturing  Company,  w.is  opened  November 
I  last.  Under  the  contract,  it  was  operated  by  the  builders 
until  April  I.  At  that  lime,  its  working  having  proved  satis- 
factory in  all  respects,  it  was  formally  accepted  by  the  com- 
pany.'   U  is  proposed  to  build  an  extension  of  the  line. 

Belgian  Iron  and  Steel  Production.— The  pig  iron  made 
in  Belgium  in  1SS6  was  697,110  tons,  a  slight  decrease  from 
1SS5.  The  total  output  of  manufactured  iron  last  year  was 
470,022  tons.  The  steel  made  was  :  Cast-steel  (ingots,  etc.), 
139,215;  forged  steel  (rails,  plates,  etc.),  129,418;  total,  268,633 
tons. 

The  coal  mined  in  Belgium  last  year  was  17,253,144  tons. 

The  Naval  Ordnance  Shops. — Plans  for  the  ordnance 
shops  at  the  Washington  Navy  Yard  have  been  prepared  by 
the  board  of  officers  and  submitted  to  the  Secretary  of  the 
Navy. 

By  these  plans  the  shops  will,  in  a  short  time,  be  ready  to 
handle  guns  up  to  6-in.  bore,  but  it  will  require  two  years  to 
procure  the  necessary  plant  for  handling  and  fitting  very  large 
guns. 

Union  Bridge  Company. — The  partnership  heretofore  ex- 
isting under  the  title  ot  the  Union  Bridge  Company  expired 
by  limitation  on  March  i,  last.  At  the  same  time  a  new  part- 
nership, under  the  old  name,  was  formed  by  C.  S.  Maurice, 
George  S.  Field,  Charles  Macdonald  and  Edmund  Hayes. 
These  gentlemen  were  all  in  the  old  firm.  Messrs.  Charles 
Kellogg  and  Thomas  G.  Clarke,  of  the  old  firm,  do  not  join 
in  the  new  one. 

Car  Heating  and  Lighting. — The  Boston  iS;  Albany  Com- 
pany now  has  a  train  running  on  the  New  York-Boston  through 
line'which  is  heated  by  steam  from  the  locomotive,  the  Martin 
anti-fire  heating  system  being  used.  This  train  is  lighted  by 
electricity,  the  Julien  storage  battery  system  being  used. 

The  Fitchburg  Railroad  Company  has  equipped  a  train  with 
the  Sevvall  system  of  heating  by  steam  from  the  locomotive. 
This  train  is  now  in  regular  service. 

Russian  Locomotive  Works. — The  Russian  Government 
has  sanctioned  an  increase  to  the  capital  of  the  Kolomna 
Locomotive  Works  of  11750,000,  to  be  expended  in  adding  to 
the  plant  and  developing  the  resources  nf  the  establishment. 
It  was  recently  stated  that  large  orders  for  locomotives  had 
been  given  to  the  works  for  locomotives  for  the  South  and 
Southeast  Russian  railways.  The  head  of  the  establishment 
is  General  Struve,  the  eminent  shipbuilder. 

Car  Lamp  Patent  Suit  Ended.— The  patent  suit  brought 
a  number  of  years  ago  by  Messrs.  Hicks  &  Smith  against  the 
Chicago,  Milwaukee  &  St.  Paul  Railroad  Company,  the  Day- 
ton Manufacturing  Company  and  others  for  alleged  infringe- 
ment of  the  Hicks  &  Smith  patents  on  car  lamps,  has  finally 
been  dismissed.  A  satisfactory  settlement  of  the  controversy 
has  been  agreed  upon  and  a  license  has  been  given  to  the 
Dayton  Manufacturing  Company  to  use  the  Hicks  &  Smith 
patents. 

Proposed  Mining  Tunnel. — It  is  proposed  to  build  a  min- 
ing tunnel  or  adit  to  drain  the  gold  mines  at  Nevada  City  and 
Grass  Valley,  Cal.,  which  yield  a  steady  amount  of  moderately 
rich  ore,  but  have  now  reached  a  depth' at  which  the  cost  of 
pumping  is  heavy.  The  tunnel  will  be  about  12  miles  longand 
will  enter  the  mines  at  from  1,200  to  1,300  ft.  below  the  sur- 
face. In  building  the  tunnel,  it  is  proposed  to  use  compressed 
air,  the  compressors  to  be  worked  by  the  water  power  of  the 
Yuba  River. 

Block  Signals  on  the  Erie.— The  Union  Switch  &  Signal 
Company  has  taken  a  contract  to  equip  the  Eastern  Divi- 
sion of  'the  New  York,  Lake  Erie  &  Western  road  with  a 
system  of  block  signals  and  interlocking  switches.  The  sys- 
tem will  extend  from  Jersey  City  to  Turners,  miles,  and  in  that 
distance  there  will  be  27  towers  or  signal  stations  and  10  points 
at  which  there  will  be  a  complete  system  of  interlocking 
switches.  The  work  will  cost  about  !f;6o,ooo,  and  will  be  fin- 
ished in  June. 

"  Cabarets."— The  Xational  Car-Builder s&ys  :  "  The  Pitts- 
burgh, Cincinnati  &  St.  Louis  Railroad  is  noted  for  the  con- 
venience and  ingenuity  of  its  'gabarets.'  Superintendent  of 
Motive  Power  Wall  invented  the  name  and  helped  Engineer 
Harrington  to  design  the  article.  It  is  used  for  measuring  the 
height  and  breadth  of  cars  and  their  loads.  When  Mr.  Har- 
rington first  received  orders  to  make  a  drawing  of  a  gabaret, 
he  thought  the  thing  was'connectedin  some  way  with  jaw,  and 
he  was  not  very  far  out." 

Locomotive  for  Suburban  Service.— The  Rhode  Island 
Locomotive  Works  in    Providence    recently  delivered   to  the 
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Boston  &  Providence  road  a  locomotive  of  the  Forney  pat- 
tern, intended  for  service  on  the  suburban  trains  out  of  Boston. 
The  engine  has  17X24  in.  cylinders  and  four  drivers  56^  in. 
diameter.  The  boiler  is  aS  in.  diameter  of  barrel  and  has  156 
tubes  10  (t.  6)4  in.  long.  The  weight  is  112,400  lbs.,  of  which 
63,700  ll's.  are  on  the  drivers,  and  40,700  lbs.  on  the  truck. 
The  truck,  under  the  tank,  has  six  Krupp  steel  wheel.s. 

Pennsylvania  Railroad  Improvements. — The  Pennsylva- 
ni.-i  Railroad  Company  is  making  many  improvements  at  Har- 
risburg,  I'a.  The  main  line  is  to  be  changed  to  the  old  canal 
bed,  thus  avoiding  a  number  of  street  crossings.  The  freight 
yard  is  to  be  enlarged  so  that  freight  trains  will  not  have  to  use 
the  passenger  tracks.  The  foundations  have  been  laid  for  a 
new  passenger  station. 

The  length  of  sidings  at  many  points  between  Harrisburg 
and  Altoona  is  to  be  increased  and  some  new  sidings  built. 

Blast  Furnace  for  Cuban  Ore.— The  Pennsylvania  Steel 
Company  has  bought  a  tract  of  600  acres  of  land  at  Sparrow's 
Point,  nine  miles  ironi  Baltimore.  This  tract  has  a  fine  water 
front  and  will  be  cimnected  with  the  Northern  Central  Rail- 
road by  spur  tracks.  At  this  place  the  Company  will  build  two 
blast  furnaces  for  the  purpose  of  making  pig-iron  from  the  ores 
brought  from  the  mines  at  Juragua,  Cuba,  which  are  owned 
jointly  by  this  company  and  the  Bethlehem  Iron  Company. 
The  ore  will  be  delivered  from  vessels,  and  the  pig. iron  will 
be  shipped  directly  to  Steelton  by  lail. 

Sandberg's  Goliath  Rails.— The  /otiriia/  dn  Z/.'^v  mentions 
that  recently  Messrs.  Cockerill  commenced  to  roll  Mr.  Sand- 
berg's "  Goliath  "  steel  rails  of  50  kilos,  per  meter,  or  100  lbs. 
per  yard,  for  the  Belgian  State  Railways.  The  rails  are  rolled 
from  ingots  weighing  nearly  a  ton,  making  two  rails  of  nearly 
30  ft.  in  length.  The  fastenings  and  joints  proposed  by  M. 
Flamache  arc  being  m.ide  at  the  same  train  of  rolls.  Tests 
are  being  made  to  prove  the  strength  of  the  rails,  some  of 
which  are  to  be  put  down  at  once  on  the  trunk  lines  between 
Lifege  and  Verviers,  and  the   Plateau.x  de  Herve  line. 

A  New  Steam  Engine.— Herr  Wilhelm  Schmidt,  of 
Braunschweig,  is  the  inventor  of  a  new  type  of  steam  engine, 
working  with  very  high  steam  pressure.  The  steam,  before 
being  admitted  to  the  cylinder,  is  reduced  in  pressure  and  in- 
creased in  volume  by  means  of  an  injector  where  the  steam 
from  the  boiler  mixes  with  a  portion  of  the  exhaust  steam.  An 
experimental  engine  of  some  40  H.  P.  has  been  at  work  for 
some  time,  with  satisfactory  results,  and  a  marine  engine  on 
this  principle  is  now  being  built  by  Messrs.  Blohm  &  Voss, 
in  Hamburg,  who  have  the  exclusive  licence  for  this  system  as 
applied  to  marine  engines. 

Electric  Train  Signals. — The  Judkins  electric  train  signal, 
which  is  in  use  on  several  New  England  rpads,  has  heretofore 
derived  its  power  from  a  battery  carried  on  the  train.  A  new 
plan  is  to  be  used  hereafter,  a  compact  little  dynamo  run  by  a 
small  engine,  which  takes  steam  from  the  locomotive  boiler. 
The  arrangement  is  so  very  compact  that  the  engine  and  dy- 
namo together  take  up  a  space  only  8  in.  long,  6  in.  wide,  and 
10  in.  high.  It  is  to  be  placed  in  the  cab.  As  only  10  lbs. 
pressure  is  required  to  run  the  engine,  the  amount  of  steam 
required  will  be  very  small.  Trains  on  the  Olil  Colony  Rail- 
road are  to  be  equipped  with  this  device. 

Iron  Making  in  Nev7  England. — The  Gosnold  Mills,  at 
New  Bedford,  Mass.,  have  closed  down  permanently.  They 
have  been  in  operation  since  1856  in  the  manufacture  of  rolled 
iron,  chains  and  small  cut  nails.  The  Boston  Herald  says 
that  "the  directors  have  made  up  their  minds  that  it  is  of  no 
use  for  New  England,  where  the  fuel  to  work  a  ton  of  iron 
costs  $4,  to  attempt  to  compete  with  districts  where  natural 
gas  costs  only  60  cents  in  the  manufacture  of  staple  iron  goods. 
The  machinery  will  probably  be  disposed  of  where  it  can  be 
used  to  advantage,  and  the  buildings,  which  are  not  adapted 
to  any  other  purpose,  will  be  taken  down." 

Nev7  Vessels  for  the  Navy.— The  Secretary  of  the  Navy 
has  advertised  for  proposals  for  building  five  new  vessels  for 
the  Navy.  They  are  the  Xewark,  the  appropriation  for  which 
was  increased  by  the  act  of  March  3,  '87,  from  .|l,  100,000  to 
$1,300,000,  the  two  4,000-ton  crisers  to  h.ive  a  speed  of  19 
knots,  and  the  two  gunboats  of  the  type  of  gunboat  No.  I, 
authorized  by  the  same  act.  The  plans  and  specifications  for 
the  Newark  are  about  complete.  Those  for  the  two  gunboats 
are  nearly  ready,  but  those  for  the  two  cruisers  are  in  a  less 
advanced  condition.  The  advertisement  states  that  they  will 
be  ready  by  June  I. 

Transparency  of  Molten  Iron.— Mr.  Wm.  Ramsay  writes 
to  the  London  Chemical  News  as  follows  :  "  Some  days  ago  I 
was  present  when  a  casting  was  made  involving  the  pouring  of 
several  tons  of  molten  cast-iron.     The  stream  was  very  regu- 


lar, and  resembled  a  great  waterfall.  It  was  possible  10  sec 
objects  through  the  molten  metal,  which  appeared  to  be  of  a 
yellowish  color,  but  tolerably  transparent.  Two  gentlemen 
who  were  present  were  also  convinced  of  the  transjiarency  of 
the  metal.  May  1  ask,  through  your  columns,  the  opinion  of 
those  who  have  frequent  opportunities  of  being  present  during 
the  operation  of  casting,  regarding  this  seeming  transpa'ency." 

Wear  of  Rails  in  India. — Indian  Engineering  S3.ys:  "We 
are  informed  that  the  42-lbs.  steel  rail  on  the  South  Indian 
meter-gauge  line  are  so  badly  worn  as  to  need  very  extensive 
renewals,  and  are  to  be  replaced  by  rails  of  50  lbs.  The  42-lbs. 
rails  are  only  10  years  old.  On  the  other  hand,  there  has  been 
practically  no  wear  in  the  75-lbs.  steel  rails  used  on  the  Madras 
broad-gauge  line,  although  some  of  them  are  15  and  20  years 
old.  In  connection  with  this  subject  we  may  observe  that 
speed  musl  be  an  element  in  the  wear  of  rails  when  it  exceeds 
say  15  miles  an  hour  ;  but  it  is  a  mistake  to  suppose  that  a 
line  with  steep  gradients  can  be  worked  as  economically  in  this 
respect  as  a  level  one." 

Wooden  Outlet  Sewer. — Mr.  Horace  Loomis,  Engineer 
of  Sewers,  New  York  City,  is  now  building  at  Pier  29,  East 
River,  an  outlet  sewer  of  creosoted  yellow  pine.  The  sewer 
is  circular,  4  ft.  in  diameter  and  541  ft.  long.  The  staves  are 
4  inches  thick,  placed  radially,  and  are  secured  by  galvanized 
iron  hoops  3  X  Js  i"-.  tightened  by  two  bolts  passing  through 
shoulders  on  the  semi-hoops.  The  hoops  are  spaced  about  4 
ft.  apart,  and  the  sections  of  the  sewer  butt  squarely,  the 
joint  being  covered  by  an  8  X  ^  in.  hoop.  This  sewer  is 
supported  upon  caps  bolted  to  the  piles  of  the  wharf  previously 
in  place,  the  joints  of  abutting  sections  being  made  to  rest 
upon  these  caps. — Engineering  jVe-ws. 

A  New  Fuel. — Mr.  Sahlstrom,  of  the  Normal  Company, 
Aberdeen  (Scotland),  has,  after  a  long  series  of  experiments, 
discovered  a  new  fuel,  which  is  said  to  be  an  efficient  and  eco- 
nomical substitute  for  coal,  as  regards  steam  boiler  furnaces. 
The  basis  of  the  new  fuel  is  pitch  oil,  which  is  used  in  com- 
bination with  superheated  steam.  The  invention  has  been  in 
practical  use  at  the  Normal  Company's  works  for  some  time, 
and  although  the  boiler  furnace  was  not  specially  constructed 
for  the  new  fuel,  satisfactory  results  have  been  obtained,  a 
saving  of  nearly  30  per  cent,  in  the  cost  of  fuel  having  been 
effected.  We  purpose  giving  in  an  early  issue  further  details 
of  this  fuel,  and  the  method  of  working  adopted. 

South  American  Geography. — The  French  Hydrograph- 
ical  office  has  published  a  ma|)  of  the  Cape  Horn  Archipe- 
lags  and  the  Beagle  Channel,  from  the  surveys  made  by  the 
steamer  La  Romanche  during  the  years  1882  and  1SS3,  when 
a  polar  station,  according  to  the  international  plan,  was  estab- 
lished in  Orange  Bay.  The  map  contains  many  important 
corrections  of  the  coast  line. 

The  Instituto  Geographico  Argentino  has  issued  the  first 
sheets  of  the  Alias  de  la  Kepuhliea  Argentina,  edited  by  Dr.  A. 
Seelstrang.  The  basis  of  the  atlas  and  the  surveys  of  the  land 
office,  the  railroads  and  the  boundary  commissions.  It  will  con- 
sist of  30  sheets,  each  province  being  represented  on  a  scale 
of  I  :  1,000,000. — Science. 

Photographing  the  Sky. — Science  says  :  '  Ensign  Winter- 
halter,  of  the  U.  S.  Xaval  Observatory,  has  sailed  for  Paris  to 
represent  the  Observatory  at  the  conference  called  by  Admiral 
Mouchez,  Director  of  the  Paris  Observatory,  for  the  purpose 
of  forming  a  plan  of  co-operation  in  photographing  the  whole 
sky.  The  proposition  is  to  enlist  10  or  12  observatories  in  the 
undertaking,  and  to  obtain  instruments  of  uniform  power,  so 
that  their  work  may  be  homogeneous.  If  the  suggestion  that 
each  plate  shall  be  four  degrees  square  be  adopted,  about  11,- 
000  plates  will  be  required  ;  and,  with  an  average  of  100  plates 
per  year  from  11  observatories,  it  will  take  10  years  to  com- 
plete the  map.  It  is  understood  that  Dr.  Peters,  of  Clinton, 
N.  Y.,  and  Mr.  Rutherford,  of  New  York,  will  also  attend  the 
conference." 

Baltimore  &  Ohio  Technical  School. — The  success  of  the 
plan  for  giving  technical  instruction  to  the  apprentices  of  the 
Mt.  Clare  shops  of  the  Baltimore  &  Ohio  Railroad  has  been 
so  encouraging,  that  the  directors  of  the  company,  at  a  recent 
meeting,  authorized  the  establishment  of  a  permanent  technical 
school  in  connection  with  the  Mt.  Clare  works.  The  organiza- 
tion of  this  school  is  to  be  such  "  as  will,  on  a  permanent  and 
well-considered  plan  afford  those  entering  its  service  a  liberal 
education  in  mechanics,  engineering,  drawing,  chemistry  and 
the  applied  sciences,  and  give  the  service  the  benefit  of  scien- 
tific research    and    invention   as  applied  to   railroad  matters." 

For  the  support  of  the  school  the  directors  voted  i^Zf.ooo  for 
the  current  year,  and  fixed  §20,000  yearly  as  the  regular  ap- 
propriation  hereafter. 
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Sugar  for  Boiler  Incrustations.— Accordinfc  to  M.  Polio, 
the  weekly  addition  of  about  4|;  lbs.  of  sugar  to  the  feed  water 
of  a  tubular  boiler  with  126  tubes  prevented  the  formation  of 
incrustations  and  even  detached  old  deposits  from  the  tubes, 
when,  before  the  sugar  was  used,  the  boiler  had  to  be  cleaned 
out  after  45  days  of  work.  The  tShfiiiiker  Zciliing,  which  pub- 
lishes this  statement,  says,  however,  that  it  should  be  noted 
that  su.itar.  at  a  temperature  corresponding  to  a  pressuie  of 
four  or  five  atmospheres,  gives  place  rapidly  to  the  formation 
of  acids,  especially  formic  acid,  and  that  these  acids  will  cor- 
rode the  boiler  shell  rapidly.  It  will  therefore  be  necessary  to 
be  careful  in  the  introduction  of  sugar  for  the  purpose  of  pre- 
venting incrustation,  and  to  make  further  investigations  be- 
fore admitting  its  value  for  this  purpose. 

An  Old  Forge.— The  Bii/lelin  of  the  American  Iron  and 
Steel  Association  says:  "Manic  For^e,  on  Pequea  Creek, 
near  the  village  of  Colemanville,  in  Lancaster  County,  Pa., 
has  at  last  been  abandoned.  Mr.  Robert  S.  Potts,  surviving  part- 
ner of  the  firm  of  Davies  &  Potts,  which  owned  the  forge  for 
many  years,  died  in  June,  18S6.  at  a  good  old  age,  and  the 
forge  has  since  been  idle.  The  property  is  for  sale,  but  there 
is  no  expectation  that  iron  will  ever  again  be  made  at  Martic 
with  a  tilt-hammer.  The  forge  is  one  of  the  oldest  in  the 
country,  having  been  built  in  1755.  Negro  slaves  were  em- 
ployed from  the  beginning  in  hammering  iron  at  this  forge, 
and  it  is  a  curious  fact  that  negroes  continued  to  be  the  prin- 
cipal workmen  down  to  its  abandonment  last  year.  A  long 
row  of  stone  houses  is  still  occupied  by  them." 

Car  Heating  by  Steam.— .A  trip  was  recently  made  over 
the  Maine  Central  Railroad  with  a  train  of  I2  cars  heated  on 
the  Sewall  plan.  This  is  the  longest  train  yet  tried  on  that 
system,  and  the  trip  was  very  successful.  Although  the  day 
was  cold  and  windy,  the  cars  were  kept  at  70"  to  So,  and  no 
difficulty  was  found  with   the  engine. 

The  Pennsylvania  Railroad  Company  has  been  for  some 
time  trying  a  system  of  sleam  heating  on  a  local  train  on  the 
New  York  Division.  The  results  have  been  so  good  that,  it 
is  stated,  the  use  of  this  system  will  be  e.xtended. 

All  the  trains  on  the  Providence,  Warren  &  Bristol  road  are 
to  be  equipped  with  the  Gold  system  of  steam  heating.  Mr. 
Waterman  Stone,  Superintendant  of  the  road,  had  one  train 
equipped  with  the  Gold  system  some  time  ago,  and  has  found 
its  operation  very  satisfactoiy. 

Accidents  to  Employes  in  Massachusetts. — The  Massa- 
chusetts Commission  report  for  iSSO,  says,  of  the  accidents  on 
the  railroads  of  the  State:  "Of  the  274  casualties  to  em- 
ployes, 63  were  fatal  and  211  not  fatal;  213  were  trainmen 
and  61  were  employed  in  other  capacities.  Bv  coupling  or 
uncoupling  cars,  2  were  killed  and  105  were  injured.  Only 
one  accident  is  reported  as  occurring  where  an  automatic  coup- 
ler was  used.  In  that  case  a  damaged  United  States  coupler 
connected  with  an  ordinary  link  and-pin  drawbar.  Two  train- 
men were  killed  and  6  were  injured  by  overhead  bridges. 
Train  accidents  killed  S  and  injured  18.  The  most  fatal  class 
of  accidents  to  trainmen  is  falling  from  trains  in  motion,  17 
persons  having  been  killed  and  3S  injured  in  this  way,  most  of 
them  severely.  By  various  other  accidents  34  were  fatally, 
and  44  not  fatallv.  injured." 

Railroad  Accidents  in  Connecticut. — The  report  of  the 
Connecticut  Railroad  Commissioner  for  1SS6  gives  the  number 
of  persons  killed  and  injured  during  the  year  on  the  railroads 
of  the  State  as  follows  : 

Killed.    Injured. 

Passengers 5  37 

Emf-loy^s 25  142 

-At  highway  crossings g  3 

Trespassers  55  47 

Total u4  :ji 

Of  the  167  employes  killed  or  hurt  60  received  their  in- 
juries in  coupling  cars,  27  by  falling  from  trains,  and  the 
remaining  So  were  hurt  in  various  other  ways. 

Nearly  all  of  the  persons  classed  as  trespassers  were 
killed  or  injured  while  walking  on  the  tracks. 

Iron  Ore  in  the  Bottom  of  a  Lake. — Something  new  in 
the  way  of  e.xploration  has  been  tried  during  the  past  winter 
at  the  Cleveland  mine,  at  Ishpeming,  Mich.  The  extreme  cold 
formed  2Ufeet  of  ice  i.n  the  surface  of  Lake  Angeline,  when 
a  diamond  drill  was  taken  out  upon  it  and  several  holes  bored 
in  the  bottom  of  the  lake,  which  resulted  in  finding  an  ex- 
tension of  the  Lake  Superior  hematite  running  along  on  its 
north  shore.  The  lake  is  surrounded  on  all  sides  but  the 
west  by  high  precipitous  bluffs  of  diorite  and  mixed  ores. 
Along  Its  south  shore  is  the  Lake  .'\ngeline  Mine  ;  very  near 
the  northwest  end  is  the  Superior  Hematite  Mine,  and  the  basin 
of  the  lake  was  always  supposed  to  contain  large  quantities  of 


iron  ore.  The  drill  holes  now  put  down  show  that  supposition 
to  be  correct.  Probably  no  one  ever  before  took  a  diamond 
drill  on  the  ice  to  explore  the  bottom  of  a  lake. 

Bridges  in  Indian. — Iniiian  Engineering  ■ia^'j^ -.  "  This  year 
will  be  marked  by  engineers  in  Indiaasthe  '  great  bridge  year.' 
Of  the  many  Important  bridges  now  under  construction  and 
approaching  completion  the  following  are  noteworthy  as  show- 
ing the  magnitude  of  such  work  In  India:  a  bridge  over  the 
Sutlej,  on  the  Ferozepore  Railroad,  with  27  spans  of  150  ft. 
each  ;  one  over  the  Jumna  at  Kalpee,  on  the  Indian  .Midland 
Railroad,  with  10  spans  of  200  ft.  each  ;  one  over  the  Jhelum, 
on  the  SInd-Sarya  Railroad,  with  17  spans  of  250  ft.  each  ; 
one  over  the  Gunduck,  to  connect  the  Tirhoot  system  with  the 
Bengal  &  Northwestern  Railroad,  with  8  spans  of  250  ft.  each  ; 
one  over  the  Ganges  at  Benares,  on  the  Oudh-Rohilkund 
Railroad,  with  7  spans  of  356  ft.  and  g  spans  of  115  ft. 
each  ;  and  another  over  the  same  river  at  Balawala,  with  n 
spans  of  256  ft.  each  :  another  is  that  over  the  Indus  at  Suk- 
kur  now  waiting  the  arrival  of  the  iron-work  for  a  span  of  790 
ft." 

Baltimore  &  Ohio  Employes'  Relief  Association— Pay- 
ments in  this  .Association  for  February  were: 

Number.     Amount. 

.Accidental  deaths. n  $11,500 

Accidental  injuries ....  271  ^,512 

Natural  deaths 8  4,300 

Natural  sickness 471  7,008 

Physicians' bills 265  1,233 

Total r^b  $27,5^ 

The  total  payments  from  May  i,  1880,  to  February  28,  18S7, 
were  $1,332,748. 

Jhe  following  elections  are  announced  :  Members  of  Com- 
mittee of  Management,  A.  J.  Cromwell,  .\rthur  Sinsel,  E.  L. 
Welsgerber,  F.  H.  Britton,  Thomas  Griffin.  Trustees  Savings 
Fund  and  Building  Feature,  Thomas  Fitzgerald,  E.  L.  Welsger- 
ber. 

A  Convict  Dynamo. — 'Vhft  EUcirical  H'or!dsa.ys:  "The  utili- 
zation of  prison  labor  as  a  motive  force  in  connection  with  the 
electric  light  has  been  much  talked  about  of  late,  in  England, 
and  it  is  generally  admitted  by  political  economists  there  that 
criminals  might  bebetter  employed  than  in  grinding  the  wind. 
A  great  deal  of  power  which  could  be  turned  to  excellent  ac- 
count is  undoubtedly  wasted,  and  the  use  o(  the  crank  as  a 
mere  punishment  in  many  London  jails  has  often  been  con- 
demned. The  main  objection  to  prison  labor  as  a  motive 
force  seems  to  be  that  it  is  Intermittent  In  character.  But,  then, 
it  is  urged  that  relays  of  prisoners  might  be  arranged  for  and 
a  continuous  supply  of  force  secured.  There  are  three  shifts 
in  24  hours  in  many  collieries,  and  always  two  ;  there  are  three 
watches  on  board  ship,  and  the  advocates  of  the  system  con- 
tend that  some  such  plan  might  be  brought  Into  operation  with 
a  view  to  secure  a  continuous  motive  power  for  the  production 
of  electricity  and  many  other  purposes." 

Crossing  Accidents  in  Massachusetts.— The  Massachu- 
setts Commission  report  for  1SS6  says  :  "At  grade  crossings, 
with  gates  or  flagmen  for  the  protection  of  travellers  on  the 
highway,  there  were  15  casualties,  and  at  crossings  without 
gates  or  flagmen,  20.  Twenty-two  persons  were  killed  and  13 
were  injured.  The  greatest  number  of  casualties  of  this  class 
on  any  one  road  occurred  at  crossings  having  gates  or  flagmen, 
but  the  most  serious  accident  happened  about  g  o'clock  in  the 
evening  at  a  crossing  where  the  gate-tender  had  left  his  post, 
according  to  his  usual  practice,  at  8  o'clock,  and  the  cross- 
ing was  unguarded.  The  number  of  these  accidents  is  more 
than  20  per  cent,  less  than  last  year. 

"  The  number  of  trespassers  killed  and  injured  was  7  more 
than  last  year,  130  of  whom  were  injured  when  walking  or 
lying  on  the  track,  and  2g  when  stealing  or  attempting  to  steal 
a  ride  on  freight  cars.  The  number  killed  was  gi,  being  two 
less  than  last  year,  The  number  of  this  class  of  victims  of 
their  own  folly  varies  less  from  year  to  year  than  other  cas- 
ualties." 

New  Bridges. — After  considerable  litigation  and  trouble, 
the  Utica,  Clinton  &  Binghamton  Company  has  secured  the 
right  to  construct  a  bridge  across  the  tracks'  of  the  New  York 
Central  and  the  Delaware,  Lackawanna  &  Western  at  Utica, 
N.  Y.,  to  connect  its  road  with  the  Utica  &  Black  River  directly 
without  transfer.  This  work  will  consist  of  1,000  ft.  of  em- 
bankment, 4  lattice  bridge-spans  of  100  ft.  each,  150  ft.  of  tim- 
ber trestle,  and  six  large  piers  and  abutments,  and  30  pedestals 
of  masonry  to  support  350  ft.  of  iron  viaduct.  The  masorry 
for  this  work  will  be  constructed  bv  J.  J.  Campbell,  of  Low', 
ville,  N.  Y.,  and  the  Rochester  Bri'dge  Works  will  construct 
the  iron  work. 

•Anew   Iron  lattice   bridge   150  ft.   span,  with   provisions  for 
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second  track,  has  just  been  completed  on  the  Troy  &  Boston 
at  Pownal,  Vt.,  by  the  Rochester  Bridge  Works,  under  the 
superintendence  of   Prof.    P.    C.  Ricketts,  of  the    Rensselaer 

Polytechnic  Institute.  This  is  the  second  large  iron  bridge 
built  by  the  Troy  &  Boston  during  the  past  year. 

Spanish  Iron  Ore. — The  London  Engineering  s&ys  :  "The 
exports  of  iron  ore  from  Bilbao  last  year  amounted  to  3,160, 
047  tons,  as  compared  with  3,295,982  tons  in  1S85,  and  3.155, 
432  tons  in  1SS4.  In  these  totals  the  shipments  to  Great 
Britain  figured  for  2,151.137  tons  in  1SS6  ;  2,05o,iS5  tons  in 
1S85  ;  and  i,ggo,gg3  tons  in  1SS4.  The  Low  Countries  took 
534,687  tons  in  1886,  as  compared  with  653, gig  tons  in  1SS5  ; 
and  601,414  tons  in  18S4,  while  France  took  332,103  tons  in 
1886,  as  compared  with  491,085  tons  in  1SS5,  and  458,225  tons 
in  18S4.  It  is  noticeable  that  a  commencement  has  been  made 
with  deliveries  to  the  United  States,  42,337  tons  having  been 
forwarded  to  the  great  transatlantic  republic  in  1SS6,  as  com- 
pared with  7,304  tons  in  1SS5,  and  2,259  tons  in  1SS4.  It  will 
be  observed  that  the  shipments  to  Great  Britain  are  increas- 
ing rather  than  otherwise,  and  that  they  amounted  in  1S86  to 
68.04  per  cent,  of  the  whole  exports  of  the  year.  The  propor- 
tion of  the  exports  to  Holland  last  year  was  16.60  per  cent., 
and  that  of  those  to  France,  10.52  per  cent.,  leaving  only  4.S4 
per  cent,  to  represent  the  shipments  in  all  other  directions." 

A  New  Torpedo  Boat. — For  some  time  past  the  various 
naval  aurthorities,  both  English  and  foreign,  have  been  look- 
ing forward  with  interest  to  the  completion  and  trial  of  a 
couple  of  torpedo  boats  that  Messrs.  Yarrow  and  Co.  have 
been  constructing  for  the  Italian  Government.  These  craft  are 
140  ft.  long  on  the  water-line,  by  14  ft.  beam,  and  are  fitted 
with  twin  screws.  They  have  two  loco-marine  boilers  of  the 
usual  torpedo-boat  type  made  by  this  firm.  These  are  placed 
one  forward  and  one  aft  of  the  engine-room.  The  arrange- 
ment is  such  that  the  boilers  and  engines  can  be  worked  in- 
dependently of  each  other,  or  either  boiler  can  supply  either  or 
both  engines  with  steam  ;  so  that  as  long  as  one  boiler  and  one 
engine,  no  matter  which,  remained  uninjured,  the  vessel  can 
be  manoeuvred.  The  first  of  these  boats  was  recently  launched, 
and  made  her  official  trial  last  week.  The  following  is  the 
mean  of  six  runs  on  the  measured  mile  :  Steam  pressure,  130 
lbs  ;  vacuum,  26^  lbs.;  revolutions,  372  ;  speed,  24.g6  miles. 
The  lowest  speed  of  the  six  runs  was  22.36  ;  the  highest,  22. 6g. 
The  displacement  was  about  too  tons,  and  the  indicated  H.  P. 
is  said  to  have  exceeded  1,600. — Eii^iiieeriii,;. 

English  and  American  Iron  Production. — Iron  says  : 
"  While  last  year  we  in  this  country  have  had  to  be  con- 
tented with  very  modest  morsels  of  comfort,  our  cousins  across 
the  Atlantic  have  been  enjoying  extremely  prosperous  times. 
The  production  of  pig-iron  in  America,  which  was  3,200.000 
tons  less  than  of  Great  Britain  in  18S5.  came  within  1,200,000 
tons  of  it  last  year,  2,000,000  tons  having  therefore  been 
wiped  off  in  the  one  year  ;  for  while  our  production  decreased 
by  37g.gg2  tons,  that  of  the  I'nited  .States  increased  by  1,640,- 
017  tons.  But  if  one  derives  consolation  from  the  misfortunes 
of  friends,  it  is  reassuring  to  know  that  this  country  was  not 
in  such  a  bad  plight  as  Germany,  where  the  output  of  pig-iron 
declined  last  year  by  411,972  tons,  .\lthough  we  still  main- 
tain our  lead  so  far  as  pig-iron  is  concerned,  the  I'nited  States 
outstrips  us  in  respect  of  steel.  The  production  there  of  Bes- 
semer steel  last  year  amounted  to  2,26g,ooo  tons,  against 
1,570,000  tons  in  this  country  ;  but  our  superior  production  of 
open-hearth  steel  somewhat  reduced  the  gap  between  the  two, 
making  the  total  production  of  steel  in  the  United  Kingdom 
2,264,000  tons,  against  a   total   in  America  of  2, 4-^'>. 000  tons." 

A  New  Zealand  Dredge. — A  dredge,  built  bv  Messrs. 
Kincaid,  M'Queen  &  Co.,  Dunedin,  for  the  Bluff  Harbor 
Board,  was  recently  launched,  and  named  the  Alpha.  The 
material  used  in  the  construction  of  the  Alpha  was,  of  course, 
imported.  She  is  built  entirely  of  mild  steel,  and  her  dimen- 
sions are  :  Length  50  ft.,  over  all;  breadth  of  beam,  15  ft.  ; 
depth  of  hold,  6  ft.  6  in,  She  is  capable  of  raising  75  tons  of 
spoil  per  hour  at  a  depth  of  18  ft.,  and  will,  therefore,  be 
peculiarly  applicable  for  dredging  purposes  in  such  a  river  as 
she  is  intended  to  work  in,  its  bottom  being  shingly  and  shifty. 
Her  engines,  which  are  also  constructed  by  Messrs.  Kincaid, 
M'Queen  Co.,  are  high-pressure,  of  70  H.  P.,  the  diameter  of 
the  cylinder  being  8>^  in.,  and  the  length  of  stroke  12^  in. 
The  Alpha  is  fitted  with  an  multitubular  steel  boiler  15  ft.  6  in. 
long,  and  4  ft.  S  in.  in  diameter,  with  38  tubes,  each  3  ft.  in 
diameter.  Her  boilers  stand  a  working  pressure  of  80  lbs.  to 
the  square  inch,  and  have  been  tested  and  certified  to  a  pres- 
sure of  160  lbs.  to  the  square  inch.  She  has  a  screw  propeller, 
and  is  fitted  with  a  rudder  on  each  quarter  in  order  that  she 
may  be  the  more  easily  handled.  Herdecks  are  planked  with 
kauri  pine. 


Induction  Telegraph  for  Trains. — The  Railway  Telegraph 
&  Telephone  Companv,  owning  the  patents  of  Wm.  Wiley 
Smith,  Thos.  A.  Edison  and  W.  T.  Gilliand,  and  the  Phelps 
Induction  Telegraph  Company,  owning  the  patents  of  L.  J. 
Phelps,  both  of  New  York,  have  consolidated  and  formed  a 
new  company  under  the  name  of  the  Consolidated  Railway 
Telegraph  Company,  with  office  at  13  Park  Row,  New  York. 
The  new  company  now  possesses  all  the  patents  covering 
telegraphing  by  induction-telegraph  to  and  from  moving  trains. 
This  company  assumes  the  contract  of  the  Phelps  Company 
with  the  Lehigh  Valley  Railroad,  and  is  now  operating  the 
same  on  the  New  Jersey  Division  (50  miles)  upon  three  trains 
a  day  each  way.  It  also,  within  a  short  time,  will  begin  to 
place  this  system  on  the  main  line  of  the  New  York,  New 
Haven  \-  Hartford  Railroad,  under  an  existing  contract.  Nego- 
tiations are  also  being  carried  on  toward  placing  this  system 
on  several  trunk  lines.  The  officers  of  the  new  Company  are: 
President,  Chas.  A.  Cheever  ;  Vice-President,  Chas.  E.  Crow- 

!  ell  ;  Secretary  and  Treasurer,  Henry  D.  Hall ;  Electrician 
and  Superintendent,  Lucius  J.  Phelps;  Consulting  Electrician, 
Thos.  A.  Edison. 

j  Cement. — The  use  of  blast  furnace  slag  in  the  manufacture 
of  cement,  it  is  said  by  a  correspondent  of  Industries,  is  rapid- 

!  ly  increasing  in  Germany,  and  the  employment  of  slag  cement 
is  permitted  in  works  carried  on  for  or  under  the  super- 
vision of  Government.  The  slag,  when  issuing  red  hot  from 
the  furnace,  is  dropped  into  water,  and  thus  broken  up  into 
pieces  the  size  of  peas.  The  granular  mass  is  then  ground 
and  mixed  with  lime  and  silicate  of  alumina  in  certain  pro- 
portions, and  then  sifted  and  again  ground.     The  cement  thus 

'  produced  is  very  cheap,  and  has  excellent  hydraulic  qualities; 
large  quantities  are  exported  to  Sydney,  Valparaiso,  Rio,  and 
much  of  it  is  also  used  at  home.  Comparative  tests  made 
with  this  cement  and  Portland  cement  manufactured  by  the 
Oppein  Works,  one  of  the  best  manufacturers  in  Germany, 
have  shown  that  the  tensile  strength  of  the  latter  is  31S  lbs. 
per  square  inch,  and  whilst  slag  cement  gave  380  lbs.  per 
square  inch,  one  variety,  which  was  used  in  the  construc- 
tion of  a  public  building  in  Berlin,  showed  as  much  as 
392  lbs.  tensile  strength  per  square  inch.  In  Government 
contracts,  slag  cement  is  admitted  not  only  for  mortar,  but 
also  for  concrete  walls. 

A  Buoy  Ship.— Barclay,  Curie  &  Co.,  at  Whiteinch,  Scot- 
land, recently  launched  the  Samson,  a  buoy  vessel  of  a  most 
unusual  character.  Built  to  the  order  of  the  Port  Commis- 
sioners of  Rangoon,  and  intended  for  laying  and  recovering 
buoys,  moorings,  lost  anchors,  and  chains,  etc.,  over  the  dis- 
trict to  which  the  jurisdiction  of  that  body  extends,  the  vessel 
measures  115  ft.  by  23  ft.  by  12  ft.  4  in.,  and  her  register  is 
205  tons.  She  is  strongly  built,  and  her  machinery  is  like- 
wise of  great  strength.  The  fittings  include  an  enormously 
heavy  machine,  which  is  cajiable  of  lifting  the  heaviest  moor- 
ings ;  very  heavy  chain  cables  ;  steam  windlass  to  heave  out 
on  the  one  side  and  heave  in  on  the  opposite  side  at  the  same 
time  ;  two  powerful  steam  capstans,  one  of  them  able  to  raise 
40  tons  ;  heavy  bow  and  stern  davits  ;  and  an  appliance  for 
carrying  to  sea  buoys  of  the  largest  class.  She  has  also  a 
peculiarly  formed  bowsprit,  adapted  for  raising  and  lowering 
heavy  weights.  A  boiler  has  been  fitted  on  board,  with  ca- 
pacity to  supply  steam  to  work  all  the  machinery  simulta- 
neously. All  the  chain  pipes  throughout  the  vessel  are  of 
steel.  The  vessel  is  rigged  as  a  brigantine  and  will  proceed 
to  her  destination  under  sail. 

New  York  Railroad  Bridges. — It  will  be  remembered  that, 
in  18S4,  the  New  York  Railroad  Commission  sent  out  a  cir- 
cular to  tlie  railroad  companies  of  the  State,  asking  for  draw- 
ings and  strain  sheets  of  all  the  bridges  on  their  lines.  To 
collect  the  information  required  took  some  time,  as  in  many 
cases  the  companies  did  not  have  the  information  re(]uired, 
and  had  to  go  back  to  the  builders.  In  course  of  time,  how- 
ever, a  great  mass  of  data  was  received.  These  materials  were 
placed  by  the  Commission  in  charge  of  Mr.  Charles  F.  Stowe, 
a  competent  engineer,  and  from  them  he  has  compiled  an 
elaborate  report  which  will  shortly  be  issued,  and  which  will 
be  a  valuable  document. 

The  object  of  this  investigation  was  to  prepare  the  way  for 
the  establishment  of  a  standard  below  which  railroad  bridges 
should  not  be  allowed  to  fall.  The  Commission  recognized 
the  fact  that  the  strength  of  bridges  had  not  kept  pace  with 
the  increased  weight  of  rolling  stock,  and  that  the  security  of 
passengers  and  employes  required  some  action.  As  a  standard 
for  those  of  the  3,500  bridges  in  the  State,  where  maximum 
loads  were  not  reported,  the  report  assumed  80,000  lbs.  as  the 
weight  of  a  locomotive  on  standard-gauge  roads,  with  four 
driving  wheels  and  a  14.75  ft.  wheel  base.     The  running  kad 
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behind  the  lender  is  calculated  at  2,240  lbs.  to  the  foot  of 
track,  the  Hoard  allowing,  on  iron  members  of  bridges,  a  lu.- 
000  lb.  maximum  stress,  and  for  wood  Son  lbs.  in  tension. 

The  Canadian  Geological  Survey. — The  proposed  field- 
work  >>f  the  Canadian  ("icnlogical  .Survey  for  the  coming  sea- 
son includes  an  extensive  toiiograi>hical  and  geological  survey 
of  the  upper  Yukon,  of  which  Mr.  Dawson  will  be  in  charge. 
It  is  proposed  that  one  branch  of  the  exiiedition  shall  proceed 
thri>ugh  the  valley  nf  the  Stakeen  River,  cross  the  summit  of 
the  Rocky  Mountains,  and  ascend  the  Liard  River.  Here  they 
will  pass  the  water-shed  between  the  Yukon  and  the  Macken- 
zie and  descend  the  Pelly  River.  .'\t  I''ort  .Selkirk,  where  the 
Pelly  joins  the  Yukon,  tlicy  will  meet  the  other  branch  r>f  the 
expedition,  which  will  proceed  from  Chitlkat  Inlet  (Lynn  Fiord) 
to  the  headwaters  of  the  Yukon.  From  Fort  .Selkirk,  short 
expeditions  will  be  made  up  the  branches  of  the  Yukon  on 
both  sides,  and  also  down  the  main  stream.  Mr.  W.  Ogilvy, 
who  will  be  in  charge  of  this  branch  of  the  expedition,  will 
remain  in  the  district  during  the  winter  of  1S87.  but  Dr.  Daw- 
son will  return  next  fall  by  the  route  of  Lynn  Fiord. 

It  must  be  regretted  thai  a  survey  of  the  boundary  between 
Canadaand  the  possessions  of  the  United  .States  cannot  be 
undertaken  at  the  same  lime,  as  both  expeditions  would  help 
and  further  one  another. — S,  i,  i!ci\ 

Railroad  Bridges  in  Connecticut. — The  report  of  the 
Connecticut  Railroad  Commissioner  for  1886  says  :  "  Ten  years 
ago  the  aggregate  length  of  u-ooden  bridges  and  trestles  on 
the  railroads  in  this  State  was  97,780  ft.,  or  18.52  miles,  with 
9,ioS  ft.,  or  1.72  miles  of  iron,  and  3,708  ft.,  or  0.702  mile 
of  stone  arches.  On  the  same  roads  there  are  now  only 
72,747  ft.,  or  13.12  miles  of  wood,  and  3,732  ft.,  or  0.707  mile 
of  stone  arches,  while  there  are  l8,o6i  ft.,  or  3.42  miles,  of 
iron  bridges.  This  shows  a  total  reduction  of  6,356  ft.,  or 
1.20  miles,  in  the  length  of  all  kinds  of  bridges  by  reason  of 
earth  filling,  and  the  reduction  of  25,333  ft.,  or  4. So  miles, 
in  the  length  of  wooden  bridges  and  trestles  by  the  substitu- 
tion of  iron  and  stone,  and  by  filling.  During  the  same  time 
there  has  been  added,  by  the  building  of  new  roads  and  ex- 
tensions. 5,476  ft.,  or  1.03  miles,  of  wooden  bridges,  S74  ft. 
of  iron,  and  212  ft.  of  stone." 

This  makes  the  total  length  in  lineal  feet  of  railroad  bridges 
in  the  State  ; 

Miles.      Per  cent. 

Wood 14.758  77-3 

Iron 3.586  18.8 

Stone 0.747  3.9 

Total 19.091  100.0 

The  proportion  of  wooden  bridges  seems  somewhat  large. 
With  a  few  exceptions,  the  bridges  are  short,  the  State  having 
many  small  streams  and  watercourses. 

Telegraphs  of  the  World.— At  a  recent  conference  at 
Salzbourg,  Herr  Hafner,  an  officer  of  the  Austrian  depart- 
ment of  posts  and  telegraphs,  presented  the  following  notes 
on  the  extent  of  the  telegraphic  lines  of  the  world. 

The  length  of  aerial  or  pole  lines,  in  round  numbers,  Herr 
Hafner  gives  as  follows,  in  kilometers  : 

Lines.  Wires. 

America 200,000  400,000 

Africa 30,000  40,000 

Total   800,000        1,540,000 

Underground  lines  have  so  far  come  into  use  only  in  France 
and  Germany,  outside  of  city  lines.  Each  of  these  countries 
has  about  37,000  kilometres  of  underground  lines. 

The  building  of  Soo.ooo  kilometers  of  aerial  lines  must  hare 
required  some  14,000,000  poles,  and  the  wires  weigh  about 
240,000  tons. 

The  average  price  of  aerial  lines  may  be  put  at  about  1,000 
francs  per  kilometer  (or  $320  per  mile),  while  underground 
lines  cost  five  or  six  times  as  much. 

There  are  now  12  submarine  cable  lines  between  Europe 
and  America,  the  longest  being  the  French  line  from  Brest  to 
St.  Pierre  Miquelon,  which  is  4.905  kilometers  long.  Besides 
these,  the  five  great  divisions  of  the  world  are  now  all  united 
by  submarine  lines. 

Steamboats  in  Siberia. — At  a  recent  meeting  of  the  Rus- 
sian Mercantile  Marine  Society,  M.  Igoumnoff  read  an  inter- 
esting paper  on  the  present  condition  of  shipping  on  the  Si- 
berian rivers.  The  first  steamer  in  Siberia  made  its  appear- 
ance in  1842,  but  it  was  not  until  1S45  that  one  of  any  size  be- 
gan to  run  ;  the  pioneer  vessel  being  the  Osnova  or  Basis. 
having  machinery  of  60  H.  P.  In  1854  the  total  number  of 
steamers  in  Siberia  was  5,  in  i860  there  were  10,  in  1865  the 
number  had  increased  to  23,  in  1S76  to  43,  and  by  the  end  of 


last  autumn  to  5S.  This  is  not  a  large  number  for  a  territory 
larger  than  all  Europe  or  Canada,  and  which  Russia  has  held 
for  300  years.  Besides  steamers  there  are  200  barges,  rang- 
ing in  length  from  200  ft.  and  250  ft..  an;l  100  from  150  It.  to 
200  ft.  long.  The  most  powerful  steamer  on  the  Siberian 
rivers  is  one  of  i6c,  H.  P.  The  center  of  the  traffic  is  Tiumin. 
through  which  goods  to  the  extent  of  ^'yi  million  poods,  or 
70,000  tons,  pass  every  year.  It  is  the  drawback  of  the  Si- 
berian rivers  that  they  nearly  all  flow  to  the  Arctic  region, 
and  although  some  years  ago  English  navigators  penetrated 
to  the  Obi  and  Yenesei,  the  perils  of  the  passage  through  the 
Kara  Sea  nipped  the  enterprise  in  the  bud.  At  present  there 
is  little  inclination  to  increase  the  steamers  in  Siberia,  as  its 
raw  produce  cannot  find  a  ready  market  in  Russia,  owing  to 
the  competition  in  the  corn,  hide  and  tallow  trade.  About 
8,000  peasants  migrate  thither  every  year,  and  the  extension 
of  the  railroad  system  is  opening  up  the  country,  but  none 
the  less  its  progress  is  very  slow. 

Harrisburg  Bridge.— The  Cumberland  Valley  Railroad 
Company  is  rebuilding  its  bridge  over  the  Susquehanna  at 
Harrisburg,  Pa.  The  first  bridge  erected  by  the  company  at 
this  point  was  finished  January  16,  1839.  It  was  a  lattice 
bridge,  4,228  ft.  in  length,  the  deck  of  which  was  used  for  rail- 
road purposes,  the  cars  being  hauled  across  by  horses.  Below 
the  deck  were  two  roadways  for  ordinary  wagon  travel. 

This  bridge  was  destroyed  by  fire  December  4,  1844.  On 
February  3,  1S45,  a  contract  was  made  with  Mr.  Eleasor  Kirk- 
bride,  for  the  erection  of  a  new  bridge.  Owing  to  various  mis- 
fortunes, this  bridge  was  not  completed  for  a  couple  of  years. 
In  1850  it  was  strengthened  for  railroad  purposes,  and  its  use 
discontinued  as  a  wagon  bridge.  In  1856  it  was  substantially 
rebuilt  as  a  Howe  truss.  The  lower  chords  were  renewed  in 
1871  at  a  cost  of  $72,520.  In  187S,  it  became  necessary  to  give 
additional  strength  to  the  structure,  and  arches  were  put  in  as 
auxiliary  to  the  truss  at  an  expense  of  !J!33,I05.  All  the  piers 
have  been  rebuilt  in  a  most  substantial  manner  at  an  entire 
cost  of  $113,359. 

In  September  last,  contracts  were  made  with  the  Union 
Bridge  Company,  of  New  York,  and  the  Edge  Moor  Iron  Com- 
pany, of  Wilmington,  Del.,  to  replace  the  present  wooden 
bridge  with  an  iron  one  ;  the  Union  Bridge  Company  contract- 
ing for  the  western  half,  and  the  Edge  Moor  for  the  eastern 
half.  The  cost  of  this  work,  will  be  about  $225,800.  The 
Union  Bridge  Company  has  just  completed  its  half  of  the 
bridge,  and  work  is  in  progress  on  the  other  half. 

Not  a  Promising  Field  for  Young  Engineers.— The 
Indian  Engineering  says:  "The  Bombay  Public  Works  De- 
partment have  for  years  been  far  behind  all  other  provinces 
and  lists  in  point  of  promotion.  But  1SS6  has  changed  mat- 
ters somewhat  for  the  better,  for  they  have  had  no  less  than 
six  steps,  five  by  retirement  and  one  by  death,  of  highly 
graded  officers  :  Colonel  .T.  M.  Creig  and  Colonel  J.  R.  Maun- 
sell.  Superintending  Engineers  ;  Colonel  B.  H.  Matthew  and 
Major  M.  T.  Macartney,  Executive  Engineers,  first  grade; 
Mr.  W.  Clarke,  Executive  Engineer,  second  grade,  all  re- 
tired— and  Colonel  E.  P.  Gambler,  deceased.  During  the 
current  year  there  will,  it  is  thought,  be  three  retirements — 
those  of  General  Goodfellow,  Colonel  John  LeMesurier,  and 
Mr.  F.  D.  Campbell,  Chief,  Superintending  and  First  Grade 
Executive  Engineer,  respectively.  To  judge  how  bad  things 
were  last  June,  before  this  small  run  of  promotion  came  in, 
the  following  figures  show  the  length  of  service  of  the  senior 
in  each  grade :  Executive  Engineer,  first  grade,  28  years  ; 
second  grade,  24  years  ;  third  grade,  19  years  ;  fourth  grade, 
15   years  ;  Assistant  Engineer,  first  grade,  13  years. 

"One  step — that  of  Colonel  Maunsell — still  remains  to  be 
filled,  but  ihe present  seniors  of  the  above  grades  are  of  28,  20, 
19,  II,  and  10  years' service  respectively.  Itis  something  ap- 
proaching to  almost  a  scandal  that  an  officer  of  20  years'  good 
service,  who  is  talented,  bears  a  blameless  reputation,  and  has 
a  high  University  degree,  should  still  be  in  the  second  grade 
of  Executive  Engineers.      Such  is  Bombay  luck  ! 

New  Railroads  in  Norway. — .Although  no  definite  deci- 
sion has  been,  or  is  perhaps  for  some  little  time  likely  to  be 
arrived  at,  as  to  the  prejected  railway  from  Bergen  to  Chris- 
tiania,  the  time  is  not  far  distant,  when  the  two  largest  towns 
in  Norway  will  be  connected  by  a  railroad  line.  Whatever 
route  may  be  adopted,  and  there  are  several  on  the  tapis,  this 
new  line  will  offer  very  considerable  engineering  difficulties, 
and  it  is  only  within  the  last  few  years  that  the  scheme  has 
been  looked  upon  as  at  all  practicable.  The  latest  plan— 
the  Aurland  line — is  said  to  possess  several  advantages  over 
its  predecessors,  but  still  it  will,  for  a  distance  of  20  kilometers, 
have  to  run  at  a  height  of  3,000  ft.  above  the  sea  level.  Its 
highest  point— Gjeitserryggen— is  about  1,130  meters,  or  some 
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3,600  ft.  above  the  level  of  the  sea,  but  this  is  170  meters  lower 
than  the  highest  point  of  the  Rundals  scheme.  This  latter 
line  would  also  necessitate  the  railroad  running  at  a  height  of 
3,000  ft.  or  more,  for  the  much  longer  distance  of  70  kilo- 
meters.  .Among  the  advantages  of  the  lower  line  are  less  risk 
for  snowdrifts  and  less  frequent  fogs,  and  the  supply  of  watei 
appears  to  be  more  abundant.  Also  as  regards  the  inhabi- 
tants of  the  surrounding  country,  the  Aurland  line  is  more 
favorably  positioned  than  its  rivals.  The  longest  distance  be- 
tween the  'Salters" — the  mountain  pastures  where  the  cattle 
are  kept  during  the  the  summer  time — is  only  S  kilometers, 
while  It,  on  the  other  line,  amounts  to  40  to  50  kilometers, 
and  the  Salter  time  is  only  six  weeks  on  the  latter,  against  ten 
to  sixteen  weeks  on  the  former.  The  soil  is  also  more  tract- 
able on  the  Aurland  line  ;  there  are,  however,  a  couple  of 
tunnels,  through  the  Klovfjeld,  a  length  of  3.5  kilometers,  and 
through  the  Grundfjeld,  a  length  of  1.5  kilometers. — En^ineer- 
i"K- 

Blast  Furnaces  of  the  United  States.— The  American 
A/iiiiii/iictimr  says  :  "  Our  usual  monthly  table,  showing  the 
condition  of  the  blast  furnaces  of  the  country  on  April  i,  makes 
the  following  showing  : 

In  blast.  Out  of  blast. 


Fuel. 
Charcoal. ... 
Anthracite. . 
Bituminous. 


..    151  SD,709  5S  24,375 

Total 353       '.57,523  =36  .51,899 

"As  compared  with  a  month  ago,  this  shows  a  reduction  of 
2  in  the  number  of  charcoal  furnaces  in  blast,  an  increase  of  i 
in  the  number  of  anthracite,  and  an  increase  of  5  in  the  num- 
ber of  bituminous,  making  a  total  increase  in  the  number  in 
blast  of  4. 

"The  capacity  for  production  of  the  furnaces  in  blast  at  the 
present  moment  is  greater  than  at  any  previous  time  in  the 
history  of  Iron  manufacture  in  this  country.  The  nearest  ap- 
proach to  it  was  on  February  I,  1SS7. 

"  We  estimate  the  production  of  pig-iron  for  the  first  quar- 
ter of  '887,  on  the  basis  of  our  monthly  reports,  as  follows,  in 
gross  tons  : 

Charcoal 127.652  tons. 

.\nihracite 539.432     " 


Total 1,668,036 

"This  is  at  the  rate  of  6,672,144  gross  tons  a  year.  The 
production  for  1SS6  was  5,684,543  gross  tons." 

Railroad  Progress  in  Central  Asia. — Private  entei[irise 
appears  to  be  coming  to  the  aid  of  the  Russian  Government 
in  the  matter  of  railway  development.  Two  applications  have 
been  recently  made  to  the  Minister  of  Railways  for  permission 
to  e.\tend  the  Orenburg  Railway  to  Uralsk,  in  the  Kirghiz  re- 
gion. This  implies  another  advance  of  the  locomotive  into 
Central  Asia.  Until  recent  years  the  Russian  advance  towards 
India  lay  through  Turkestan  in  the  direction  of  Orenburg, 
Tashkent  and  Cabul.  While  this  movement  was  in  progress 
Russia  pushed  her  railway  system  to  Orenburg,  on  the  Asiatic 
border.  The  movement  then  changed  to  the  Caspian  Sea,  io 
the  direction  of  Krasmivodsk,  Merv,  and  Herat.  This  led  tn 
the  decadence  of  Turkestan,  and  the  more  the  advance  upon 
Herat  grew  into  favor  the  less  disposed  the  Russian  Govern- 
ment became  to  concern  itself  any  further  with  the  extension 
of  the  Orenburg  Railway  to  Tashkent.  The  Orenburg  district 
has,  however,  developed  so  much  smce  the  completion  of  the 
line  that  sufficient  enterprise  now  exists  ^mong  the  commer- 
cial classes  to  promote  the  construction  of  another  extension 
further  into  Asia,  as  far  as  the  Cossack  town  of  Uralsk.  Two 
schemes  are  proposed  .  one  from  the  Toliminsk  station  on  the 
Orenburg  Railway  to  Uralsk,  a  distance  of  150  miles,  and 
another  from  Pokrova.  on  the  Volga,  opposite  Saratoff,  to 
Uralsk,  a  distance  of  250  miles.  In  both  cases  the  line  would 
traverse  a  flat,  fertile  steppe,  like  the  prairies  of  America,  and 
the  cost  in  either  case  would  not  very  much  exceed  $15,000  a 
mile.  There  are  no  towns  of  any  size  between  the  points,  but 
a  considerable  trade  is  done  at  Uralsk,  and  the  promoters  are 
content  to  construct  and  work  the  lines  without  a  Government 
subsidy.  Last  week  the  Minister  despatched  a  commission  to 
examine  the  two  routes,  and  whichever  be  adopted,  the  Euro- 
pean railroad  system  will  make  one  more  advance  Into  .Asia. 
By  degrees  there  is  very  little  doubt  that  the  locomotive  will 
penetrate  to  Tashkent,  although  not  so  rapidly  as  the  Siberian 
line  will  push  bevond  Tobolsk  and  the  Transcasplan  line  past 
Bokhara. 


New  Furnaces  of  Troy  Steel  Company. — The  new  fur- 
naces of  the  Troy  Steel  Company  situated  on  Breaker  Island 
in  the  Hudson  River,  opposite  the  works  at  South  Troy,  are 
soon  to  be  put  in  operation.  These  furnaces  are  to  furnish 
material  for  the  Bessemer  plant  of  this  company,  which  was 
the  first  operated  in  this  country.  It  was  proposed  at  first  to 
convey  the  molten  metal  from  the  island  on  which  the  blast 
furnaces  are  situated  to  the  Bessemer  plant  on  the  east  shore 
by  boat,  but  this  scheme  has  been  abandoned,  and  the  iron  will 
be  run  into  pigs  and  will  be  transported  In  that  form.  The 
furnaces  consist  of  six  stores,  three  furnaces,  with  necessary 
engine  and  store  houses,  all  built  upon  a  foundation  of  con- 
crete 20  ft.  deep. 

It  is  estimated  that  3,000  tons  of  material  per  day  will  be  re- 
quired to  supply  these  furnaces.  The  ore  used  will  be  from 
the  Lale  Champlain  mines,  and  flux  from  the  vicinity  of  Fort 
Edward,  N.  Y.,  where  a  branch  track  yi  mile  long  is  to  be 
built  for  its  transportation.  In  order  to  supply  this  new  enter- 
prise with  ore,  coal  and  flux,  a  branch  railroad  has  been  con- 
structed by  the  Delaware  K  Hudson  Canal  Company  from  a 
point  on  the  main  line  about  2^  miles  north  of  Albany  to 
Breaker  Island.  This  branch  is  about  2  miles  In  length  and 
consists  of  3  spans  of  225  ft.  each,  pin-connected  truss  bridge 
across  the  West  Branch  of  the  Hudson,  one  span  150  ft.,  riveted 
across  the  Erie  Canal,  i>^  miles  of  timber  trestle  and 
_^  mile  of  embankment. 

The  construction  of  this  branch  was  commenced  about  two 
years  ago,  but  was  not  completed  until  the  early  part  of  this 
winter,  owing  to  delays  caused  by  difficulty  in  securing  right 
of  way,  and  to  damage  caused  by  high  water  and  ice  on  two 
separate  occasions  by  which  two  trestles  and  six  timber  piers 
were  carried  away  at  the  point  where  the  three  spans  of  jiin- 
connected  truss  now  spans  the  stream. 

The  total  cost  of  this  branch  has  been  Si6o,ooo,  and  that  of 
the  furnaces  upward  of  §2,000.000. 

Locomotive  Driving-Wheel  Tires. — At  a  recent  meeting 
of  the  Engineers'  Club  of  Philadelphia.  Mr.  Theodore  Lewis 
presented  a  paper  on  3  in.  -s.  4  in.  steel  tires,  from  which  the 
following  extracts  are  taken  ; 

"The  question  as  to  the  desirability  of  using  tires  4  in 
thick  has  been  before  the  makers  and  users  of  tires  for  some 
years  past,  and  there  has  been  a  steady  Increase  In  the  num- 
ber of  roads  deciding  in  favor  of  the  thick  tires. 

"The  average  thickness  of  tires  used  In  this  country  is 
probably  3  in.,  and  the  argument  of  those  favoring  the  increase 
of  thickness  to  4  in.  has  been  that  as  a  tire  is  scrapped  when 
worn  liown  to  l}(  in.,  the  cost  of  this  waste  metal  is  carried  by 
a  wear  of  2;^  in.  of  metal  in  the  case  of  the  4  in.  tire,  while  in 
the  case  of  the  3  in.  tire  the  same  amount  of  waste  metal  is 
carried  by  a  wear  of  1^4''  in.;  or,  in  other  words,  with  a  4  in. 
tire  the  amount  scrapped,  is  45  per  cent,  of  the  amount  worn 
off,  while  with  a  3  in.  tire  It  is  71  per  cent.  If  the  wearing 
qualities  of  both  tires  are  the  same,  the  4  In.  thick  tire  should 
be  the  most  economical,  and  this  seemed  to  be  the  opinion  of 
those  using  4  In.  tires,  until  at  the  November  meeting  of  the 
Western  Railway  Club  at  Chicago.  Mr.  G.  W.  Rhodes  pre- 
sented some  figures,  showing  that  on  the  Chicago,  Burlington 
&  Quincy  Railroad  they  had  obtained  a  very  slight  increase  in 
total  mileage  from  4  in.  tires  over  that  obtained  from  3  in. 
tires.  He  stated  that  from  an  average  of  45  sets  of  3  In.  tires 
worn  out  he  had  obtained  a  total  mileage  of  131,627  miles  per 
tire,  or  4.250  miles  per  ,'5  in.  of  metal  worn  off.  From  an 
average  of  13  sets  of  4  in.  tires  worn  out  he  had  obtained  a 
total  mileage  of  133,956  miles  per  tire,  i.r  3,252  miles  per  -,V  in. 
of  met.-il  worn  off.  This  makes  a  difference  of  only  2,329  in 
the  total  mileage  of  the  tires. 

"  These  mileages  may  appear  very  small,  and  it  should  be 
said  that  all  the  tires  were  on  switching  engines,  which  is 
severe  service.  In  the  same  rcjiort  the  mileage  made  on 
freight  engines  is  given  as  7.500  miles  per  ,'5  in.  of  wear,  and 
that  made  on  passenger  engines  as  10,000  miles  per  ^V  if-  wear. 
"It  should  be  stated  that  in  taking  these  averages  the  entire 
45  sets  of  3  in.  thick  tires  were  worn  out  and  scrapped,  while 
with  the  4  in.  tires  there  were  76  sets,  of  which  but  13  sets 
were  worn  out,  and  it  Is  fair  to  suppose  that  If  there  were  dif- 
ferences in  the  tires  these  13  sets  were  the  poorest  and  that  the 
average  of  the  76  sets  will  probably  make  a  better  showing  for 
the  4  in.  tires.  It  should  be  noted  that  while  physical  tests 
from  3  in.  and  4  in.  tires  show  very  little  difference,  the 
amount  of  work  on  the  3  In.  tire  in  the  process  of  manufacture 
Is  considerablv  greater  than  on  the  4  in. 

"  These  results  have  led  to  the  discussion  (to  be  brought  U|> 
at  a  future  meeting  of  the  Western  Railway  Club)  as  to  whether 
the  additional  weight  in  the  4  in.  tire  is  not  in  itself  the  cause 
of  more  rapid  wear,  and  whether  It  does  not  result  in  greater 
wear  of  the  road. bed  and  more  severe  shocks  to  bridges." 
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The  office  of  the  Railro.\d  and  Engineering  Jour- 
nal is  now  at  No.  45  Broadway,  New  Yorlc,  having  been 
removed  from  No.  23  Murray  Street  rn  May  i.  All  com- 
munications for  the  Journal,  its  proprietor  or  its  editors 
should  be  addressed  to  No.  45  Broadway,  New  York. 

In  this  country  of  frequent  changes  it  is  a  fact,  we 
think,  worthy  of  note,  that  the  card  of  Fuller  Brothers  & 
Co.,  which  will  be  found  in  another  column,  is  the  re- 
newal of  an  advertisement  which  first  appeared  in  the 
Journal  some  35  years  ago;  and  that  the  address  of  the 
address  of  the  firm  was  the  same  then  as  now — an  almost 
unprecedented  occurrence  in  New  York. 

The  American  Society  of  Mechanical  Engineers  pre- 
sents a  varied  and  interesting  programme  for  its  spring 
meeting  at  Washington,  which  begins  just  as  this  number 
of  the  Journal  is  issued.  The  subjects  of  several  of  the 
papers  promised  for  the  meeting  are  of  importance,  and 
the  number  of  the  papers  shows  no  lack  of  interest  in  the 
Society  on  the  part  of  its  members. 

The  use  of  steam  at  a  high  pressure  and  of  the  triple- 
expansion  engine  seems  to  have  become  established  as 
the  latest  practice  in  marine  engineering.  Some  are  dis- 
posed to  go  still  further,  for  a  new  steamer  in  England  is 
provided  with  quadruple-expansion  engines.  This  is  an 
experiment,  however  ;  but  the  triple-expansion  engines 
have  so  far  shown  very  good  results,  both  in  economy  and 
ease  of  working. 

Probably  the  next  advance  in  marine  construction  will 
be  in  the  use  of  twin  screws,  which  have  already  been 
applied  in  a  number  of  war-ships,  but  have  not  come  into 
general  use.  Twin  screws  are  not  a  new  device  by  any 
means,  and  were  successfully  used  many  years  ago  ;  they 
are  strongly  advocated  by  Commander  Chadwick  in  a 
recent  article  in  Scribner's  Magazine. 

An   excellent  example    of   a   triple-expansion    marine 


engine  of    American  design   and    construction  will  be 
found  on  another  page.     It  is  for  use  on  a  steamer  on  the 

great  lakes,  where  so  much  of  our  best  marine  construc- 
tion is  to  be  found. 

The  brake  trials  at  Burlington  are  in  successful  pro- 
gress, but  are  not  yet  sufficiently  advanced  to  give  definite 
results,  and  the  publication  of  a  mere  list  of  stops  hardly 
seems  worth  the  space  which  it  would  occupy. 

All  parties  seem  to  have  profited  by  the  experience 
gained  in  last  year's  tests,  and  several  improvements  have 
been  made.  The  most  notable  of  these  is  the  use  of  elec- 
tric apparatus  for  the  purpose  of  securing  the  almost 
simultaneous  setting  of  the  brakes  throughout  a  train, 
thus  avoiding  the  delay  necessary  for  the  passage  of  the 
air  through  the  brake-pipes,  which  is  sufficient  to  cause 
severe  shocks  in  a  long  train.  There  are  minor  improve- 
ments which  increase  the  efficiency  of  the  difTerent  brakes, 
and  perceptible  progress  has  been  made. 

The  proposed  lease  of  the  Boston  &  Lowell  Railroad  to 
the  Boston  &  Maine  Company  is  a  step  in  advance  in  the 
process  of  consolidation  of  New- England  railroads,  which 
has  been  going  on  for  some  years  past.  In  the  beginning  all 
railroad  companies  were  small,  each  controlling  a  few 
miles  of  road  only;  a  few,  that  is,  in  comparison  with  the 
great  companies  of  to-day.  In  New  England  this  small 
company  system  was  closely  and  jealouslv  adhered  to 
until  a  few  years  ago  ;  so  closely  in  fact,  that  a  legislative 
enactment,  passed  after  a  long  struggle,  was  required  to 
force  the  Boston  &  Worcester  into  the  consolidation  with 
the  Western  Company,  by  which  the  Boston  &  Albany 
Company  was  formed.  Even  after  time  had  showed  the 
beneficial  results  of  this  consolidation,  but  little  change  was 
made  in  this  direction  for  some  years,  although  the  Old 
Colony  absorbed  some  of  its  extensions,  and  finally  com- 
pleted its  system  by  the  purchase  of  the  Boston,  Clinton 
&  Fitchburg  tangle  of  short  roads.  The  Eastern  Rail- 
road attempted  a  career  of  extension,  but  its  disastrous 
failure  followed  a  too  hasty  and  reckless  expansion. 
Recently,  however,  a  new  era  of  consolidation  has  begun; 
the  Boston  &  Maine  absorbed  the  Eastern  ;  the  Boston 
&  Lowell  took  in  its  northern  connecting  lines  in 
New  Hampshire,  and  the  Fitchburg  completed,  by  con- 
solidation, its  line  from  Boston  to  the  Hudson  River 
through  the  Hoosac  Tunnel. 

Now,  arrangements  have  been  made  by  which  the 
Boston  &  Maine  is  to  lease  the  Boston  &  Lowell,  thus 
becoming  the  largest  and  most  important  corporation  in 
New  England,  and  practically  controlling  all  the  lines 
from  Boston  to  Northern  New  England  and  Canada. 
The  Boston  &  Providence,  it  is  also  said,  is  to  be  absorb- 
ed by  the  Old  Colony,  and  made  a  part  of  that  system. 
The  Boston  lines  will  then  be  controlled  by  four  strong 
companies,  leaving  out  only  the  New  Y^ork  &  New  Eng- 
land, which  is  probably  still  in  the  market,  and  which, 
it  is  not  unlikely,  will  before  long  become  an  appendage 
of  some  wealthier  corporation. 

Whatever  may  be  said  of  the  small  company  system 
— and  from  one  point  of  view  there  are  many  arguments 
in  favor  of  it— it  is  not  generally  conducive  to  the  best 
management.  The  small  company  is  very  apt  to  be 
controlled  by  small  men,  and,  even  if  it  is  fairly  success- 
ful  financially   it  is  usually  very  slow  to  make  changes 
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and  to  introduce  improvements.  Tiius,  while  the  average 
returns  from  the  New  England  roads  have  been  better 
than  from  those  in  any  other  part  of  the  country,  many  of 
them — and  not  all  of  them  the  poorest — are  much  be- 
hind the  Western  lines  in  their  appliances  and  methods, 
and  do  not  show  signs  of  improvement.  Consolidation 
has  not  always  remedied  this,  for  too  often  the  policy 
which  has  grown  up  under  the  small  company  has  sur- 
vived the  extension.  But  with  this  extension  there  come 
at  least  the  means  and  opportunity  of  doing  better,  while 
the  younger  men.  who  are  growing  up  to  replace  the  old 
managers,  have  the  advantage  of  training  in  a  better 
school  and  with  a  wider  range  of  view. 

Thk  best  attainable  authority  on  the  subject  gives  the 
length  of  track  laid  on  new  railroad  lines  in  the 
United  States  for  the  four  months  of  the  current  year  to 
the  end  of  April  at  1,564  miles.  More  than  one-half  of 
this  was  in  the  Southwest — Kansas,  Colorado,  the  Indian 
Territory  and  Texas.  A  considerable  part  of  the  remain- 
ing half  was  in  the  Southern  States.  As  in  January,  Feb- 
ruary and  the  greater  part  of  March  the  weather  was  very 
unfavorable  for  track-laying  in  the  North  and  Northwest, 
those  sections  were  hardly  able  to  contribute  their  fair 
share  and  may  be  expected  to  show  an  increased  mileage 
later  in  the  year. 

In  view  of  this  fact,  and  considering  the  amount  of  pre- 
liminary work  on  new  lines  which  has  been  already  done, 
the  new  mileage  of  the  present  year  may  be  expected  to 
reach  a  high  figure,  and  the  estimate  made  by  our  con- 
temporary, the  i'Jai/'zt/rt/ ^^?-^ — 10,000  miles  for  the  year, 
with  a  possible  excess  over  that  figure— does  not  seem  an 
extravagant  one.  There  are  several  long  lines  now  well 
under  way,  and  with  such  financial  backing  that  there  is 
every  probability  of  their  completion,  while  more  than  the 
usual  number  of  branch  lines  and  feeders  have  been  un- 
dertaken by  responsible  corporations. 

It  is  to  be  regretted  that  so  much  of  the  new  mileage, 
completed  and  under  construction,  is  of  parallel  and  com- 
peting lines,  built,  not  so  much  to  develop  new  country 
or  serve  a  growing  traffic,  as  to  divide  existing  business 
and  secure  it  for  certain  main  lines.  Much  of  the  money 
expended  in  this  direction  is  absolutely  sunk  and  is  of 
no  use,  except  so  far  as  it  may  be  said  to  protect  existing 
investments.  Under  more  judicious  systems  of  manage- 
ment much  of  it  might  be  reserved  for  investment  where 
it  is  really  needed. 

The  annual  statement  of  the  American  Iron  &  Steel 
Association  for  1886  covers  one  of  the  best  years  the  iron 
trade  has  ever  had  in  this  country.  The  production  of 
pig-iron  was  the  largest  on  record,  while  the  steel  pro- 
duction also  exceeded  that  of  any  previous  year.  The 
manufacture  of  rolled  iron,  though  greater  than  in  1S85, 
was  exceeded  in  several  previous  years  ;  a  fact  which  is 
accounted  for  by  the  increasing  use  of  steel  for  many  pur- 
poses. The  iron  rail  manufacture,  for  instance,  has  en- 
tirely ceased,  and  steel  is  rapidly  superseding  iron  for  the 
making  of  nails. 

While  the  year  was  a  prosperous  one  so  as  far  as  the 
demand  and  the  amount  of  production  was  concerned, 
there  was  not  such  an  increase  in  prices  as  might  have 
been  expected.  Pig-iron,  rolled-iron  and  other  standard 
products,  for  instance,  showed  only  a  very  small  advance 
over  the  lowest  prices  prevailing  during  the  period  of 


depression.  The  only  notable  increase  was  in  steel  rails, 
which  showed  a  heavy  advance  under  the  influence  of  a 
special  demand  and  a  necessarily  restricted  production 

Th  e  board  of  managers  of  the  Association  of  Engineering 
Societies,  at  its  last  meeting,  adopted  an  address  to  the 
local  societies  and  clubs  of  Engineers,  suggesting  the  for- 
mation of  a  national  society  or  union,  in  which  all  shall 
be  represented.  The  present  Association,  which  includes 
seven  societies,  exists  for  the  purpose  of  publishing  a 
journal  of  their  proceedings  only,  and  has  very  limited 
powers.  To  enlarge  these,  and  secure  joint  action  on 
other  matters,  is  the  object  of  the  present  movement, 
which  is  not  the  first  attempt  of  a  similar  kind.  The 
address  calls  a  Convention  of  Societies  to  arrange  the 
proposed  union. 

Wk  are  informed  that  the  Pennsylvania  Railroad  Com- 
pany intends  to  make  exhaustive  trials  on  its  line  of  a 
compound  locomotive  on  the  Webb  system.  The  trial, 
it  is  said,  will  be  made  with  a  London  &  Northwestern 
locomotive  built  under  Mr.  Webb's  own  supervision, 
which  will  be  brought  over  for  the  purpose.  This 
will  be  the  first  really  thorough  test  of  the  compound 
system  in  this  country,  and  its  result  will  be  watched 
with  much  interest. 

The  discussions  at  the  railroad  clubs  during  the  past 
month  have  been  chiefly  on  the  revision  of  the  rules  for 
interchange  of  cars.  As  these  rules  have  now  been  sub- 
mitted to  a  pretty  thorough  discussion  in  the  different 
sections  represented  in  the  clubs  at  Boston,  New  York, 
Buffalo  and  Chicago,  members  ought  to  be  able  to  con- 
sider them  intelligently  at  the  Master  Car  Builders'  Con- 
vention, and  to  decide  quickly  on  whatever  changes  or 
amendments  may  be  required. 

Railroad  officers  and  editors  of  technical  journals 
have  for  some  time  felt  inclined  to  believe  that  every 
white  male  citizen  of  the  United  States  had  felt  it  his 
duty  to  invent  a  car  coupler.  A  new  terror  is  now  added 
to  life  by  the  statement  (in  a  reliable  daily  paper)  that  a 
woman — and  a  colored  woman  at  that — has  invented  a 
coupler  "  which  promises  to  supersede  all  others,"  as  all 
of  them  have  done  for  so  many  years  past. 


COMBUSTION. 

T  F  the  books,  papers  and  articles  which  have  been 
■*•  written  on  this  subject  were  collected  together  they 
would  make  quite  a  library  by  themselves.  Nevertheless, 
there  is  no  theory  of  combustion  that  is  entirely  satisfac- 
tory, and  practically  the  grimy  firemen  seem  to  know  more 
about  it  than  the  scientific  people  do.  A  very  good  story 
is  told  of  an  invention  for  improving  combustion  in  loco- 
motives, which  was  tried  on  a  New-England  railroad  some 
years  ago.  It  consisted  of  some  elaborate  arrangement 
of  pipes  for  admitting  air  at  the  front  of  the  engine  and 
conveying  it  to  the  fire-box.  A  trial  trip  was  made  with 
invited  guests,  champagne,  etc.,  etc.  The  engine  did 
not  make  steam  freely  and  failed  to  make  time,  arriv- 
ing at  its  destination  a  half  hour  or  more  late.  While  the 
guests  were  firing  up  with  liquid  fuel,  the  inventor  of  the 
device  went  unobserved  to  the  locomotive  runner,  and 
holding  up  a  seductive  twenty-dollar  bill, told  him  that  if  on 
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the  return  trip  he  would  make  time  the  bill  would  be  his. 
The  invento  •  then  joined  his  guests  and  explained  to  them 
that  the  reason  his  invention  had  failed  so  far,  was  because 
the  pipes  required  "adjustin};."  At  the  same  time  the 
locomotive  runner,  unobserved,  went  to  the  front  end  and 
stopped  up  both  the  pipes  wliicli  scooped  in  the  air,  turned 
his  engine  around,  and  on  tiie  down  trip  made  up  all  the 
time  lost  in  coming  up.  He  was  then  congratulated  by 
the  inventor,  who  handed  him  tlie  coveted  twenty-dollar 
bill.  When  this  was  securely  deposited  in  the  trouser's 
pocket  of  the  engineer  he  told  the  inventor,  "  yes,  we  got 
here  all  right,  but  it's  because  I  stopped  up  them  pipes." 

In  1S58  an  "  Elementary  Treatise  on  the  Combustion  of 
Coal  and  the  Prevention  of  Smoke,"  by  C.  Wye  Williams 
was  published  in  the  "  Weale  Series."  In  that  book  he  ex- 
plained the  need  of  introducing  a  supply  of  fresh  air  above 
the  fire,  in  order  to  produce  perfect  combustion.  The 
result  was  that  a  great  variety  of  plans  were  devised  and 
adopted,  for  admitting  air  above  the  fire  in  locomotive 
and  other  boilers,  some  of  which  are  now  in  use,  but  a 
fireman  discovered  that  by  putting  an  inverted  scoop- 
shovel  in  the  opening  of  the  furnace-door  he  could  pre- 
vent or  diminish  the  quantity  of  smoke  produced.  After 
numberless  inventions  have  been  tried,  with  the  excep- 
tion of  the  brick-arch,  that  of  the  ignorant  fireman  in 
the  form  of  a  deflector  is  about  the  only  one  which  has 
survived  and  is  now  used  to  any  considerable  extent. 

Leading  questions,  relating  to  the  most  economical  rate 
of  combustion,  the  proportion  of  grates  and  fire-boxes,  are 
still  in  dispute,  and  the  most  opposite  opinions  are  held 
with  reference  thereto  by  well-informed  persons.  Thus  some 
engineers  hold  that  slow  combustion  is  the  most  economi- 
cal ;  whereas,  others  aim  at  producing  intensity  of  heat,  that 
is  to  burn  the  greatest  possible  quantity  of  fuel  within  a  re- 
stricted space.  Some  hold  that  the  larger  the  grate  the 
better,  others  that  the  smaller  it  is,  provided  a  sufficient 
amount  of  fuel  can  be  burned  in  it,  the  greater  the  econ- 
omy. Some  advocate  the  use  of  small  grates  and  fire- 
boxes; others  small  grates  and  large  fire-boxes.  Deep 
and  shallow  fire-boxes,  both  have  their  advocates,  and  it 
may  be  said  that  hardly  any  principle  relating  to  the  pro- 
portions of  fire-boxes  and  grates  for  locomotives  is 
settled  beyond  question.  This  leads  to  the  suspicion 
that  perhaps  the  proportion  of  grates  and  fire-boxes  is  not 
a  matter  of  great  importance.  At  any  rate  it  is  not  likely 
that  any  very  definite  conclusions  can  be  reached  from 
purely  theoretical  considerations,  although  it  seems  very 
probable  that  an  exhaustive  series  of  experiments,  made 
by  a  competent  person  to  determine  the  most  economical 
proportions  and  forms  of  locomotive  boilers,  might  involve 
information  which  would  be  of  very  great  practical  im- 
portance. Perhaps  in  the  future  some  one  or  more  rail- 
road managers  may  recognize  the  value  of  that  kind  of 
knowledge,  and  have  the  experiments  made  which  are 
needed  to  teach  us  what  form  and  proportion  of  locomo- 
tive fire-boxes  are  the  most  economical.  In  the  mean- 
while we  will  be  obliged  to  feel  our  way  as  best  we  can. 

In  discussing  combustion,  the  text-books  generally  treat 
of  its  chemistry  alone,  and  tell  us  how  much  oxygen 
must  be  supplied  for  a  given  quantity  of  fuel  to  burn  it 
perfectly.  While  it  is  very  important  to  know  just  the 
proportions  in  which  carbon  and  hydrogen  unite  with 
oxygen,  and  that  a  certain  amount  of  air  must  be  admit- 
ted above  the  fire  to  burn  coal  perfectly,  yet,  notwith- 
standing all  we  know  of  this  aspect  of  the  subject,  locomo- 


tives still  smoke  about  as  badly  as  ever,  and  no  marked 
amount  of  economy,  such  as  has  resulted  from  the  use  of 
compound  marine  engines,  has  been  effected  in  locomotive 
service  and,  notwithstanding  our  knowledge  of  chemistry, 
the  practical  firemen,  who  are  ignorant  of  all  science,  gen- 

i  erally  produce  better  ^gsults  than  "  them  literary  fellers" 

1   can. 

Some  mechanical  engmeers  build  their  fire-boxes  with 
many  holes  in  the  sides  of  the  fire-boxes  to  admit  air.  The 
firemen  plug  them  up,  and  find  that  their  engines  make 
steam  better  then  they  did    with  the  holes  open.     The 

1  chemist  teaches  that  the  production  of  black  smoke  is  a 
great  waste  of  fuel.  The  fireman  will  tell  you  that  he 
likes  to  see  it  roll  out  of  the  chimney,  because  that  shows 
that  "  she  will  do  her  work.' 

The  fact  is  that  our  knowledge  of  chemistry  has  not 
helped  us  much  in  burning  fuel.  There  are  some  mechani- 
cal principles  involved  in  the  process,  which,  to  a  very 
great  extent,  determine  whether  the  chemical  combinations 
which  occur  during  combustion  will  be  complete  or  not. 
It  is  only  lately  that  these  have  been  understood  and  rec- 
ognized. Some  of  them  were  very  clearly  explained  in 
a  paper  read  before  the  Iron  and  Steel  Institute  by  Mr. 
Frederick  Siemens  in  1884,  and  afterward  in  a  discussion 
by  the  same  distinguished   authority  of  another  paper. 

!  His  remarks  will  be  quoted  at  some  length,  because  his  ex- 
planation of  what  may  be  called  the  mechanical  theory  of 
combustion  would  be  certain  to  lose  in  clearness  if  put 
into  other  language.  In  the  paper  referred  to  the  dis- 
tinguished author  said  : 

It  can  be  easily  shown  that  when  flame  is  brought  into  contact  with  any 
solid  body,  it  is  more  or  less  quenched,  according  to  the  substance,  size 
and  temperature  of  the  body.  A  very  simple  experiment  in  proof  of  this, 
and  one  which  is  familiar  to  most  people  is  the  following :  Take  any 
ordinary  illuminating-gas  flame,  such,  for  instance,  as  a  batswing,  and 
place  a  glass  rod  or  tube  into  the  middle  of  it ;  the  flame  will  immediately 
burn  dull,  and  a  large  quantity  of  lamp-black  will  be  deposited  on  the 
piece  of  glass.  This  action  is  most  marked  when  the  rod  is  cold,  but  takes 
place,  though  in  a  less  degree,  at  any  temperature,  for  the  reason  that  the 
material  to  be  heated  is  necessarily  always  at  a  lower  temperature  than 
the  flame,  also  owing  to  the  disturbance  in  the  combustion  caused  by  con- 
tact of  the  solid  substance  with  the  flame.  I  hope  shortly  to  treat  this  sub- 
ject more  fully  from  a  physical  point  of  view  ;  but  the  experiments  I  have 
made  establish  the  following  most  important  fact,  namely,  that  a  good 
flame,  or  in  other  words,  perfect  combustion,  can  only  take  place  in  an 
open  space  or  in  one  of  sufficiently  laige  size  to  allow  the  gases  to  bum  out 
of  contact  with  solid  material.     ♦     *    *     * 

When  it  is  considered  that  the  temperature  of  the  water  in  a  boiler  work- 
ing at  60  lbs.  pressure  on  the  square  inch  is  only  311"  Fahr.,  whilst  the 
temperature  of  gaseous  flame  may  be  taken  at  4,000"  Fahr.,  it  will  readily 
be  perceived  what  a  quenching  effect  the  metal  of  the  boiler,  which  is  of 
course  at  the  temperature  of  the  water,  has  upon  the  flames.  In  this  case 
the  principle  has  been  followed  of  letting  the  active  flame  consume  itself  in 
the  open  space  of  the  tube  without  allowing  it  to  touch  the  sides  until  after 
complete  combustion  may  be  brought  into  direct  contact  with  solid  bodies. 
By  such  an  arrangement,  complete  and  smokeless  combustion  is  obtained, 
with  the  result  of  longer  life  to  the  boiler,  the  sides  of  which  more  rapidly 
deteriorate  through  direct  contact  with  the  flame  than  from  any  other 
cause.  As  the  heat  of  the  flame  which  is  not  transmitted  by  radiation 
comes  after  complete  combustion  into  direct  contact  with  the  sides  or  flues 
of  the  boiler  and  its  regenerators,  it  is  completely  utilized,  and  a  saving  of 
fuel  to  the  extent  of  25  per  cent,  is  secured  by  this  method  of  heating. 

The  results  obtained  in  actual  practice  show  that  there  can  be  no  doubt 
that  almost  all  heating  appar.itus  used  in  the  arts,  in  which  direct  contact 
of  flame  with  the  substances  treated  is  not  necessary  for  chemical  reasons, 
will  be  materially  improved  by  the  application  to  them  of  the  principle  of 
transmitting  the  heat  of  flame  by  radiation  only,  while  the  heat  of  the  com- 
pletely burnt  products  of  combustion  is  better  utilized  by  contact. 

Complete  combustion  of  the  fuel  is  ensured  by  this  method  of  heating,  and 
it  will  therefore  entirely  abolish  the  smoke  nuisance.  Smoke  is  never  formed 
when  combustion  is  complete,  being  always  caused  by  flame  coming  into 
contact  with  solid  bodies,  the  process  of  combustion  being  thereby  checked. 
This  is  for  instance,  the  reason  why  brick-kilns  generally  smoke  so  abom- 
inably, for  in  them  scarcely  developed  flame  is  forced  to  impinge  immediate- 
ly on  cold  bricks  and  can  therefore  only  act  in  a  very  incomplete  and  un- 
economical way.     The  author  has   frequently  made 
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regard  to  regenerative  furnaces,  that  a  short  combustion  chamber  invari- 
ably gives  ver>'  unsatisfactory  results,  and  accounts  for  it  by  the  fact  that 
the  flame  is  hardly  formed  before  it  has  to  pass  through  the  outlet  ports 
and  into  the  chequer  work  of  the  regenerators,  where  its  combustion  is 
checked  and  smoke  is  formed  inconsequence.  To  work  well,  a  brick  or 
pottery-kiln  should  be  so  built  th.-it  the  llame  can  burn  itself  out  in  a  free 
space  before  being  brought  into  contact  with  the  bricks  or  pottery.  Zinc- 
distilling  furnaces,  and  in  fact  all  furnaces  in  which  muffles,  tubes,  cruci- 
bles and  other  vessels  are  used,  will  in  the  same  way  be  much  more 
lically  worked  on  this  new  principle.    »    »    *    * 


There  were  several  ways  of  saving  fuel ;  one  was  by  good  combustion  ; 
a  second  was  by  increasing  the  intensity  or  temperature  of  the  flame  ;  and 
another  was  by  utilizing  the  heat  of  radiation.  If  the  flame  was  allowed 
to  touch  the  sides  of  a  boiler,  there  would  naturally  be  sr-oke  on  its  inner 
surfaces,  and  the  radiant  heat  of  the  flame  not  being  able  to  penetrate  such 
an  atmosphere  of  smoke,  the  boiler  could  not  gain  the  advantage  of  it. 
Hence  the  necessity  not  only  of  perfect  combustion  in  the  first  instance, 
but  that  the  flame  should  be  maintained  clear  and  bright.  Then,  again,  as 
regards  the  production  of  a  higher  temperature  in  the  flame,  not  only  was 
the  radiation  increased  thereby,  but  more  heat  could  be  abstracted  by  con- 
tact from  the  products  of  combustion.  There  were,  therefore,  several 
causes  combining,  each  of  which  contributed  to  effect  a  saving,  and  35  per 
cent,  and  more  could  be  easily  gained  if  proper  arrangements  were  made. 
With  the  boilers  which  were  in  use  at  the  author's  glass  works  at  Dresden, 
and  at  other  works  in  Germany,  there  was  an  average  saving  of  25  per 
cent,  over  boilers  formerly  heated  by  gas  on  the  non-radiation  principle, 
so  that,  incjmparison  with  boilers  heated  by  direct  flame,  bethought  there 
should  be  a  still  greater  saving.  It  was  necessary,  however,  to  work  the 
boiler  continuously,  for  it  was  only  worked  in  the  daytime  and  stopped  at 
night.  The  saving  effected  by  the  use  of  gaseous  fuel  was  not  so 
great.    *    *    *    * 

He  might  have  commenced  by  tracing  the  action  within  a  flame  from  its 
beginning  to  its  end,  from  the  moment  the  gases  met  until  combustion  was 
perfect  and  even  further  until  the  heat  had  been  fully  abstracted  from  the 
products  of  combustion.  If  flame  was  traced  in  that  way,  it  would  be 
found  to  pass  through  various  successive  stages  materially  differing  from 
one  another.  There  were,  as  he  had  shown  in  the  paper,  two  special  stages 
which  required  quite  different  development  and  treatment.  The  first 
stage  was  that  of  active  combustion,  the  essentially  chemical  process  by 
which  all  heat  was  produced.  The  second  stage  was  after  combustion 
had  been  completed,  and  the  products  of  combustion  alone  had  to  be  dealt 
vfith,  which  contained  the  greatest  portion  of  the  heat  produced  during  the 
first  stage  or  that  of  combustion.  Now  these  two  stages  were  so  entirely 
different  that  it  was  quite  reasonable  that  they  should  be  separately  and 
differently  treated,  and  should  not  be  considered  as  one,  as  had  been  in- 
variably done  hitherto.  It  was  necessary  to  treat  the  flame  according  to 
its  stage,  and  it  had  been  one  of  the  objects  of  his  paper  to  detail  that  in  a 
practical  way.  He  had  stated  that  in  the  first  stage,  that  is,  in  that  of 
chemical  action,  the  flame  ought  to  be  allowed  free  space  within  which  to 
burn  ;  it  should  not  be  interfered  with  by  surfaces  of  any  kind  and  it  should 
be  allowed  freely  to  radiate  out  its  radiant  heat.  In  the  second  or  neutral 
stage,  the  products  of  combustion  had  very  little  power  of  radiation,  and 
as  they  did  not  injure  surfaces  upon  which  they  impinged,  they  should  be 
brought  into  contact  with  the  surfaces  to  be  heated  for  the  purpose  of  ab- 
stracting their  heat.  He  need  not  say  any  more  upon  this,  because  it  had 
been  clearly  stated  in  the  paper  ;  but  what  he  might  speak  about  was  the 
scientific  theory  which  explained  why  combustion  was  interrupted  when 
the  flame  met  with  solid  surfaces,  and  why  the  solid  surfaces  themselves 
suffered  so  much,  not  from  the  heat  of  the  flame,  but  from  the  action  of 
the  flame  ;  and  why,  further,  the  flame  had  such  power  of  radiation  in  its 
first  stage  and  so  little  in  its  second.  These  were  all  questions  that  could 
be  answered  by  accepting  one  or  other  of  the  theories  of  combustion. 
There  had  been  various  theories  proposed,  but  it  was  agreed  in  all  these 
theories  that  the  flame  or  the  gases  in  combustion  forming  the  flame  were 
violently  e.xcited ,  and  that  the  molecules  of  gas  were  rotating  around  one  an- 
other, or  were  in  motion  of  some  kind.  Bethought  the  electric  theory  had 
the  best  chance  of  being  the  right  one,  and  he  would  accept  it  because  i^ 
explained  all  these  occurrences.  According  to  the  electrical  theory,  a  flame 
consisted  of  explosions  of  lightning  very  numerous  and  very  minute.  In 
accepting  this  theory,  it  was  at  once  evident  why  a  solid  body  brought  mto 
such  a  flame  would  obstruct  its  action,  such  solid  body  ha\'ing  the  effect  of 
arresting  the  motion  of  the  gas  by  attraction  and  adhesion.  Consequently, 
the  gases  which  w^ere  supposed  to  revolve  were  obstructed  in  their  motion, 
and  not  being  able  to  move,  combustion  could  not  continue,  at  least  in 
those  parts  nearest  to  the  opposing  surfaces.  The  consequence  was  that 
there  was  less  intense  heat,  and  that  smoke  was  produced  instead, 
enveloping  the  obstructing  surfaces ;  and  so  radiation  could  not 
act,  because  it  could  not  penetrate  the  cloud  of  smoke  in  which  the  flame 
was  enveloped.  Then,  as  regarded  the  action  of  the  flame  on  any  body,  it 
was  quite  natural  to  e.xpect  that  if  flame  was  composed  of  innumerable 
flashes  of  lightning,  no  body  exposed  to  it  could  withstand  its  action  for 
any  length  of  time  ;  and  hence  it  was  that  bodies  were  so  soon  destroyed 
when  exposed,  as  one  gentleman  had  described  it,  to  the  "  cutting  action 
of  the  flame."  The  flame  in  the  first  stage  being  composed  of 


lightning  explosions  accounted  also  for  its  radiant  power.  A  flame 
radiated  much  better  than  a  solid  surface.  A  solid  surface  radiated  only 
from  its  outer  surface,  and  from  that  surface  only  toward  one  direction, 
while  a  flame  radiated  from  every  point  within  it,  and  on  its  surface  in 
every  direction  or  from  every  point  within  it  and  on  its  surface  in  every 
direction  or  from  every  point  of  its  entire  volume  toward  every  direction. 
The  Argand  burner  would  serve  as  an  illustration  of  a  hollow  flame,  the 
light  radiating  outward,  not  only  from  the  outer  surface,  but  from  the 
inner  surface  through  the  flame  itself ;  the  heat  and  light  obeyed  the  same 
law  in  this  respect.  If  the  area  of  a  flame  was  doubled  it  would  radiate 
four  times  as  much  as  originally  ;  whilst  a  solid  body,  if  doubled  in  area, 
would  radiate  only  twice  as  much  as  before  That  only  accounted  for  the 
employment  of  such  a  large  volume  of  flame  in  applying  radiation  ;  in  fact, 
it  could  not  be  made  too  large  from  an  economical  point  of  view,  because 
the  radiation  from  a  boiy  of  flame  increased  in  a  much  greater  proportion, 
than  the  increase  in  its  volume.  In  the  second  stage  of  the  flame  where  no 
chemical  action  was  going  on,  there  was  also  no  free  carbon  to  emit  heat 
by  its  incandescence,  and  it  was  therefore  natural  that  there  should  be  little 

As  Stated  by  the  distinguished  author  of  the  paper 
quoted  from,  his  experiments  have  established  the  fol- 
lowing most  important  fact,  namely,  "  that  a  good  flame, 
or  in  other  ivords  perfect  comluistion,  can  only  take  place 
in  an  open  space,  or  in  one  of  sufflcientfy  large  size  to 
allow  the  gases  to  burn  out  of  contact  with  solid 
material."  This  being  established,  it  is  an  important 
advance  in  our  knowledge  of  the  conditions  which 
must  e.\ist  to  produce  perfect  combustion.  It  has  long 
been  known,  that  the  temperature  of  flame  is  very  high 
— 4,000  deg.  Fah.  Mr.  Siemens  says— and  that  when  it  is 
reduced,  combustion  ceases.  For  this  reason,  tire-brick 
has  been  used  a  good  deal  in  boiler  furnaces  in  the  form 
of  brick-ashes  and  otherwise,  because  it  does  not  conduct 
the  heat  away  from  the  fire  as  rapidly  as  plates  do  which 
are  in  contact  with  water.  Mr.  Verderber,  a  Hungarian 
engineer,  some  years  ago,  experimented  with  a  locomo- 
tive boiler,  the  fire-box  of  which  was  lined  with  fire- 
brick and  which  had  no  water  spans  at  all  around  the 
fire  ;  the  object  being  to  maintain  a  high  temperature  and 
thus  produce  more  perfect  combustion.  The  experiments 
of  Mr.  SieiTiens  show  that  not  only  is  a  high  temperature 
essential,  but  that  "  when  flame  is  brought  into  contact 
with  any  solid  body  it  is  more  or  less  quenched."  The 
inference  which  may  fairly  be  drawn  from  these  consider- 
ations is  that  combustion  should  be  carried  on  in  a  fire- 
box whose  sides  consist  of  some  non-conducting  material 
and  that  the  fire  should  come  in  contact  with  these  sides 
as  little  as  possible,  that  is,  that  the  flame  should  have 
"  free  space."  This  means  that  the  fire-box  should  be 
large,  and  if  it  was  made  of  a  spherical  or  cubical  form  its 
sides  would  present  the  least  surface  to  the  fire.  Here 
the  practical  men  have  again  been  ahead  of  the  theorists, 
as  the  old-fashioned  "egg-shaped  stove,"  for  burn- 
ing bituminous  coal,  fulfills  all  of  the  above  condi- 
tions. 

Of  course  a  fire-box  without  heating  surface  would  not 
generate  any  steam,  and  all  the  heat  from  the  fire  would 
be  transmitted  to  the  water  in  the  tubes.  As  they  would 
then  have  more  work  to  do,  it  would  be  essential  that 
the  amount  of  heating  surface  in  them  should  be  in- 
creased. This  could  be  done  by  adding  to  their  number 
or  to  their  length,  or  by  adopting  ribbed  boiler-tubes, 
such  as  were  illustrated  in  the  last  number  of  the 
Journal. 

These  considerations  then  suggest  that  a  locomo- 
tive boiler  with  a  large  fire-box,  approximating  as  nearly 
to  a  cubical  form  as  practicable,  lined  with  fire-brick, 
and  with  a  small  open  grate  and  an  increased  flue  area, 
would  be  more  economical  than  the  boilers  now  in  use. 
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NEW  PUBLICATIONS. 

Tech.vology  Quarterly  :  Vol.  I,  No.  I.  Issued  from 
the  Massachusetts  Institute  of  Technology,  Boston. 

This  new  magazine  is  intended  to  represent,  as  far  as 
possible,  all  the  departments  of  the  Massachusetts  Insti- 
tute of  Technolojiy,  and  is  published  by  a  board  of  editors 
chosen  from  the  Senior  and  Juniorclassesof  the  Institute. 
Its  object,  as  stated  in  the  introductory  number,  is  to 
preserve  the  results  of  original  investigations  made  by 
students  in  the  course  of  their  work,  and  it  is  also  expect- 
ed that  the  articles  of  this  class  will  be  supplemented  by 
contributions  from  the  Alumni  of  the  Institute.  The 
student  contributions,  however,  are  to  form  the  basis  of 
the  work. 

It  is  probable  that  there  will  be  little  or  no  difficulty 
in  securing  material  enough  for  a  very  creditable  quar- 
terly on  this  basis.  This  first  number  contains  contribu- 
tions from  the  departments  of  civil,  mechanical  and 
electrical  engineering,  chemistry  and  natural  history, 
covering  a  very  extended  field. 

BOOKS   RECEIVED. 

The  Relations  of  Railroad  Managers  and  Em- 
ployes; BY  Dr.  W.  T.  Barnard.  Baltimore;  Press  of 
the  Employes'  Relief  Association. 

Fifth  Annual  Report  of  the  Baltimore  &  Ohio 
Employes'  Relief  Association  ;  S.  R.  Barr,  Secre- 
tary.    Baltimore;  issued  by  the  Association. 

Special  Report  of  the  Massachusetts  Railroad 
Commissioners  to  the  Legislature  on  the  Disaster 

ON  THE  DeDHAM  BRANCH  OF  THE  BOSTON  &  PROVI- 
DENCE Railroad.  Boston  ;  State  Printers.  This  is  the 
report  of  the  Commission  on  the  Bussey  Bridge  Accident 
of  March  14,  and  is  referred  to  elsewhere. 

Statistics  of  the  Ajierican  and  Foreign  Iron 
Trades  for  1886;  Annual  Statistical  Report  of 
THE  American  Iron  &  Steel  Association  ;  James  M. 
Swank,  Manager.  Philadelphia;  issued  by  the  Asso- 
ciation. This  report,  as  usual,  contains  much  valuable 
statistical  information,  some  of  which  we  have  already 
made  use  of  elsewhere. 

The  American  Ephemerisand  Nautical  Almanac; 
1887.  Washington  ;  issued  by  the  Bureau  of  Navigation, 
Navy  Department. 

Selected  Papers  of  the  Civil  Engineers'  Club  of 
the  University  of  Illinois;  1885-S6  and  1S86-S7. 
•Champaign,  111.;  issued  by  the  Club.  This  contains  papers 
read  before  the  Club  on  Economical  Specifications  ;  Top- 
ographical Surveying ;  Street  Pavements  ;  Wind  Press- 
ure ;  City  Engineers'  Work  ;  Breakwaters  at  Chicago  ; 
Water  Supply  for  Cities ;  Mountain  Railroad  Location 
and  Hints  to  Students  on  the  Education  of  an  Engineer. 
The  last-named  paper  is  by  Professor  Baker  ;  the  others 
are  by  student  members  of  the  Club  and  show  evidences 
of  creditable  work. 

Transactions  of  the  Institution  of  Civil  Engi- 
neers of  Ireland  ;  Fifty-first  Session.  Dublin ; 
printed  for  the  Institution. 

Proceedings  of  the  United  States  Naval  Insti- 
tute :  Volume  XIII,  Number  i.  Annapolis,  Md.;  pub- 
lished by  the  Institute. 

United  States  Geological  Survey  ;  Monograph 
X.  Dinocerata.     Bv  O.  C.  Marsh. 


Bridge  Disasters  in  America.  The  Cause  and 
THE  Remedy.  By  Professor  George  L.  Vose.  Boston ; 
Lee  &  Shepard,  Publishers. 

Proceedings  of  the  General  Time  Convention  : 
Held  at  the  Hotel  Brunswick,  New  York,  April  13  and  14, 
1887.    W.  F.  Allen,  Secretary. 

The  Official  Railway  Llst  for  1887.  Chicago; 
published  by  the  Railway  Purchasing  Agent  Company. 
This  an  exceedingly  useful  publication,  containing  a  direc- 
tory of  the  railroads  of  the  United  Slates  and  Canada, 
with  the  names  and  addresses  of  the  officers,  including 
those  of  the  engineer  and  mechanical  departments.  It  is 
of  convenient  size  and  well  adapted  for  a  place  on  the 
desk. 

Light  on  the  Law:  A  Reference  Book  on  the 
Act  to  Regulate  Com.merce.  The  Railway  Age  Pub- 
lishing Company,  Chicago.  This  is  a  convenient  hand- 
book, containing  the  new  Inter- State  Commerce  Law, 
with  much  collateral  matter  intended  to  throw  light  on 
its  provisions.  This  collateral  matter  includes  the  Reagan 
and  Cullom  bills  as  originally  presented  to  Congress;  a 
summary  of  the  debates  in  Congress  which  preceded  the 
enactment  of  the  law  ;  opinions  of  Mr.  Albert  Fink  and 
others  on  the  iaw ;  the  organization  and  first  official 
actions  of  the  Commission.  It  is  illustrated  by  portraits 
of  the  five  Commissioners. 

Natural  Principles  Regulating  Railway  Rates; 
BY  Gerrit  L.  Lansing.  Chicago  :  the  Railway  Age  Pub- 
lishing Company. 

Record  of  Transportation  Lines  owned  and 
operated  by  and  associated  in  Interest  with  the 
Pennsylvania  Railroad;  1886.  This  statement  or  re- 
port, issued  yearly  by  the  company,  shows  that  on  Decem- 
ber 31  last,  the  lines  of  the  company  were  in  all  7,404.37 
miles  in  length,  having  1 1,720.39  miles  of  track  ;  an  increase 
of  116.42  miles  of  road  and  270,62  miles  of  track  in  1886. 
Of  these  lines  4,415.44  miles  were  included  in  the  Eastern 
system,  east  of  Pittsburgh  and  Erie,  and  3,249.93  miles 
were  west  of  Pittsburgh. 

The  Fames  Vacuum    Brake    Company  ;    Freight 
Brake  Catalogue.     Issued  by  the  Company;  office  in 
I    Boston,  works  at  Watertown,  N.  Y. 

Descriptive  Catalogue  of   Railroad  Switches, 
j    Frogs,  Crossings,  etc.;   Pennsylvania  Steel  Com- 
pany.   Steelton,  Pa. 

Bolts,  Nuts,  and  Screws  :  Trump  Brothers  Ma- 
chine Company.    Wilmington,  Del. 


OBITUARY. 

Mr.  Peter  Emslie,  who  died  in  Buflfa'o,  N,  Y.,  May  8, 
aged  72  years,  was  a  civil  engineer  who  was  for  many 
years  connected  with  the  Lake  Shore  &  Michigan  South- 
ern road.  He  designed  some  very  fine  masonry  structures 
— culverts  and  bridges— for  the  road,  and  was  very  much 
interested  in  this  branch  of  his  work.  Some  years  ago  he 
had  charge  of  the  building  of  the  State  Insane  Asylum  at 
Buffalo.     He  retired  from  active  work  a  few  years  ago. 

Proffessor  William  Ashburner,  who  died  in  San 
Francisco,  April  20,  was  a  mining  engineer  of  high  stand- 
ing and  wide  reputation.  He  was  born  in  Stockbridge 
Mass.,  in  1S31,  and  after  the  usual  school  course,  passed 
two  years  in  the  Lawrence  Scientific  School  of  Harvard 
College  and  three  years  at  the  Ecole  des  Mines  in  Paris, 
where  he  graduated  in  1S54.  On  returning  to  this  coun- 
try he  devoted  some  time  to  an  examination  of   the  Lake 
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Superior  mineral  region.  In  1859,  he  was  engaged  in 
some  explorations  in  the  island  of  Newfoundland.  In 
i860,  he  went  to  California  as  assistant  to  Professor  J.  D. 
Whitney.  Director  of  the  Slate  Geological  Survey.  From  [ 
1862  to  1883  he  was  engaged  as  a  consulting  mining  en- 
gineer, his  work  talcing  him  not  only  to  various  parts  of 
the  United  States,  but  to  British  Columbia,  Mexico, 
South  America  and  even  to  Asia.  In  1S74  he  was  made 
Professor  of  Mining  in  the  University  of  California,  and 
subsequently  Honorary  Professor.  He  held  various  offices 
of  trust  in  California,  having  served  as  Commissioner  of 
the  Yosemite  Valley,  Regent  of  the  University,  a  trustee 
of  the  School  of  Mechanical  Arts  and  atrusteeof  the  new 
Stanford  University.  He  was  an  active  member  of  the 
California  Academy  of  Sciences  and  of  other  technical 
societies  on  the  Pacific  Coast,  and  had  many  friends. 

Mr.  Franklin  A.  Comlv,  for  many  years  prominent 
in  Philadelphia  from  his  control  of  extensive  coal  and 
iron  interests,  died  at  his  home,  at  Fort  Washington,  Pa., 
April  23.  He  was  born  in  1813  on  tlie  Pennypack  at  the 
place  now  as  known  as  Betliayres,  his  parents  being  mem- 
bers of  the  Society  of  Friends.  After  passing  through 
the  schools  in  the  vicinity  he  received  a  higher  education 
in  an  academy  in  Philadelphia,  and  then  went  into  the 
hardware  business,  first  as  a  clerk  and  afterward  as  a 
partner  of  the  old  house  of  Parrish  &  Co  In  1844,  Mr. 
Comly  became  connected  with  the  mining  and  shipping 
of  coal,  and  was  elected  President  of  the  Buck  Mountain 
Coal  Company,  whose  mines  were  situated  in  what  is  now 
Carbon  County,  Pa.  In  January,  1857,  he  was  chosen 
President  of  the  North  Pennsylvania  Railroad  Company, 
as  the  successor  of  the  late  Hon.  John  Welsh,  and  has 
filled  the  office  ever  since.  He  was  also  President  of  the 
Longdale  Iron  Company,  of  Virginia,  and  of  the  Ouinni- 
mont  Coal  &  Iron  Company,  of  West  Virginia  ;  Treasurer 
of  the  Andover  Iron  Company,  of  Phillipsburg.  N.  J.,  of 
which  he  was  one  of  the  incorporators,  and  director  of  the 
Glendon  Iron  Company,  --f  Easton,  Pa.;  the  Allentown 
Rolling  Mills  ;  the  East  Broad  Top  Railroad  Company  ; 
the  Cranberry  Iron  &  Coal  Company,  of  North  Carolina  ; 
the  East  Tennessee  &  Western  North  Carolina  Railroad 
Company;  the  Hibernia  Mine  Railroad  Company;  the 
Pennsylvania  Fire  Insurance  Company  ;  the  Long  Branch 
Railroad  Company;  the  Northeast  Pennsylvania  Railroad 
Company,  and  the  Delaware  &  Bound  Brook  Railroad 
Company.  He  was  also  formerly  a  director  of  the  Phila- 
delphia &  Reading  and  the  New  Jersey  Central  railroads. 
The  deceased  was  unmarried  ;  he  leaves  a  considerable 
estate. 

W.  C.  DePauw,  one  of  the  best  known  manufacturers 
in  the  West,  died  in  Chicago,  May  5,  having  been  stricken 
with  apoplexy  while  visiting  that  city  on  business.  Mr. 
DePauw  was  a  resident  of  New  Albany,  Ind.,  whose 
manufacturing  industries  were  largely  built  up  by  him. 
He  was  born  at  Salem,  Ind.,  in  1S21.  His  father  was  not 
able  to  give  his  son  much  of  a  start  in  life,  however,  but 
left  him  to  become  the  architect  of  his  own  fortune.  In 
1844,  when  he  was  a  poor  man,  he  was  elected  Clerk  of 
the  Courts  of  Washington  County,  and  from  his  savings 
in  office  he  laid  the  foundations  of  his  wealth.  He  en- 
tered the  banking  business  in  1S54  and  became  President 
of  the  Bank  of  Salem.  In  1861  he  removed  to  New 
Albany,  and  became  one  of  the  heaviest  contractors  for 
army  supplies  in  the  West.  He  erected  the  large  plate- 
glass  factory  at  New  Albany,  and  under  most  dis- 
couraging circumstances  succeeded  in  establishing  the 
business,  which  was  new  in  this  country,  on  a  firm  basis. 
Subsequently  he  became  interested  in'  the  New  Albany 
Rail  Mill  Company  and  the  Ohio  Falls  Iron  Works,  as  well 
as  in  woolen  and  cotton  mills, foundries  and  other  manufac- 
tories at  that  point.at  Louisville  and  at  Indianapolis,  being 
a  large  stockholder  in  the  Indianapolis  RoUingMill  Com- 
pany. He  continued  his  connections  with  the  banking 
business,  and  at  his  death  was  interested  in  a  number  of 
banks  in  Indiana  and  at  Louisville  and  Chicago.  Born  and 
reared  in  Indiana,  and  residing  there  during  the  whole 
of  his  life,  he  was  probably  its  wealthiest  citizen  when  he 
died.     He  was  also  its  most  liberal  citizen,  having   given 


large  sums  in  charity  and  for  religious  and  educational 
purposes.  His  donations  to  the  Methodist  Church 
amount  to  $1,000,000,  and  his  will  provides  for  a  bequest 
of  not  less  than  $1,500,000  to  De  Pauw  University,  at 
Greencastle,  Ind.,  to  which  institution  he  had  already 
given  over  $300,000.  His  sons,  who  will  have  the  manage- 
ment of  his  large  estate,  have  been  carefully  trained  to 
business. 


Contributions. 


Admirable  Railroading. 

To  the  Editor  of  the  Railroad  and  Engineering  Journal  : 

An  observer  who  can  appreciate  the  difficulties  which 
have  to  be  surmounted  in  order  to  make  two 
trains  starting  from  diflferent  places  reach  a  com- 
mon center  at  almost  exactly  the  same  moment  of  time, 
and  roll  into  a  depot  side  by  side,  cannot  but  be  impressed 
with  the  accuracy  and  precision  which  characterizes  the 
operation  of  the  trains  on  some  of  our  great  railroad  sys- 
tems. The  writer  was  so  impressed  with  the  exactness  of 
time  of  two  trains,  starting  from  widely  divergent  points, 
and  yet  reaching  their  destination  at  the  same  time  with 
an  accuracy  bordering  almost  on  perfection,  that  he  can- 
not help  but  give  it  for  the  benefit  of  the  readers  of  the 
Journal.  This  occurred  on  Sunday,  May  22,  when  the 
Little  Miami  train,  which  leaves  Louisville,  Ky.,  by  the 
Louisville  &  Nashville,  at  2:30  a.  m.,  and  the  train  leaving 
St.  Louis,  by  the  Vandalia  Line,  at  8  P.  m.  the  night  be- 
fore, entered  the  arches  of  the  Union  Depot,  in  Columbus, 
O.,  with  the  points  of  their  pilots  not  more  than  15  in. 
apart.  To  see  these  two  trains  with  engines  of  the  same 
class,  cars  of  the  same  kind  and  both  arriving  at  the  same 
time,  is  indeed  a  thing  that  must  be  admired  by  any  one 
who  can  appreciate  and  realize  what  a  grand  thing  rail- 
roading is  at  this  time.  These  trains,  with  their  sleeping 
and  parlor  cars,  are  consolidated  into  one  train  and  run 
on  to  their  destination,  which  is  New  York. 

OliSERVER. 

GEODETIC    WORK    IN    THE    UNITED   STATES. 

IV.   THE   U.    S.   COAST  AND    GEODETIC   SURVEY. 
BY    PROF.  J.    HOWARD   GORE. 

As  the  ideas  of  a  people,  as  well  as  those  of  an  indi- 
vidual, are  strengthened  and  improved  by  contact  and 
association,  each  nation  has  advanced  and  enlarged  its 
interests  by  communication  with  other  nations,  or  dwarfed 
them  by  confinement,  so  that  one  might  take,  as  the  ex- 
ponent of  a  nation's  prosperity,  the  amount  of  wealth  that 
is  going  to  and  fro  on  its  high  seas.  And  though  for 
many  years  after  the  arrival  of  the  first  settlers  in  America 

[  the  attention  of  her  people  was  feverishly  directed 
toward  the  discovery  and  development  of  her  resources, 

I  still  the  dependence  upon  the  parent  lands  for  those 
articles  which  the  new  enterprises  failed  to  supply,  the 

i  alluring  call  for  recruits  and  their  prompt  responses,  were 
such  as  to  put  into  action  a  maritime  intercourse  that  has 
grown  with  each  passing  year.  And,  while  growing,  the 
shores  which  bound  our  most  frequented  ports  were  again 

'  and  again  strewn  with  wrecks — each  a  sad  commentary 
upon  the  ignorance  regarding  the  shoals,  reefs  and 
dangerous  shore-lines.     In  order  to  diminish  the  dangers 

,    to  which  a  ship  and  her  cargo  are  subjected,  every  Euro- 


Vol.  LXI,  No.  6.] 


ENGINEERING    JOURNAL. 


24& 


pean  country  having  a  foreign  commerce  at  stake  has 
instituted  an  accurate  survey  and  delineation  of  its 
entire  ocean  boundary,  not  only  as  to  its  apparent  outline, 
but  also  as  to  the  character  of  the  soundings  leading  into 
deep  water.  Although  the  successful  prosecution  of  such 
works  involve  enormous  outlays,  still  the  assuring 
thought  comes  that  the  loss  of  all  the  vessels  bound  for  a 
single  port  within  one  year  would  more  than  balance  the 
entire  e.xpense. 

The  first  appeal  to  our  general  government  for  assist- 
ance in  carrying  on  a  survey  of  the  coast  came  from 
Messrs.  Parker,  Hopkins  and  Meers,  who,  in  the  latter 
part  of  the  past  century,  made  the  necessary  observations 
and  examinations,  and  collected  all  the  data  requisite  for 
a  chart  of  the  coast  of  Georgia,  from  St.  Marys  to 
Savannah,  together  with  its  harbors,  rivers  and  inland 
navigation.  In  doing  this,  they  exhausted  their  resources; 
they  then  petitioned  Congress  to  appropriate  $3,oco  to 
enable  them  to  engrave  their  charts.  This  petition 
was  referred  to  a  committee  who,  in  a  report  submitted 
February  27,  1795,  expressed  an  opinion  favoring  the 
work  in  general,  but  without  a  promise  of  the  acceptance 
of  this  special  proposition.  The  conclusion  of  this  report 
was  a  series  of  resolutions,  the  first  being  :  "  That  the 
President  of  the  United  States  be  requested  to  obtain,  as 
soon  as  possible,  complete  charts  made  out  from  actual 
survey  and  observation  of  the  sea  coast,  from  St. 
Mary's  River,  in  Georgia,  to  Chesapeake   Bay,  inclusive, 

and  that dollars  be  appropriated    for  that  purpose." 

The  other  resolutions  suggested  that  the  work  be  done 
State  by  State,  that  results  already  collected  might  be 
purchased,  that  revenue  cutters  be  employed  as  far  as 
possible,  etc.  This  report  was  referred  to  another  com- 
mittee, who  made  a  report,  on  December  29  of  the  same 
year,  which  was  almost  identical  with  the  first  as  to 
preamble  and  the  first  resolution  quoted  above,  but 
nothing  further  was  recommended  as  to  the  ways  and 
means  by  which  the  survey  was  to  be  prosecuted.  These 
memorialists,  either  because  of  their  interest  in  the  work 
or  their  desire  to  be  reimbursed  for  the  outlay  they  had 
already  made,  were  not  discouraged  at  the  failures  so  far 
experienced,  but  secured  further  consideration  of  their 
petition,  this  time  by  the  Committee  on  Commerce  and 
Manufactures.  This  committee,  on  May  14,  1796.  recom- 
mended :  "  That  the  President  of  the  United  States  be 
requested  to  procure  such  accurate  charts  of  the  Atlantic 
coast  of  the  United  States,  including  the  bays,  sounds, 
harbors  and  inlets  thereof,  as  have  been  made  from 
actual  observation  and  survey  ;  and  that,  in  all  those  parts 
of  which  no  actual  survey  has  been  made,  or  where  the 
same,  in  his  opinion,  be  inaccurately  done,  he  be  requested 
to  employ  proper  persons  to  survey  and  lay  down  the 
same,  and  to  order  the  revenue  cutters  of  the  United 
States  on  that  service,  whenever,  in  his  judgment,  it  can, 
without  inconvenience  to  the  public,  be  done."  There 
was  another  resolution  providing  that,  whenever  the  work 
of  any  person  or  persons  was  accepted,  compensation 
should  be  tendered,  together  with  the  right  and  privilege 
that  the  maker  publish  the  charts  and  hold  the  copyright 
to  them.  Although  this  method  of  carrying  on  the 
survey  of  the  coast  was  never  put  into  practice,  nor 
Messrs.  Parker,  Hopkins  and  Meers  ever  recompensed  for 
the  work  they  did,  this  petition  was  unquestionably  the 
first  public  expression  of  the  needs  for  a  coast  survey. 

The  next  step  taken  in  this  direction  was  the  outcome 


of  a  suggestion  of  the  Committee  on  Commerce  and 
Manufactures,  in  its  report  made  February  27,  1806,  upon 
the  expediency  of  making  a  survey  of  the  shoals  of  Cape 
Hatteras,  Cape  Lookout  and  the  Frying  Pan.  The  signi- 
ficant clause  was:  "The  Committee  are  fully  apprised 
of  the  importance  of  having  accurate  surveys  of  the 
whole  American  coast,  and  they  ardently  hope  that 
Congress  will,  at  the  next  session,  direct  a  complete 
examination  to  be  made  of  it,  from  the  St.  Croix  to  the 
Mississippi,  and  to  the  extreme  southwestern  part  of 
Louisiana  in  the  Gulf  of  Mexico,  including  all  our  valu- 
able harbors,  bays  and  inlets,  and  we  ought  not  any 
longer  to  rely  on  foreign  charts  for  a  knowledge  of  our 
own  coast,  when  errors  and  omissions  of  great  magnitude 
are  known  to  exist  in  by  far  the  greater  part  of  them  ; 
and  when,  too,  it  is  considered  that  corrections  are 
seldom  made  in  the  American  copies,  it  is  presumed  that 
there  can  be  no  doubt  of  the  propriety  of  directing  the 
earliest  attention  to  this  interesting  subject." 

This  report  also  embodied  provisions  for  completing  a 
survey  of  the  coast  of  North  Carolina.  Two  Commis- 
sioners. Thomas  Coles  and  Jonathan  Price,  were  ap- 
pointed for  this  undertaking — completing  it  during  the 
following  summer.  In  submittingtheir  report  to  Congress, 
Mr.  Gallatin,  then  Secretary  of  the  Treasury,  spoke  of 
their  chart  as  being  more  correct  than  any  extant.  The 
methods  employed  in  this,  the  first  hydrographic  work, 
present  a  striking  contrast  to  those  of  the  present  day. 
It  appears  that  astronomic  observations  were  made  at 
only  three  stations ;  longitude  was  determined  from  lunar- 
distance  observations,  while  the  way  in  which  they  ob- 
served for  latitude  is  not  given.  A  large  number  of 
soundings  were  taken,  though  nothing  is  said  regarding 
the  plan  adopted  for  locating  the  points  at  which  they 
were  made.  Here  and  there,  the  directions  to  headlands 
are  stated,  but  without  any  information  as  to  the  details 
of  their  operations. 

This  much  space  has  been  given  to  the  antecedents  of 
the  Coast  Survey  in  order  that  it  may  be  clearly  under- 
stood to  what  extent  it  was  indebted  to  them.  Up  to 
this  time,  no  attention  was  paid  to  the  location  of  points 
trigonotnetrically,  so  the  person  who  first  suggested  this 
plan  is  the  one  whom  we  must  thank  for  the  conception 
of  a  method  which  has,  in  its  subsequent  elaboration,  re- 
flected so  much  credit  upon  his  followers.  Just  who  this 
person  is  it  is  difficult  to  say,  but  the  general  impression 
is  that  it  was  Robert  Patterson,  at  that  time  Director  of 
the  Mint  at  Philadelphia.  Being  acquainted  with  Presi- 
dent Jefferson  and  the  members  of  his  Cabinet,  he  had 
free  access  to  them  ;  this,  added  to  Jefferson's  enthusiastic 
interest  in  all  scientific  matters,  made  it  an  easy  task  to 
secure  at  least  a  consideration  of  such  projects  as  he 
might  make.  At  all  events,  the  act  of  Congress  of 
February  10,  1807,  was  passed  upon  the  recommendation 
of  the  executive.  It  appropriated  $50,000  '■  For  making 
complete  charts  of  our  coast,  with  the  adjacent  shoals 
and  soundings,"  The  best  means  of  putting  the  act 
into  effect  was  not  at  once  apparent  to  the  President,  nor 
to  his  Secretary  of  the  Treasury,  Mr.  Gallatin.  So  the 
latter,  under  date  of  March  25,  1807,  issued  a  circular 
setting  forth  a  project  o;  a  survey  and  requesting  outlines 
of  such  a  plan  as  might  unite  correctness  and  practica- 
bility. According  to  the  scheme  sent,  the  operations 
were  distributed  under  three  distinct  divisions  : 

I.  •■  The  ascertainment  by  a  series  of  astronomic  obser- 
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vations  the  true  position  of  a  few  remarkable  points  on 
the  coast;  and  some  of  the  light-houses  placed  on  the 
principal  capes  or  at  the  entrance  of  the  principal  har- 
bors, appear  to  be  the  most  eligible  places  for  that  pur- 
pose, as  being  objects  particularly  interesting  to  naviga- 
tors, visible  at  a  great  distance,  and  generally  erected  on 
the  spots  on  which  similar  buildings  will  be  continued  so 
long  as  navigation  exists. 

2.  "  A  trigonometric  survey  of  the  coast  between  those 
points  of  which  the  position  shall  have  been  astronom- 
ically ascertained:  in  the  execution  of  which  survey, 
the  position  of  every  distinguishable  permanent  object 
should  be  carefully  designated,  and  temporary  beacons 
be  erected  at  proper  distances  on  those  parts  of  the 
coast  on  which  such  objects  are  rarely  found. 

3.  "A  nautical  survey  of  the  shoals  and  soundings  off 
the  coast,  of  which  the  trigonometrical  survey  of  the  coast 
itself  and  the  ascertained  positions  of  the  light-houses 
and  other  distinguishable  objects  would  be  the  bases, 
and  which  would,  therefore,  depend  but  little  on  any 
astronomical  observations  made  on  board  the  vessels 
employed  on  that  part  of  the  work. 

The  circular  also  requested  the  names  of  such  persons 
as  could  be  recommended  as  capable  of  acting  in  the 
different  parts  of  the  work.  They  were  sent  to  Robert 
Patterson,  Andrew  Ellicott.  Secretary  of  the  Land  Office 
of  Pennsylvania,  Mr.  F.  R.  Hassler.  then  in  Philadelphia, 
John  Garnett,  of  New  Jersey,  Isaac  Briggs,  of  Maryland, 
James  Madison,  President  of  William  and  Mary  College, 
and  Joshua  Moore,  of  the  Treasury  Department.  The 
replies  of  these  gentlemen  give  the  best  possible  insight 
attainable  into  the  condition  of  applied  mathematics  of 
that  time.  As  a  rule  they  advocated  the  determination 
of  longitudes  by  finding  local  time  from  equal  altitude 
observations  upon  the  sun,  and  comparing  this  time  with 
a  chronometer  set  to  the  time  of  some  known  meridian 
after  allowing  for  rate.  It  was  thought  that  this  method 
would  secure  results  correct  within  two  seconds  of  time. 
Latitudes  were  to  be  determined  from  meridian-altitude 
observations  on  the  pole  star,  the  error  to  be  feared  fall- 
ing within  lo'' or  15."  The  instrument  suggested  was  a 
sextant  or  a  whole  circle  of  Borda.  It  was  thought  that 
30  points  so  located  along  the  entire  coast  would  be 
sufficient,  with,  perhaps,  the  position  of  a  few  intermediate 
stations  determined  by  rockets,  powder-flashes  or  bal- 
loons. The  triangulation  was  a  feature  that  taxed  their 
ingenuity,  because  they  appreciated  the  difliculties  that 
would  attend  such  a  work  through  a  low,  wooded  country 
such  as  prevailed  along  the  coast.  The  accuracy  the 
most  hopeful  thought  attainable  was  within  30"  for  each 
angle,  which,  he  said,  allowing  for  the  errors  in  determin- 
ing the  position  of  the  initial  point,  and  supposing  the 
base-line  to  be  correct,  would,  in  a  distance  of  1,000  miles, 
about  the  length  of  our  coast,  give  an  error  of  only 
660  ft. 

The  matter  of  instruments  was  also  an  important 
item,  and  one  about  which  the  majority  of  those  consulted 
knew  but  little.  However,  one  ventured  to  give  a  list, 
together  with  the  probable  cost  of  each ;  the  whole 
amounting  to  a  little  more  than  §4,000,  including  a  base 
apparatus  which  was  to  cost  $50. 

The  above  is  a  digest  of  the  plans  outlined  by  the 
Americans  who  were  consulted,  while  the  response  of  Mr. 
Hassler  gives  a  scheme  in  which  theory  had  been 
strengthened  by   practice.      Mr.    Hassler    came    to   this 


country  in  1805,  fresh  from  geodetic  work,  having  been 
engaged  in  the  triangulation  of  the  Swiss  canton  of 
Berne,  and  later  enjoyed  the  rare  privilege  of  working 
with  Bohnenberger  in  Austria.  He  brought  with  him  a 
rich  experience,  a  valuable  collection  of  instruments  and 
a  library  of  scientific  works  which,  Garnett  said,  was  the 
best  in  this  country.  This,  added  to  a  desire  to  lend  his 
assistance  to  every  worthy  undertaking  in  his  line, 
placed  him  in  a  position  to  make  suggestions  that  must, 
of  necessity,  be  inestimable  in  the  organization  and  execu- 
tion of  such  an  important  work.  He  proposed  that  there 
be  measured,  upon  the  whole  extent  of  the  coast,  with  a 
"  ce}-cle  repitdeitr  a  deux  lunettes."  I  ft.  diameter,  or, 
with  an  English  theodolite  of  at  least  the  same  diameter 
and  capable  of  multiplying  angles,  a  chain  of  triangles, 
the  sides  of  which  should  be  about  60.000  or  100,000  ft., 
and  established  upon  bases  measured  with  the  known 
means  of  exactness. 

All  the  astronomical  observations  and  deductions  which 
circumstances  may  require,  or  which  may  be  necessary, 
ought  to  be  made  in  the  course  of  the  work  at  convenient 
points,  as  well  for  determining  the  latitude  and  longitude  of 
those  points,  as  the  azimuths  of  the  sides  of  the  triangles. 
At  the  same  time,  as  many  secondary  points  and  even 
simple  directions  ought  to  be  ascertained  as  can  be 
effected  without  impeding  the  principal  design.  In  this 
way  fixing  the  situation  of  light-houses,  towns,  villages 
and  other  important  points  on  the  coast  which  would 
serve  for  the  continuation  of  the  surveys  in  detail.  The 
results  should  be  laid  down  according  to  the  differences 
of  the  meridians  and  parallels  upon  large  paper  divided 
into  sections  for  convenience,  and  accompanied  with 
a  table  of  longitudes,  latitudes,  distances  and  azi- 
muths. 

The  manner  of  keeping  the  record,  taking  soundings 
and  making  the  astronomical  observations  was  discussed 
quite  freely.  He  proposed  to  use  for  a  signal  a  triangular 
pyramid  of  from  10  to  30  ft.  in  height,  from  which  a  strong 
pole  should  proceed  bearing  a  ball  of  i  ft.  in  diameter, 
composed  of  potters'  clay  and  covered  with  a  good  yellow 
varnish,  forming  a  point  of  reflection,  or  a  globe  of  \%  ox 
2  ft.  in  diameter,  formed  of  barrel  hoops,  covered  with 
white  or  black  cloth,  according  as  the  projection,  in  rela- 
tion to  the  observer,  falls  upon  the  surface  of  the  earth, 
in  the  sky  or  in  the  water.  For  night  signals  large  argand 
lamps  with  wicks  of  6  in.  or  more  in  diameter  should  be 
fixed  upon  the  stations. 

The  plats  above  referred  to  were  to  be  given  to  those 
who  were  charged  with  the  detail  survey,  who  should 
take  the  given  points  as  bases,  from  which  to  fill  up  their 
portions  of  the  survey  as  fully  as  may  be  desired,  either 
with  a  small  theodolite,  a  "  planchette,"  a  kind  of  plane 
table,  sextant  or  compass,  according  to  the  accuracy  and 
amount  of  detail  necessary. 

For  olT-shore  work,  he  considered  the  three-point 
method  unsafe,  and  advised  the  employment  of  two  ob- 
servers, one  on  land  at  a  known  station  and  the  other  on 
the  boat,  each  of  whom,  at  the  time  of  sounding,  should 
read  the  angle  between  the  other  and  a  second  visible 
point. 

The  various  plans  were  referred  to  a  commission  con- 
sisting of  Messrs.  Patterson,  Briggs  and  Hassler,  who, 
after  giving  each  due  consideration,  agreed  that  they 
should  recommend  to  the  President  the  scheme  of  Mr. 
Hassler. 
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THE  MILLER  PLATFORM  AND  COUPLER   j 
PATENTS. 

In  February  last,  a  suit  of  the  heirs  of  the  late  Ezra 
Miller,  against  the  Pennsylvania  Railroad  for  infringe- 
ment of  his  patents,  was  tried  in  the  United  States  Circuit 
Court,  in  New  York  City. 

As  this  case  is  an  interesting  one.  it  is  now  proposed  to 
give  a  short  history  of  it. 

At  the  outset  a  brief  history  of  the  litigation  will  be 
given,  and  then  the  mechanical  features  of  the  case  will 
be  explained. 

The  Pennsylvania  Railroad  Company  had  been  using 
the  link-and-pin  coupler  and  was  desirous  of  getting  a 
good  coupling  system  for  the  road.  In  1876  or  1877.  Mr. 
Eli  H.  Janney  brought  to  the  attention  of  the  officials  of  the 
road  his  coupler.  This  device  was  at  that  time  not  com- 
bined with  any  buffing  system,  other  than  that  furnished 
by  the  couplings  themselves.  A  number  of  cars  were  fitted 
with  Mr.  Janney 's  couplings,  and  much  e.xperimenting 
was  done.  After  a  time,  this  coupler  having  been  adopted, 
it  was  determined  to  adopt  a  buffing  system,  which  in- 
volved the  use  of  the  buffers,  patented  to  Cummings, 
Patent  No.  192,570,  dated  July  3,  1877.  Just  what  the  ar- 
rangement was  will  be  spoken  of  later  on,  and  drawings 
will  be  introduced  illustrating  the  device  in  full. 

Apparently,  when  the  officials  of  the  Pennsylvania  Rail- 
road Company  had  decided  that  the  Janney  devices  were 
satisfactory  to  them,  they  proceeded  to  see  whether  in 
using  them  they  would  be  infringing  anybody's  patents. 

The  Eastern  Railroad  Association  is  specially  organized 
to  meet  such  cases,  and  to  this  organization  the  road  ap- 
plied. The  inquiry  of  the  road  was  considered  by  the 
Association  at  the  December  meeting  of  1877;  it  was  sent 
to  a  committee  and  came  up  for  final  action  in  May,  1878 

The  report  of  the  committee  was  rendered  after  com- 
munication with  Mr.  Ezra  Miller,  the  inventor  of  the 
Miller  system  of  buffers  and  couplers.  In  the  original  re- 
quest presented  by  the  Pennsylvania  Railroad  Company 
to  the  Association,  the  following  patents  were  cited  : 
Patents  Nos.  39,436,  138,405,  156,024,  for  improvements  in 
car  couplings,  and  also  Patents  No.  39.436.  dated  August  4, 
1863,  granted  to  Hazen  Webster,  and  No.  192.570,  granted 
to  Cummings. 

The  specilicationsof  the  various  patents  and  the  draw- 
ings were  anne.xed  to  the  letter  of  inquiry.     The  patents 
submitted  were  those  of  Janney,  Cummings  and  Webster. 
The  Committee  after  referring  the  matter  to  Col.  Miller 
got  from  him  the  following  letter  : 

••.\Vw   York,  April  12,1878. 
•■S.   M.    Whipple,   Esq., 

General  Agent  Easier)!  Railroad  Association. 
"Dear  Sir: 

"  I  have  looked  over  the  Janney  patent  papers,  including 
patents  Xo.  138,405,  dated  April  9,  1873,  No.  156,024,  dated 
October  20,  1S74  and  Webster,  Xo.  39,436,  dated  August  4. 
1S63,  and  Cummings  No.  192,570,  dated  July  3,  1877,  and  I 
am  of  opinion  that  they  do  not  either  of  them  infringe  or  at  all 
interfere  with  ray  patents  of  March  31,  1863,  and  Xo.  38,057 
January  31,  1865,  and  No.  46,126,  and  Xo.  56, 594 of  July,  1866. 
"Your  friend, 

"E.  MILLER." 
.\fter  this  letter  from  Miller  to  the  Eastern  Railroad 
Association,  the  Pennsylvania  Railroad  Company  feltt^at 
it  had  a  right  to  go  ahead  and  use  the   devices,  which 
it  had  taken  the  trouble  to  ask  about  so  carefully. 

Some  time  elapsed,  and  the  Company  had  a  number  of 
the   Janney  devices  in   use,  when  it  appears  that   Miller 


changed  his  mind  partly  and  wrote  another  letter  to  the 
Eastern  .\ssociation  taking  back  In  part  what  he  had  said 
in  his  previous  letter  and  suggesting  that  as  the  devices 
were  used  upon  the  cars  of  the  Pennsylvania  Railroad 
Company's  lines  that  he  should  be  paid  something.  This 
letter  seemed  to  indicjfte  that  the  devices  as  used  were 
not  the  same  in  Miller's  estimation  as  those  which  had 
been  submitted  to  him  in  the  letter  which  the  Eastern 
Railroad  .\ssociation  had  sent  him  when  asking  his  opin- 
ion previously.  Miller  never  changed  his  views  as  to  his 
1863  patent.  However,  this  letter  was  addressed  to  the 
Eastern  Railroad  Association  and  not  to  the  Pennsylvania 
Railroad  Company.  The  Association  never  transmitted 
the  letter  or  a  copy  to  the  Pennsylvania  Railroad 
Company,  as  this  was  no  part  of  the  regular  business. 
.A.S  a  result  the  Pennsylvania  Railroad  Company  never 
knew  anything  about  the  letter  and  went  along  using  the 
Janney  devices  in  ignorance  of  the  fact  that  Miller  had 
changed  his  mind  partly  and  now  thought  that  some  of 
his  patents  were  infringed. 

The  next  thing  the  Pennsylvania  Railroad  Company 
knew,  it  was  sued  by  Miller  under  his  three  patents  for 
infringing  certain  claims  of  each  patent. 

Miller  brought  the  suit  in  1883.  and  as.  by  this  time, 
each  of  his  patents  had  expired,  he  was  forced  to  bring 
the  case  on  the  law  side  of  the  Court,  which  necessarily 
brought  it  before  a  jury.  Had  the  patents  been  in  force 
when  the  suit  was  brought  the  case  would  of  course  have 
been  brought  on  the  equity  side  of  tns  Court,  and  the  test- 
imony would  have  been  taken  before  an  examiner,  and  the 
case  would  have  been  tried  before  a  judge  without  a  jury. 
The  case  was  called  on  February  i,  1887,  before  Judge 
Alfred  C.  Cox  and  a  jury,  and  the  trial  was  then  proceeded 
with  and  lasted  nine  days.  During  the  time  that  the 
case  was  reaching  a  hearing,  however,  Miller  died,  and  it 
was  proceeded  with  by  his  heirs. 

The  suit  was  founded  upon  the  three  patents  of  Miller, 
which  are  dated  as  follows:  March  3I,  1863,  No.  38,057  ; 
January  31,  1865,  No.  46,126;   July  24,  1866,  No.  56,594. 

The  patents  had  many  claims,  but  certain  ones  were 
selected  and  pressed  in  the  trial.  The  claims  that  the 
plaintiffs  started  in  with  were  the  following  :  In  the  case 
of  the  first  patent.  Claim  4;  in  the  case  of  the  second  patent.. 
Claims  i  and  4  ;  and  in  the  case  of  the  third  patent.  Claims 
I  and  3.  During  the  course  of  the  trial  some  of  the  claims 
were  dropped  or  no  testimony  taken  regarding  them,  as 
follows;  Claim  i  of  the  second  patent  and  Claim  I  of  the 
third  patent. 

In  this  part  of  the  article  it  is  not  intended  that  the 
mechanical  features  of  the  case  should  be  dwelt  on  at 
length,  and  it  is  scarcely  to  be  supposed  that  the  legal 
aspect  of  the  case  would  be  of  much  interest  to  the 
readers  of  a  mechanical  paper,  consequently  as  brief  a 
statement  of  the  trial  will  be  given  as  will  serve  to  give 
a  clear  idea  of  what  took  place. 
I  The  complainants  (Miller's  heirs)  opened  their  case 
and  proved  infringement  of  the  claims  before  referred  to, 
excepting  Claim  1  of  the  1865  patent. 

The  defendant  (the  Pennsylvania  Railroad  Company) 
then  proceeded  with  the  testimony,  in  the  case  of  some  of 
the  claims  denying  the  infringement,  and  in  the  case  of 
others  insisting  that  the  inventions  were  not  new,  or  were 
not  patentable.  Later  on  these  several  claims  will  be 
specifically  dealt  with  and  considered.  Duringthe  taking 
of  the  testimony   the    Miller   side   gave   evidence   of  an 
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established  license  fee  having  been  paid  for  the  use  of  the 
three  Miller  patents  as  a  whole.  No  license  fee  was 
shown  to  have  been  paid  for  any  one  or  two  of  the  Miller 
patents,  but  always  for  the  use  of  the  three  patents,  in- 
cluding all  the  several  claims  of  each  patent.  This  license 
fee  was  nominally  S'oo  per  car.  Ezra  Miller's  son  testi- 
fied on  the  trial  that,  in  about  the  case  of  500  licenses,  the 
amount  per  car  came  up  to  about  S53.  As  the  period  during 
which  the  Pennsylvania  Railroad  Company  was  alleged 
to  infringe  the  Miller  patents  extended  from  1878  to  1883 
it  became  a  question  as  to  what  the  license  fee  per  car  was 
during  this  period.  A  book  of  licenses  was  produced, 
covering  the  time  of  the  alleged  infringement  by  the 
Company.  From  this  booli  it  was  difficult  to 
deduce  anything,  but  it  appeared  to  show  a  license  fee 
per  car  of  about  $25.  This  amount  could  not  be  clearly 
ascertained,  as  in  most  cases  a  lump  sum  was  taken  and 
this  might  have  included  i  or  50  cars.  In  no  case  was 
there  a  license  for  anything  e.xcept  the  use  of  all  the 
three  patents  conjointly,  embracing  all  that  was  covered 
by  them.  As  the  case  went  on,  the  claims,  as  above 
noted,  were  withdrawn,  but  this  withdrawal  of  claims  still 
left  a  claim  of  each  of  the  three  patents  infringed.  At 
the  end  of  the  taking  of  testimony,  counsel  for  the  de- 
fendant made  a  motion  to  dismiss  the  suit. 

The  only  part  of  this  which  it  is  important  here  to 
dwell  upon  is  as  follows  :  It  was  asked,  among  other 
things,  by  counsel  for  the  Pennsylvania  Railroad  Com- 
pany, that  the  suit,  so  far  as  it  related  to  the  fourth  claim 
of  the  1863  patent,  be  dismissed,  because  on  the  face  of  the 
patent  the  claim  was  limited  to  a  specific  form  of  coupling 
head  which  the  defendant  did  not  have.  This  was  a 
question  of  law  and  not  of  tact  for  the  jury. 

The  Court,  in  this  matter,  held  with  the  defendant  that 
the  fourth  claim  of  the  1S63  patent  was  not  on  its  face 
infringed.  This  view,  taken  by  the  Court,  left  the  com- 
plainants with  onl)'  two  patents  in  controversy.  The 
Court  further  intimated  that  in  the  charge  to  the  jury  it 
would  be  necessary  to  tell  them  that  the  fourth 
claim  of  the  1865  patent  could  not  be  so  construed  as  to 
make  it  for  an  invention  which  in  any  way  differed  from 
the  earlier  structures  which  the  defendant  had  proved 
existed.  If  this  had  been  charged,  and  had  the  case  gone 
to  the  jury,  then  the  complainants  would  have  had  only 
fi  single  patent  practically  in  controversy. 

At  this  stage  of  the  case  counsel  for  the  defendant  called 
attention  to  the  fact  that  where  a  license  fee  had  always 
"been  paid  for  the  use  of  the  inventions  of  a  number  of 
jpatents,  in  a  suit  upon  these  patents,  if  all  were  not 
■infringed,  unless  evidence  was  given  of  the  value  of 
the  patents  separately,  only  a  verdict  of  6  cents  could 
be  recovered. 

Now,  the  Miller  side,  practically,  had  only  one  patent 
left  in  controversy,  one  being  taken  out  by  the  Court,  and 
the  second  likely  to  be  practically  taken  out  by  the 
judge's  charge  when  it  came.  No  testimony  had  been 
given  by  the  complamants  as  to  the  value  of  the  patents 
separately,  and,  with  this  state  of  facts,  and  with  the  law 
as  it  applied  to  the  case,  the  Judge  announced  to  counsel 
that  he  would  be  forced  to  charge  that  the  complainants 
could  only  have  6  cents  damages  at  best. 

After  a  careful  consideration  of  the  state  of  the  case  by 
counsel  on  both  sides,  it  was  determined  by  counsel  for 
the  defendant,  the  Pennsylvania  Railroad  Company,  to 
accept  a  verdict  of  6  cents  as  against  the  company.     This 


he  did  because  it  saved  a  tedious  summing  upof  thecase, 
relieved  the  jury  of  two  days'  work  and  practically  made 
the  company  a  victor,  (or,  as  the  patents  had  expired,  the 
fact  that  the  decision  was  for  the  complainants  was  not 
followed  by  an  injunction,  but  left  the  road  free  to  use  the 
couplings  and  buffers  which  were  upon  its  cars. 

Before  quitting  the  subject,  there  is  one  further  fact  to 
be  noted  regarding  the  fourth  claim  of  the  1863  patent. 
When  the  devices  used  by  the  Pennsylvania  Railroad 
Company  were  submitted  to  Miller  as  before  noted,  he 
gave  the  answer  above  quoted.  After  a  time  he  took 
back  his  opinion  in  part.  This  change  of  view  on  his 
part,  though  it  may  have  affected  the  1865  and  the  1866 
patents,  did  not  affect  or  include  the  1863  patent,  and, 
therefore,  the  Court  held  that  the  fourth  claim  of  this 
patent  was  not  infringed  on  its  face,  and  that  also  the 
complainants  were  estopped,  by  Miller's  own  act,  from 
saying  that  It  was  infringed.  Even  if  Miller  could  have 
risen  from  the  grave  and  have  been  put  upon  the  witness 
stand,  he  himself  could  not  have  denied  the  fact  that  he 
had  said  that  this  claim  was  not  infringed  and  that  from 
this  opinion  he  had  never  varied  and  could  not  now  alier 
it. 

These  facts  as  to  the  litigation  itself,  may  not  seem  of 
much  interest  to  readers  who  are  chiefly  interested  in  the 
mechanical  features  of  the  case.  However,  without  a 
comprehension  of  the  facts  as  above  stated,  no  true  under- 
standing of  the  matter  can  be  had  even,  in  its  mechanical 
relaiions. 

Before  proceeding  further,  therefore,  it  is  best  that  a 
clearunderstandingof  the  Janney  coupler  and  buffer  should 
be  had.  It  was  at  first  thought  that  the  coupler  alone, 
which  can  act  as  a  buffer,  would  be  sufficient.  But  later 
on  it  was  determined  that  some  form  of  seperate  buffer 
had  better  be  adopted.  The  object  was  to  obtain  a  buffer 
which  would  check,  in  as  great  a  measure  as  possible,  the 
oscillation  of  the  cars  about  an  imaginary  line  passing 
through  the  center  of  the  car-beds.  This  motion  was  not 
etffciently  checked  by  the  Miller  buffer  located  in  the  axis 
of  the  motion,  for,  with  such  a  buffer,  the  heads  of  the  buf- 
fers merely  rotate  on  each  other,  and  the  consequent  fric- 
tion is  small.  After  considering  the  matter,  Mr.  Ely, 
General  Superintendent  of  Motive  Power  of  the  Pennsyl- 
vania Railroad,  partly  matured  a  plan  involving  the  use 
of  thetwo  side-buffers  now  employed  in  the  Janney  system. 
He  had  not  time  to  work  the  matter  out,  and  therefore 
turned  the  crude  idea  over  to  Mr.  Janney,  who  perfected 
the  mechanism  necessary  to  the  carrying  out  of  Mr.  Ely's 
ideas. 

Among  the  requisites  demanded  by  Mr.  Ely  was  the  fol- 
lowing: That  when  the  cars  were  coupled  the  engine- 
man  should  not  have  to  overcome  the  full  force  of  the 
buffer  spring  to  get  the  draw-faces  of  the  coupling  hooks 
together,  while,  at  the  same  time,  when  in  draft  orcom- 
pression,  the  bulTers  should,  through  the  action  of  the 
couplers,  exert  an  increased  effect  upon  each  opposite  buf- 
fer. 

Besides  this  it  was  also  required  that  the  buffers  should 
be  side  and  not  central  or  axial  buffers,  so  that  when  the 
cars  oscillated  the  motion  would  be  resisted  by  metallic  sur- 
faces sliding  past  one  another  under  pressure,  rather  than, 
as  in  the  Miller,  by  having  surfaces  which  merely  rotated 
upon  each  other.  The  first  form  of  arrangement  of  parts 
presented  a  much  greater  resistance  to  oscillation  than 
could  be  obtained  by  the  Miller  system  or  by  any  system 
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involving  the  use  of  buffers  located  at  the  center  of  the  car 
or  in  the  axial  line  of  the  car's  oscillation. 

These  were  the  ideas,  and  they  were  embodied  in  prac- 
tical shape  by  Janney  in  the  following  mechanical  arrange- 
ment: 

The  first  cut  represents  the  Janney  car  coupler  and  bufler 
for  passenger  cars,  and  is  shown  as  attached  to  the  plat- 
form, a  portion  of  the  knees  being  cut  away  to  show  the 
workings  of  the  apparatus. 


izing  bar  B,  communicates  the  same  forward  motion  to 
the  buffers  AA. 

When  the  train  is  in  draft,  precisely  the  same  action  of 

buffers  is  obtained  by  the  upper  end  of  the  horn  H  mov- 

i    ing  with  the  coupler  and  carrying  yoke  E  forward  by 

means  of  the  T-bolt  K. 

The  T-bolt  K  passes  freely  backward  through  the  yoke 

\    /s  when  the  couplers  are  in  compression, thus  permitting  the 

i    work  of  throwing  forward  the  buffers  to  be  done  by  the 


The  coupling  being  made  between  two  cars,  equipped  as 
above,  the  faces  of  the  side  buffers  AA  are  brought  in  con- 
tact with  those  upon  the  opposite  car,  and  the  thrust  is 
■communicated  through  the  equalizing  bar  B  to  the  buffer 
spring  C,  which  is  secured  by  means  of  a  T-bolt,  D,  to  the 
yoke  E,  which  yoke  is  pivoted  by  means  of  a  pivot  bolt, 
F,  passing  through  the  platform  knees  GG. 

The  action  of  the  yoke  E,  is  peculiar,  as,  by  its  means,  the 


thrust  of  lower  end  of  horn  H;  but  when  the  coupler  /, 
mo-vts  forward  the  T-bolt  A' comes  into  action  and  draws 
upper  end  of  yoke  E  forward,  with  the  result  as  described, 
and  which  may  be  followed  out  by  anyone  who  will  give 
the  above  cut  a  little  study. 

The  essential  features  of  the  coupling  will  be  under- 
stood by  reference  to  figs,  i,  3,  3  and  4,  which  represent 
the  Janney  freight  coupler.     Fig.   i    is  a  top  view  of  the 


buffers  are  thrust  toward  the  pair  upon  the  opposite  car, 
whether  in  the  operation  of  coupling,  or  -while  the  train  is    \ 
in  draft. 

In  the  act  of  coupling,  the  natural  tendency  is  to  drive 
the  coupling  inward  ;  when  this  inward  movement  takes 
place,  the  lower  end  of  horn  H,  which  passes  vertically 
through  the  body  of  the  coupler  /,  engages  with  the  lower 
end  of  the  yoke-lever  £■,  and  in  throwing  that  tnA  backward 
throws  the  upper  end  forward,  hinging  upon  the  pivot 
bolt  F;  the  yoke  carries  forward  with  it,  by  means  of  the  ' 
T-bolt  /),  the  spring  C,  which,  in  turn,  through  the  equal- 


freight  cojpler,  and  represents  the  pair  in  proper  position 
to  effect  the  coupling,  viz.:  one  hook  closed  and  locked 
and  one  opened  (both  hooks  may  be  open,  but  this  is  not 
necessary).  Fig.  2  shows  the  coupling  effected,  and  both 
hooks  are  locked  as  shown  in  fig.  3,  which  presents  a  section 
of  the  freight  coupler  when  cut  longitudinally,  to  show  the 
method  of  locking  the  hooks  by  means  of  the  gravity  pin 
which  drops  in  front  of  the  point  of  hook,  as  shown  in  sec- 
tion. By  a  lift  of  this  pin,  which  is  effected  by  means  of 
a  lever  at  side  of  car,  the  point  of  the  hook  is  freed 
when  it  is  desired  to  uncouple,  and  when  it  is  desired  to 
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run  cars  together  (as  upon  a  siding)  without  coupling,  the 
gravity  pin  is  secured  in  the  opemposition,  and  the  cars 
will  not  couple  automatically  until  the  pin  is  released. 

The  draft  bolt  connecting  with  the  coupling  makes  a 
ball-and-socket  joint,  as  will  be  observed  by  examination 
of  fig.  3.  Fig.  4  is  a  view  in  perspective  of  the  coupling 
hook,  and  showing  means  of  coupling  with  link  and  pin 
when  brought  in  contact  with  that  class  of  coupler. 

Substantially  this  mechanism,  as  above  described,  was 
that  which  Miller  brought  his  suit  against. 

In  some  cases  the  cars  of  the  Pennsylvania  Railroad 
used  springs  surrounding  the  buflfer-shanks  instead  of 
using  the  single  spring  C,  but  this  was  the  first  arrangement 
and  was  probably  suggested  by  the  Cummings  patent,  and 
was  soon  abandoned  for  the  structure  shown  in  the  above 
cut. 

The  Cummings  patent  first  suggested  the  use  of  two 
side  buffers  with  springs  on  the  buffer-shanks  and  a  piv- 
oted equalizing  lever  or  bar,  B,  between  the  two  buffers,  so 
that  in  rounding  curves  the  pressure  upon  the  springs 
would  be  equalized  and  would  be  brought  to  the  center  of 
the  car. 

This  Cummings  arrangement  was  used  by  some  of  the 
connecting  lines  of  the  Pennsylvania  Railroad  before  the 
adoption  of  the  Janney  system,  and,  though  used  in  a 
different  way,  was  no  doubt  the  germ  of  the  idea  which 
was  developed  in  the  Janney  buffing  system. 

A  careful  reading  of  the  foregoing,  will  show  clearly 
what  the  Pennsylvania  Railroad  Company  was  using  when 
Miller  brought  his  suit. 

One  other  point,  however,  is  to  be  noted.  When  the 
Janney  system,  practically  as  above  shown,  was  adopted, 
Mr.  Ely  insisted  that,  when  the  cars  were  at  rest  and  in 
their  normal  position,  the  faces  of  the  buffers  should  not 
be  set  further  out  than  the  faces  of  the  draw-hooks.  The 
object  of  this  arrangement  was  to  prevent  a  shock  in 
coupling.  No  doubt  this  location  of  the  parts  was  had 
upon  the  earlier  cars,  but  subsequently  it  was  modified  so 
that  the  faces  of  the  buffers  A  A  projected  beyond  the 
draw-faces  of  the  couplers  an  inch  or  less.  This  made 
coupling  more  dilficult. 

This  arrangement  was  adopted  because  the  rapid  wear 
of  the  parts  and  the  lost  motion  required  it,  and  it  was 
deemed  best  to  suffer  a  slight  disadvantage  in  the  act  of 
coupling,  so  as  to  ensure  pressure  at  all  times  between  the 
faces  of  the  buffers  upon  any  two  cars. 

Many  cars  will  be  found  on  the  Pennsylvania  Railroad 
to-day,  however,  having  no  protrusion  of  the  liuffer  faces 
beyond  the  draw  surfaces  of  the  coupler,  when  the  cars 
are  at  rest. 


TRIPLE-EXPANSION   MARINE    ENGINE. 

The  accompanying  illustrations  represent  an  engine  of 
the  triple-expansion  pattern  designed  for  the  new  steam- 
ship Aurora,  intended  for  service  on  the  great  lakes,  and 
owned  by  Messrs.  John  Corrigan,  Captain  Mack  and 
others.  The  steamer  and  engine  are  built  by  the  Cleve- 
land Ship  Building  Company,  of  Cleveland,  Ohio.  The 
engines  are  of  the  triple-e.xpansion,  direct-acting,  jet-con- 
densing type,  and  are  expected  to  work  up  to  i,Soo  indi- 
cated horse-power.  Thethree  cylinders  are  24,  38  and  61  in. 
diameter,  respectively,  having  a  common  stroke  of  42  in. 
The  bed  plate  is  of  deep  box  pattern,  cast  in  two  parts, 
with  the  joint  running  athwartship,  and  carries  the  five 
journals  of  the  crank  shaft,  which   is   in  Uvc  pieces  with 


solid  coupling  between  the  intermediate  and  low  pressure 
engines.  The  journals  on  this  shaft  are  12  in.  in  diameter 
The  three  crank  pins  are  of  mild  steel,  wyi  in.  in  dia- 
meter, with  lo-in.  bearings.  The  three  cranks  are  all 
double  throw,  and  are  made  of  forged  iron.  The  connect- 
ing rods  are  of  forged  iron  with  straps,  gibbs  and  keys  in 
each  end.  The  slides  arcof  mild  steel,  bolted  to  columns 
in  the  center  line  of  the  engine,  fore  and  aft,  except  the 
forward  slide  of  the  intermediate  engine,  which  is  re- 
moved from  the  column  far  enough  to  admit  the  placing  of 


the  link  and  connections  between  the  slide  and  the  column. 
The  links  for  the  first  and  third  cylinders  are  placed  out- 
side the  columns.  The  eight  columns  carrying  the  cylin- 
ders are  of  box  section  cast  in  pairs  and  bolted  together 
through  the  fore-and-aft  girts. 

The  small  or  high-pressure  cylinder  is  fitted  with  a  pis- 
ton valve,  and  the  other  two  cylinders— the  intermediate 
and  low-pressure— with  slide  valves,  all  being  very  easy  of 
access  for  examination  and  repairs.  The  air  pump  is  of 
the  ordinary  single-acting  bucket  arrangement,  28  in.  in 
diameter  and  17  in.  stroke,  and  is  so  planned  that  any 
valve  may  be  reached  by  taking  off  its  cover.  The  con- 
denser is  of  cast-iron,  35  in.  in  diameter  and  fitted  with 
jet  spray. 
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The  propeller  is  four-bladed  and  is  13  ft.  diameter 
and  \7%  ft-  lead. 

Tiie  engine  is  supplied  witli  steam  from  two  boilers  of 
the  Scotch  type.  Each  boiler  is  12  ft.  diameter  and  14  ft. 
long,  and  has  three  40-in.  furnaces.  They  are  expected 
to  carry  a  \vorI<iiig  pressure  of  165  lbs.  in  service. 


Improved  Schedule  Case. 

The  subject   of  the  accompanying  sketch    is  a   neat, 
cheap   and    serviceable   device     for    keeping    maps   and 
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sion  will  be  at  its  minimum,  while,  by  pulling  down  the 
curtain,  it  will  be  put  under  tension.  The  manner  of 
operating  is  to  pull  down  the  outside  curtain  (which  un- 
rolls from  the  tin  drum),  then  by  holding  fast  the  inside 
curtain  which  has  the  maps  and  schedules  attached  to  It 
with  one  hand,  and  by  giving  the  other  a  slight  pull  and 
releasing  it,  it  will  enter  the  groove  and  be  out  of  the  way 
when  It  is  desired  to  refer  to  any  map  or  schedule.  In 
closing  the  arrangement  up  the  outside  curtain  Is  again 
drawn  down,  and,  by  taking  hold  of  the  bottom  of  the  In- 
side curtam,  by  a  slight  lift,  both  It  and  the  outside  cur- 
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schedules  on  tile  and  within  convenient  reach.  It  con- 
sists principally  of  a  wooden  box  without  bottom,  to 
which  the  wall-braces  are  securely  attached.  In  this  box 
there  is  placed,  and  provided  with  suitable  end-bearings 
at  each  end,  a  hollow  tin  drum  or  cylinder  marked  T,  to 
which  the  spiral  spring  5  Is  fastened.  The  curtain  or 
cover  which  is  to  act  as  a  mantle  to  the  maps  and  sched- 
ules when  drawn  down,  is  fastened  directly  to  the  spring- 
roller  S.  The  schedules  themselves  are  all  clamped  to- 
gether and  fastened  to  the  back  curtain,  which,  in  turn,  is 
attached  to  the  roller  before  mentioned.  The  spring  is 
so  hung  that  when  the  schedules  are  all  rolled  up  Its  ten- 


tain  will  roll  up  around  the  tin  cylinder.  In  hanging  the 
schedules  the  vertical  edge  of  each  successive  schedule  is 
placed  so  as  to  overlap  by  about  ;4  in.  the  similar  edge  of 
the  preceding  one,  and  in  this  way  Is  formed  an  index 
which  facilitates  the  finding  of  any  particular  map  or 
schedule.  This  takes  the  place  of  large  canopies,  where 
sometimes- from  12  to  20  or  more  rollers  are  used  for 
maps,  which  is  a  bulky  and  inconvenient  arrangement. 

Mr.  Berry,  General  Superintendent  of  the  Pullman  Com- 
pany has  one  which  holds  83  schedules.  Most  of  the 
general  offices  of  the  Pittsburgh,  Cincinnati  &  St. 
Louis  system  are  provided  with  this   improved  schedule 
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case,  and  have  the  same  in  active  and  successful  opera- 
tion. An  arrangement,  with  clock,  air-gauges  and  indica- 
tor attached,  for  private  cars  has  also  been  used;  these 
gauges  show  the  pressure  in  the  main-brake  pipe  and 
cylinder,  besides  being  a  means  for  applying  brakes  and 
"bleeding  "  the  cylinders  when  necessary  to  do  so.  The 
whole  contrivance  is  beautifully  and  appropriately  en- 
hanced by  the  addition  of  wood  carving  and  by  putting  in 
a  bronze  bis-relief. 


BREAKAGE     OF     WHEELS    AND     TIRES     ON 
BRITISH  RAILWAYS. 

The  British  Board  of  Trade  is  authorized  to  make  in- 
vestigations into  the  causes  of  all  important  railway  acci- 
dents which  occur  in  the  United  Kingdom.  Competent 
inspectors  are  employed  for  this  work,  and,  as  the  system 
of  rotation  in  office  does  not  prevail  in  the  civil  service  of 
that  country,  these  inspectors,  besides  being  qualified  by 
education  and  training  for  this  service,  also  acquire  e.xpe- 
rience  which  fits  them  for  making  such  investigations. 
Their  reports  now  cover  a  period  of  about  35  years; 
they  have  been  published  and  form  quite  a  library 
of  themselves,  and  are  a  mine  of  information  about 
railroad  management  and  of  warning  for  the  pre- 
vention of  accidents.  As  these  reports  are  inaccessible 
to  most  American  railroad  officers,  and  as  they  are  so 
bulky  that  few  could  have  either  time  or  patience  to  go 
through  them,  it  has  been  determined  to  make  summaries 
of  the  reports  of  some  classes  of  accidents  which  it  is 
thought  will  be  instructive  and  interestingto  our  readers. 
These  investigations  of  the  accidents  on  British  rail- 
ways, it  must  be  remembered,  have  been  made  under 
authority  of  a  law  giving  the  inspectors  full  powers 
to  ascertain  all  facts  in  each  case,  and  hence  are  more 
complete  than  anything  which  can  be  looked  for  in  this 
country,  except  in  two  or  three  States  where  railroad  com- 
missions exist  with  authority  to  investigate  accidents. 
The  English  reports  have  also  the  advantage  even  then, 
from  the  fact  that  the  inspectors,  as  noted  above,  are  men 
whose  time  is  almost  entirely  occupied  in  this  work,  and 
who  are,  consequently,  trained  experts,  with  an  experience 
which  a  railroad  commissioner  rarely  has  the  opportunity 
of  acquiring  in  this  country,  where  few  are  permitted  to 
hold  office  a  great  while.  As  there  has  been  much  dis- 
cussion over  the  comparative  merits  of  American  chilled 
car-wheels  and  English  wrought-iron  wheels  with  steel  or 
iron  tires,  a  record  of  the  accidents  on  English  railroads 
due  to  breakages  of  wheels  or  tires  may  be  of  service  by 
way  of  comparison,  and  we  present,  accordingly,  a  brief 
statement  of  those  accidents,  beginning  with  1S53.  This 
record  has  been  carefully  prepared  from  the  inspectors' 
reports,  and  is  intended  to  give  the  substance  of  those  re- 
ports in  a  condensed  form. 

ACCIDENT    REPORTS. 

June  I,  ICS53,  the  engine  of  a  passenger  train  on  the 
Leeds  Northern  broke  a  tire  on  a  leading  wheel  when 
near  Wormald  Green.  The  tire  broke  into  three  pieces 
and  fell  on  the  road-bed,  a  piece  of  it  causing  the  brake- 
van,  next  the  engine,  to  leave  the  rails  and  upset,  killing 
the  guard.  The  engine  ran  1,050  ft.  without  leaving  the 
rails.  The  leading  wheel  was  42  in.  diameter,  carrying 
about  3  tons  weight.  The  tire  was  not  much  worn  and 
had  run  2,964  miles.  The  three  pieces  were  3  ft.  5  in.,  i 
ft.  10  m.  and  5  ft.  2  in.  long,  respectively.  The  tire  was 
of  Lowmoor  iron,  shrunk  on  and  fastened  to  tlio  wheel 
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by  bolts.  The  Inspector  finds  that  the  weld  was  origi- 
nally defective  and  one  of  the  bolt-holes  passed  directly 
through  it ;  one  of  the  fractures,  took  place  at  this  point, 
while  the  other  was  also  at  a  bolt-hole.  I  Ic  recommends 
careful  trying  of  the  tires  by  tapping  with  a  hammer. 

August  22,  1853,  a  passenger  train  on  the  York  cS;  North 
Midland  was  derailed  near  Cottingham.  and  a  third-class 
open  carriage  upset,  killing  two  women.  The  derailed 
car  was  next  the  tender  and  ran  about  1,200  ft.  before  the 
train  was  stopped.  The  derailment  was  caused  by  a 
broken  iron  tire  on  one  of  the  wheels  of  the  carriage. 
This  tire  broke  at  the  weld,  which  seemed  to  have  been 
an  imperfect  one,  though  fair  on  the  original  surface.  It 
had  been  originally  i>i  in.  thick,  but  was  worn  down  to 
Ji  in. 

January  12,  1854,  a  first-class  carriage  in  an  express  train 
was  derailed  near  Ambergate,  Midland  Railway,  by  the 
breaking  of  a  tire  on  one  of  the  leading  wheels.  The  lire 
broke  in  two  places,  the  weld  remaining  perfect;  it  was 
of  good  iron,  from  the  works  of  the  Patent  Shaft  Com- 
pany, and  but  little  worn.  The  weather  was  very  cold, 
and  the  ground  covered  with  snow,  .^t  about  the  point 
where  the  wheel  first  left  the  track  a  broken  rail  was 
found,  but  it  was  believed  that  this  rail  had  been  broken 
by  the  tire. 

May  16,  1854,  near  Hornsey,  on  the  Great  Northern, 
rear  brake-van  of  a  passenger  train  was  derailed,  and  the 
guard  was  thrown  off  and  hurt.  The  tire  of  a  wheel  on 
the  derailed  van  had  broken  and  come  off  ;  it  was  found 
about  ;'/  mile  back  from  the  point  where  the  train 
stopped.  Traces  were  found  showing  that  the  tire  had 
broken  about  two  miles  back;  the  injured  guard  said  that 
he  had  tried  to  signal  the  engineman,  but  failed  to  attract 
his  attention.  Tlie  tire  appeared  to  have  broken  at  the 
weld,  but  the  surface  was  so  covered  with  dirt  that  the 
nature  of  the  flaw  could  not  be  detected.  The  tire  was 
iron,  of  good  quality,  made  at  the  Lowmoor  Works. 

December  23.  1855.  as  a  special  express  train  was  pass- 
ing Swan  Village  station.  Great  Western  Railway,  the 
tire  of  the  6-ft.  driving  wheel  of  a  standard-gauge  engine 
broke,  stripping  the  heads  off  eight  of  the  rivets  by  which 
it  was  secured  to  the  wheel,  tearing  up  the  station  plat- 
form and  fence,  running  across  the  highway  and  through 
another  fence,  and  on  its  way  killing  a  girl  who  stood  in 
the  road.  Of  this  accident  the  Inspector  says:  "This  ac- 
cident appears  to  have  been  of  an  extraordinary  nature, 
as  the  tire,  with  the  exception  of  a  single  fracture,  was 
found  whole,  but  bent  to  the  form  of  a  cycloid.  The  frac- 
ture took  place  right  across  the  tire  and  close  to  the  weld, 
but  not  in  the  direction  of  the  inserted  V."  The  tire  was 
made  by  Hood  &  Cooper,  Leeds,  and  was  of  good  fibrous 
iron,  hard  on  the  outer  surface,  and  without  any  exterior 
indication  of  a  small  interior  flaw  existing  at  the  point  of 
fracture.     It  had  run  only  about  2,000  miles. 

January  21,  1855.  a  brake-van  was  derailed  near  Wood- 
head,  on  the  Manchester,  Sheffield  tt  Lincolnshire  line, 
and  a  guard  badly  hurt.  It  appears  that  a  trailing  wheel 
on  a  carriage  in  front  of  the  van  broke  a  tire ;  the  wheel 
was  broken  to  pieces  and  the  axle  torn  from  its  place,  and 
the  broken  wheel  threw  the  van  oft'.  The  tire  (  Lowmoor 
iron)  was  broken  in  two  places,  a  piece  3  ft.  in  length  be- 
ing detached  from  the  wheel  altogether.  The  first  break 
was  at  the  weld,  which  showed  a  bad  flaw  in  the  center. 
The  tire  had  been  used  six  years,  and  was  worn  down  to 
If,,  in.  thick  on  the  tread. 

February  19.  1855.  a  tire  broke  under  a  carriage  of  a 
passenger  train  on  the  Northeastern  road,  near  Cramling- 
ton.  The  car  was  derailed,  but  ran  nearly  two  miles  be- 
fore the  engineman  stopped  the  train.  The  guard  saw 
the  break  at  once,  but  had  no  way  of  signaling  the  engine- 
man.  The  tire  broke  at  the  weld,  where  there  was  a  large 
flaw  in  the  center,  the  outside  being  perfect ;  it  was  of 
Lowmoor-iron,  2 '<  years  in  use.  There  was  an  opening  of 
about  6  in.  at  the  fracture,  but  the  tire  was  not  otherwise 
out  of  shape.  The  concussions  following  the  break  tore 
the  leading  axle  from  its  place  and  the  wheels  and  axles 
were  thrown  back  against  the  trailing  axle  with  such 
force  as  to  tear  it  out  from  under  the  carriage,  leaving  it 
supported  by  the  couplings  alone. 

February  20.   1855.  as  a  passenger  train  on  the  South 
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Devon  line  was  entering  Brent  station,  a  carriage  left  the 
rails  but  remained  on  the  ties.  The  tire  of  a  leafling 
wheel  broke  at  the  weld,  within  an  inch  of  one  of  the 
rivets  holding  it  to  the  wheel-center.  The  broken  end 
sprung  out  5  or  6  in.,  but  remained  in  contact  with  the 
wheel  at  the  ne.xt  rivet,  27  in.  distant.  The  weld  where 
the  break  took  place  was  a  jumped  weld  and  very  defect- 
ive, though  showing  no  flaw  externally.  The  tire  was 
Lowmoor  iron,  in  u*  about  two  years. 

February  22,  185;,  at  Four  Ashes  station,  on  London  & 
Northwestern  road,  a  goods  wagon  (freight  car)  was  de- 
railed by  a  broken  tire.  The  tire  was  of  iron,  on  a  car 
belonging  to  the  Newport,  .Abergavenny  &  Hereford 
Company,  made  for  that  road  by  .Ashbury,  Manchester. 
"The  tire  was  fractured  at  the  weld  and  was  also  split  in 
a  longitudinal  and  horizontal  direction.  It  was  composed 
of  poor  iron,  badly  forged  and  worse  welded." 

January  16,  1856,  an  express  train  on  the  Great  North- 
ern was  derailed  near  Tallington,  a  first-class  carriage  be- 
ing upset,  injuring  two  passengers.  A  tire  had  broken  at 
the  weld;  it  was  of  Lowmoor  iron,  and  had  been  twice 
turned  off,  the  last  turning  leaving  it  i  Js  in.  thick. 

December  3.  1856.  tender  of  an  express  train  was  de- 
railed near  Thornhill  Lees,  Lancashire  &  Yorkshire  Rail- 
way. Tire  of  a  leading  wheel  broke  and  became  loose 
from  the  center,  jamming  fast  between  the  brake-block 
and  the  fram  ing.  From  marks  on  the  track  it  was  thought 
that  the  tire  broke  at  a  bad  rail- joint. 

July  27,  1856.  car  of  an  express  train  on  Newcastle  & 
Carlisle  line  was  derailed  near  Haltwhistle,  3  passengers 
being  slightly  hurt.  The  derailment  was  caused  by  the 
tire  breaking  at  the  weld;  after  the  first  break  it  seems  to 
have  broken  into  several  pieces,  which  were  scattered 
along  the  line.  The  tire  was  of  iron  from  the  Walker 
Iron  Works  ;  it  was  i;^  in.  thick  originally,  but  had  been 
worn  doun  to  i  %  in. 

May  II,  1857,  a  four-wheeled  fish  truck  in  a  mixed 
train  on  the  Great  Northern  line  was  derailed  near  Barnet 
station.  The  coupling  broke  and  the  forward  part  of  the 
train  went  on,  but  nearly  all  the  cars  behind  the  derailed 
truck  left  the  track.  A  broken  tire  on  a  leading  wheel 
caused  the  damage ;  it  broke  in  five  nearly  equal  pieces, 
through  the  rivet  holes.  One  piece  showed  an  old  flaw, 
and  the  metal  generally  was  much  crystallized,  having  the 
appearance  of  poor  iron. 

•May  I,  1858,  a  passenger  train  on  the  Manchester,  Shef- 
field &  Lincolnshire  road  was  derailed  near  Oxspring  by 
a  broken  tire  on  a  trailing  wheel  of  a  passenger  carriage. 
Three  cars  went  off  and  were  badly  wrecked,  after  run- 
ning some  1,200  ft.  on  the  ties.  It  appears  that  a  short 
piece  of  the  tire  broke  out  and  was  thrown  off  the  wheel 
altogether;  this  was  followed  by  a  second  and  a  third 
piece,  and  the  third  piece  was  thrown  over  on  the  oppo- 
site rail,  striking  the  other  wheel  and  causing  the  tire  on 
that  to  break  also.  The  tires  were  of  iron,  from  the  Blaen- 
avon  Works,  and  the  Inspector  reports  that  they  were 
probably  of  poor  iron  originally,  and  had  been  rendered 
brittle  by  too  sudden  cooling.  In  addition,  these  brittle 
tires,  nearly  new,  had  been  put  under  a  jolting  carriage 
and  were  on  a  section  of  the  road  not  in  very  good  order, 
especially  as  to  the  rail-joints. 

August  5,  1858,  the  engine  of  a  passenger  train  on  the 
Great  Northern  line  left  the  track  near  Carlton,  ran  en- 
tirely off  the  road-bed  and  upset.  The  cause  was  the 
breaking  of  a  tire  on  one  of  the  leading  wheels,  which  was 
42  in.  diameter.  The  break  took  place  at  the  weld,  and  a 
second  break  followed  at  a  rivet  hole,  a  piece  15  in.  long 
being  thrown  off  from  the  wheel  altogether.  The  tire 
was  of  iron,  nearly  new,  having  run  10,120  miles.  A  bad 
flaw  was  found  in  the  weld. 

January  15,  1859,  the  engine  of  a  passenger  train  on  the 
Lancashire  &  Yorkshire  broke  a  tire  on  a  leading  wheel 
near  Crofton,  and  was  derailed,  the  only  damage  done  be- 
ing the  breaking  of  a  number  of  chair's.  The  tire  was  of 
Lowmoor  iron,  and  had  run  only  2,700  miles;  it  probably 
broke  at  the  weld. 

December  16,  1859,  a  wagon  in  a  coal  train  on  the  Lon- 
don &  Northwestern  broke  a  tire  near  Wolverton,  and  a 
number  of  cars  were  thrown  from  the  track  and  wrecked. 
-One  was  thrown  over  on  the  opposite  track,  causing  a  sub- 


sequent collision.  In  this  case  the  Inspector  reports  that 
the  tire  was  of  poor  iron,  the  weather  intensely  cold  and 
the  breakage  not  remarkable.  The  wagon  appears  to 
have  run  nearly  3  '2  miles  with  the  broken  tire  before  it 
left  the  track. 

December  18.  1859.  a  passenger  train  on  the  Midland 
road  was  derailed  at  Wichnor  Junction  by  a  broken  tire 
under  a  passenger  car,  seven  cars  being  thrown  off.  The 
tire  was  of  iron,  had  run  about  60,000  miles  and  had  been 
turned  up  twice,  reducing  its  thickness  on  the  iread  from 

1  '/  to  I  '+'  in.  In  this  case  the  wheel-center  was  complete- 
ly destroyed,  the  rim  being  broken  in  several  pieces  and 
all  the  spokes  broken  ofi'.  A  piece  of  the  broken  tire  was 
picked  up  two  miles  back  from  the  point  of  derailment. 

December  22,  1859,  near  Perry  Bar.  on  the  South  Staf- 
fordshire road,  a  passenger  car  was  derailed  by  the  break- 
ing of  a  tire  on  the  leading  wheel,  and  was  much  damaged. 
The  tire  broke  in  two  pieces,  the  short  piece  being  found 
1%  miles  back  from  point  of  accident,  and  the  long 
piece  near  by.  Maker  of  tire  and  length  of  service  not 
known  ;  it  was  42  in.  diameter  and  had  worn  down  from 
i;i  to  iy%  in.  thick  on  tread.  It  seems  that  a  rivet  hole 
had  been  drilled  directly  through  the  weld. 

February  20.  i860,  passenger  train  on  Eastern  Counties 
road  was  derailed  at  Tottenham  by  breaking  of  a  tire  of  a 
leading  wheel  under  the  engine.  Two  trainmen  and  five 
passengers  were  killed,  and  sixteen  other  persons  hurt. 
The  iron  tire  had  worn  down  to  iji  in.  but  was  less  than 
1'/%  in.  thick  over  the  weld.  The  Inspector  reports  that 
the  break  was  due  to  a  defective  weld,  the  flaw  not  being 
apparent  from  the  outside  ;  he  also  holds  that  due  pre- 
cautions had  not  been  taken  to  secure  a  sound  weld. 
Concerning  the  usual  practice  with  tires,  he  says :  "The 
tires  used  on  railway  wheels  are  .f/ir;c«/fo«  to  those  wheels, 
or,  in  other  words,  are  placed  on  them  in  a  heated  state, 
in  order  that  they  may  grasp  them  tightly  during  the  con- 
traction of  the  metal  in  cooling.  They  are  retained  in 
their  position  on  the  wheel  mainly  by  the  state  of  tension 
into  which  they  are  thus  brought.  But  they  are  also  se- 
cured, in  most  cases,  to  the  rim  of  the  wheel  by  bolts.  On 
some  railways,  the  tire  is  so  formed  as  to  be  dovetailed,  as 
it  were,  when  in  its  place,  to  the  rim  ;  and  this  plan  is  used 
both  with  and  without  bolts.  The  latter,  when  they  are 
emploj'ed,  give  additional  security. 

"When  the  tensile  condition  of  a  tire,  that  is  in  good 
working  order,  is  suddenly  released  by  its  being  fractured, 
in  consequence  of  a  defect  at  the  weld  or  from  any  other 
cause,  then  the  tire  has  a  tendency  to  fly  off  the  wheel; 
and  It  requires  stronger  bolts,  or  better  means  than  those 
usually  employed,  to  prevent  such  a  result  from  occurring." 

The  Inspector  further  recommends  a  method  of  fasten- 
ing tires,  then  adopted  by  Mr.  Beattie,  of  the  London  & 
Southwestern,  in  which  the  tire  is  rolled  with  an  inside 
flange  which  buts  against  the  rim  of  the  wheel-center  on 
one  side  ;  the  securing  at  the  other  side  being  done  by 
bolts  tapped  through  the  rim  into  the  tire,  or  by  wedges 
inserted  in  slots  in  the  tire  and  then  hammered  down.  He 
also  speaks  with  commendation  of  steel  tires,  then  just 
introduced  for  the  first  time  by  Mr.  Sinclair,  of  the  East- 
ern Counties  line. 

June  5,  1S60,  a  passenger  train  on  the  Great  Northern 
road  was  derailed  near  Southgate  by  the  breaking  of  a  tire 
on  a  leading  wheel  of  a  carriage.    The  tire  was  nearly  new, 

2  in.  thick,  and  of  good  iron,  secured  to  the  wheel-center 
by  bolts  ;  it  broke  at  the  weld,  which  was  very  bad.  The 
Inspector  in  this  case  again  refers  to  the  Beattie  method 
of  fastening  tires. 

December  26,  i860,  at  Blyton,  on  the  Manchester,  Shef- 
field &  Lincolnshire  line,  a  passenger  train  was  derailed 
and  seven  persons  hurt  by  a  broken  tire.  The  tire  was 
on  the  trailing  wheel  of  the  rear  carriage.  The  wheel  was 
36  in.  diameter,  the  wrought-iron  rim  being  ^s  in.  thick. 
The  tire  was  5  in.  face  and  i^^  in.  thick  on  the  tread,  was 
fastened  to  the  inner  rim  by  four  ^-in.  rivets;  it  broke  at 
three  of  the  rivet  holes.  The  wheel  was  of  unknown  age, 
and  had  been  turned  up  eight  months  before. 

December  26,  i860,  part  of  a  passenger  train  on  the 
North  Staffordshire  road  was  derailed  near  Weston  by  the 
breaking  of  a  tire.  This  tire  was  of  iron,  \^^  in.  thick  on 
tread.     It  opened  at  the  weld  and  broke  the  five  rivets  by 
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which  it  was  attached  to  the  center,  then  left  the  wheel 
altogether.  The  Inspector  believed  that,  with  proper  at- 
tachments to  the  wheel,  the  opening  at  the  weld  would 
not  have  caused  any  accident.  He  also  notes  that  the 
absence  of  rivet  holes  would  add  considerably  to  strength 
of  tire. 

January  4,  1861,  passenger  train  on  London,  Chatham 
&  Dover  was  derailed  near  Sittingbourne  by  a  tjroken  tire 
under  a  brake-van.  Three  cars  were  derailed  and  broken. 
The  tire  was  from  the  Phtenix  Works,  i  ,'4  in.  thick  on 
tread  and  fastened  to  the  wheel-center  by  four  5s-in.  rivets. 
It  broke  at  a  rivet  hole  and  appears  to  have  been  shrunk 
on  too  tightly,  causing  undue  tension.  The  Inspector 
again  takes  occasion  to  commend  the  Reattie  method  of 
fastening  (already  mentioned);  the  Gibson  annular  key 
fastening;  the  Mahsell  wheel  with  wood  center,  and  the 
Brotherhood  ring  fastenings  and  one  or  two  others.  He 
suggests  the  use  of  a  tire  rolled  with  a  flange,  which 
would  but  against  one  side  of  the  rim,  and  a  projecting 
flange  on  the  inside,  which  could  be  hammered  down  after 
the  tire  was  shrunk  on.  In  closing  he  says  :  "Although 
there  is  greater  fear  in  general  with  regard  to  a  slack  tire, 
a  loose  tire  or  a  broken  tire,  the  most  dangerous  tire  of 
all  is  one  which  has  been  shrunk  too  tightly  on  the  wheel, 
and  whose  state  of  tension  renders  it  ready  to  fly  apart  upon 
any  violent  blow  adminisistered  to  it  by  a  bad  joint  or  an 
uneven  crossing,  in  the  ordinary  course  of  traffic.  This 
is  the  sort  of  tire  that  yields  the  clearest  ring  to  the  ham- 
mer of  the  examiner,  and  that  inspires  him  frequently 
with  the  greatest  degree  of  confidence;  but  this  is  the 
tire  that  ought  in  reality  most  to  be  dreaded." 

January  4,  1861,  passenger  train  on  Shrewsbury  &  Here- 
ford was  derailed  near  Moreton  by  broken  tire.  It  was 
an  iron  tire,  eight  months  in  use,  had  been  turned  up 
once  and  was  i  yi  in.  thick  on  tread,  fastened  to  the  cen- 
ter by  four  -'^'-in.  rivets.  It  broke  at  the  rivet-holes  into 
four  pieces. 

January  14,  1S61,  express  train  on  Great  Western  road 
was  derailed  near  Twyford  by  a  broken  tire  under  a  car. 
The  wheel  was  48  in.  diameter,  the  iron  tire  lyi  in.  thick  ; 
it  had  run  22,547  miles.  The  break  was  at  the  weld,  where 
there  was  an  internal  flaw.  A  modification  of  the  Beattie 
plan  was  used  in  fastening  the  tire  on.  but  there  were  not 
clips  enough  to  secure  it  properly. 

January  3,  1861,  passenger  train  on  London  &  North- 
western was  derailed  near^Berkhampstead  by  broken  tire 
under  a  carriage  belonging  to  the  Caledonian  Company. 
The  wheel  was  42  in.  diameter,  the  tire  nearly  new,  lys  in. 
thick  and  fastened  to  the  center  by  live  '4 -in.  rivets.  It 
broke  into  three  pieces,  all  the  breaks  being  through  rivet 
holes.  It  had  run  only  8.900  miles.  A  bad  flaw  was 
found  in  the  body  of  the  tire.  The  Inspector  believes  that 
this  flaw  might  have  been  detected  by  careful  inspection. 
January  10,  1861,  mail  train  on  London  &  Northwestern 
was  derai'led  near  Bangor  by  broken  tire.  The  tire  was 
on  a  composite  wheel,  with  cast-iron  center,  wrought- 
iron  spokes  and  wooden  felloes ;  these  felloes  came  off 
when  the  tire  broke.  The  tire  was  four  years  old  and 
i}s  in.  thick;  it  broke  in  six  pieces  and  left  the  wheel  al- 
together. 

January  14,  1S61.  passenger  train  on  London  &  North- 
western was  derailed  near  Pinner  by  broken  tire  and  four 
passengers  hurt.  The  wheel  in  this  case,  as  in  the  last, 
was  a  Worsdell  wheel,  with  cast-iron  hub,  round  wrought- 
iron  spokes,  wooden  rims  or  felloes  and  wrought-iron 
tire.  The  tire  (i)$  in.  thick)  broke  first,  and  the  whole 
wheel  seems  to  have  came  to  pieces.  The  Inspector  in  | 
both  cases  condemns  this  class  of  wheel  as  not  sufficient- 
ly strong. 

January  14,  1861,  passenger  train  on  Manchester,  Shef- 
field &  Lincolnshire  was  derailed  near  Lincoln  by  broken 
tire  under  the  engine.     All  the  cars  were  derailed,  one    ' 
passenger  killed  and  two  others  hurt.     The  broken   tire    ! 
was  on  a  leading  wheel  4  ft.  in  diameter;  it  was  about  i  's    j 
in.  thick,  having  run  8,000  miles  since  the  last  turning.    ; 
It  broke  in  five  pieces,  which  were  scattered  along  the 
line.     The  Inspector  believes  that  the  break  was  caused 
by  the  thinness  of  the  tire  and  the  loss  of  strength  from 
bolt-holes,  and  again  recommends  improved  methods  of 
fastening. 


February  27,  1861.  express  train  on  London  &  North- 

'   western  was  derailed  near  Tring  by  the  breaking  of  a  tire 

under  a  carriage.     The  tire  was  a  new  one,  2  in.  thick;   it 

broke  at  the  weld,  showing  a  very  large  flaw,  and  opened 

out  21  '2  in.     The  tire  was  held  on  by  an  annular  key  or 

ring  fitting  in  a  groove  turned  in  the  inside  of  tire.     This 

ring  broke  also  and  about  5  ft.  of  it  were  missing.     The 

;    Inspector  thinks  the  annular  key  was  too  light  and  very 

;    badly  shaped  and  proportioned. 

November  15.  1863.  locomotive  of  a  train  on  the  Cale- 
donian Railway  was  derailed,  while  going  down  the  Beal- 
tock  incline,  by  the  loss  of  a  tire  on  a  leading  wheel.  The 
engine  upset  and  several  coaches  were  thrown  on  top  of 
it.  killing  a  passenger  and  injuring  five  others.  The  tire 
broke  in  three  pieces,  7  ft.  2  in.,  2  ft.  and  i  ft.  8  in.  long, 
respectively.  The  leading  wheel  was  42  in.  diameter  and 
i  carried  about  four  tons;  the  tire  had  run  only  2,700  miles 
and  was  2',4  in.  thick  on  tread.  It  was  fastened  to  the 
wheel-center  by  five  ,^s-in.  bolts,  and  all  the  breaks  were 
through  bolt-holes.  A  remarkable  feature  of  this  accident 
is  that  the  engine  ran  no  less  than  24  miles  without  the 
,  tire.  The  engineman  noticed  the  rough  motion  and  ex- 
amined the  engine  at  a  station;  he  found  a  spring  broken 
and,  taking  that  to  be  the  cause  of  the  rough  riding,  looked 
i    no  further. 

February  12,  1864,  a  four-wheeled  passenger  carriage  on 
the  Caledonian  road  brokea  tire  when  near  the  Bishopton 
I  tunnel.  The  car  ran  2-V  miles  before  the  train  was 
stopped.  The  tire  broke  in  two  pieces,  both  of  them 
being  forced  through  the  floor  of  the  carriage,  and  one  of 
them  killing  a  passenger.  The  tire  was  old  and  had  been 
worn  and  turned  down  from  i  '<  in.  to  ys  in.  It  was  fas- 
tened to  the  center  by  four  -'4 -in.  bolts  and  broke,  first  at 
the  weld  and  then  at  a  bolt-hole. 

April  14.  1S64,  locomotive  of  express  train  on  Great 
Northern  line  broke  tire  of  a  leading  wheel  when  near 
Little  Bytham  and  went  into  the  ditch,  nearly  the  whole 
train  following  it.  The  tire  broke  at  the  weld  and  was 
found  in  three  pieces  on  the  bank.  It  was  of  iron  s'A  in. 
wide  and  i  -'4  in.  thick  on  tread,  and  had  run  about  30,000 
miles.  The  wheel  was  4  ft.  diameter  and  carried  about 
5  j,  tons.  The  tire  was  fastened  to  the  center  by  flat  keys, 
on  Seattle's  plan.  The  weld  was  very  defective.  The 
Inspector  here  again  urges  the  necessity  of  better  methods 
of  fastening. 

In  all  the  cases  above  given,  the  accidents  were  due  to 
breakage  of  tires  only.  In  each  of  the  three  cases  where 
the  wheel  broke  the  breakage  followed  and  was  the  result 
of  the  failure  of  the  tire.  The  period  covered  by  the  ac- 
cidents given  (1853 — 1864)  was  that  in  which  iron  tires 
were  in  universal  use,  in  fact,  in  one  of  the  later  cases,  the 
Inspector  mentions  the  use  of  steel  as  something  new  and 
commends  its  introduction. 

In  a  majority  of  the  cases,  the  failure  seems  to  have  re- 
sulted from  defective  welding:  in  many  others  from  the 
drilling  of  bolt-holes  through  the  tire.  It  is  to  be  remarked, 
ho«ever.  that  there  is  no  accident  due  to  a  loose  tire  to 
be  found  in  the  reports  covered  by  the  present  statement. 
( To  be  continued.) 


Car-Couplers  and  Freight-Train  Brakes. 

[From  the  Ninth  .\nnu.il  Report  of  the  Railroad  Commissioners  of  Iowa.] 

Of  the  importance  and  absolute  necessity  of  automatic 
or  safety  couplers  for  freight  cars,  we  feel  that  we  cannot 
recede  from  the  position  taken  in  former  reports.  We 
are  not,  however,  sure  that  the  action  taken  by  some  of 
these  States  in  making  it  the  duty  of  the  railroad  commis- 
sioners of  these  States  to  select  certain  devices  for  coup- 
ling cars,  is  the  shortest  and  best  road  to  the  desired  end. 

In  quite  an  extended  trip  through  some  of  these  States, 
where  the  commissioners  have  selected  several  kinds  ot 
draw-bars  which  the  railway  companies  may  put  upon 
their  cars,  a  member  of  this  board  made  it  a  special  work 
to  go  into  the  y;irds  at  various  places  and  ask  of  the  yard 
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masters  and  men  under  them  how  they  liked  the  new  draw- 
bars. The  answer  invariably  was:  "We  don't  like 
them." 

Then  they  would  immediately  qualify  that  answer  this 
way;  "  If  the  companies  would  all  agree  upon  one  style 
of  draw-bar  and  put  that  on,  it  would  do ;  but.  where  there 
are  a  dozen  kinds,  we  get  confused  sometimes  when  we 
are  in  a  hurry,  and  we  d — n  all  these  new-fangled  affairs, 
and  wish  there  was  nothing  but  the  old  link-and-pin." 

There  is  a  good  deal  to  this.  Michigan  has  selected 
some  five  which  are  lawful  for  the  railways  to  put  on. 
New  York  has  chosen  si.\.  Massachusetts,  five.  Now,  if 
other  Slates  should  select  different  ones,  it  must  be  appar- 
ent to  the  most  casu  il  observer  that  the  trouble  and 
danger,  instead  of  being  lessened,  might  be  increased. 

The  conviction  is  forced  home  upon  us  that  the  only 
competent  parties  to  choose  the  coupler  for  general  and 
universal  use  are  the  railroad  companies  themselves  ;  the 
only  needed  legislation  upon  that  point  being  such  as  will 
compel  a  choice  within  a  reasonable  time.  It  may  not  be 
out  of  place  13  mention  here  what  seems  to  us  some  of 
the  prominent  hindrances  in  the  minds  of  railway  man- 
agers to  a  speedy  decision  of  this  coupler  question.  We 
think  these  are  well-grounded  reasons  in  the  minds  of  all 
practical  railroad  men  for  the  almost  universal  preference 
for  a  vertical,  plain-hook  coupler,  after  the  fashion,  some- 
what, of  the  ^Iiller  coupler,  now  so  common  on  passenger 
cars;  but  there  has  been  a  fear  that  such  couplers  would 
not  afford  the  required  slack  in  order  to  enable  the  engine 
to  start  the  train  and  help  il  over  sharp  grades. 

The  experiments  made  last  July  at  Burlington,  in  the 
freight-car  brake  tests,  opened  the  eyes  of  a  great  many 
railroad  men.  To  a  great  extent,  the  need  of  so  much 
slack  was  shown  to  be  a  myth,  and  it  is  difficult  to  tell 
what  those  tests,  there  made,  decided  most— the  true  char- 
acter of  the  coming  safety  draw-bar,  or  the  best  practical 
freight-car  brake. 

This  difficulty  of  slack  eliminated,  then  another  very 
serious  one  confronts  the  railway  manager. 

There  are  some  halt-a-dozen  or  more  hook  couplers 
that  are  so  nearly  perfect  and  have  so  many  points  in 
common,  no  thinking  man  with  the  intelligence  of  the 
average  railroad  manager,  but  fears,  if  he  decides  upon  any 
one,  he  is  liable  in  buying  and  using  it  to  buy  a  long, 
tedious  and  costly  patent-right  suit,  for  no  one  of  the 
owners  of  these  half-a-dozen  hook  couplers  that  are  so 
nearly  alike  will  see  his  competitor  putting  his  coupler 
into  general  use  and  his  own  left,  but  who  would,  in  all 
probability,  at  once  commence  suit  for  infringement. 
Could  the  proprietors  of  these  several  hook  couplers  pool 
their  issues  and  combine  their  interest  and  unite  good 
points  of  all  in  one.  there  is  but  little  doubt  that  the  rail- 
road companies  would  at  once  adopt  the  consolidated 
draw-bar. 

We  are  not  uttering  these  thoughts  at  random.  These 
conclusions  are  the  result  of  quite  extensive  interviews 
with  a  large  number  of  prominent  railroad  men,  as  well  as 
with  coupler  men. 

'■  Whenever  these  coupler  men  agree  among  themselves, 
where  their  couplers  are  so  nearly  alike  and  combine,  we 
are  ready  to  adopt  some  one  of  these  hook  couplers  as  a 
standard  one.  but  we  are  not  going  to  buy  a  lawsuit  of 
any  one  of  these  inventors  if  we  know  ourselves,"  is  the 
expression  often  heard  from  the  lips  of  railroad  managers. 
Thus  we  are  inclined  to  the  opinion  that  the  safety-coup- 
ler men  themselves  are  to-day  standing  in  the  way  of  a 
speedy  adoption  of  the  very  thing  they,  the  railroad  com- 
panies and  the  public  want. 

Our  attention  has  been  called  to  the  following  law, 
passed  bv  the  Legislature  of  the  State  of  New  York  (Sec- 
tion 4,  Chapter  39.  of  the  laws  1SS4),  which,  we  think, 
more  nearly  meets  the  wants  of  the  situation  than  any- 
thing in  the  way  of  legislalion  that  we  have  seen  ; 

"  After  July  I,  1886,  no  couplers  shall  be  placed  upon 
any  new  freight  car  to  be  built  or  purchased  for  use,  in 
whole  or  in  part,  upon  any  steam  railroad  in  this  State, 
unless  the  same  can  be  coupled  and  uncoupled  automatic- 
ally without  the  necessity  of  having  a  person  guide  the 
link,  lift  the  pin  by  hand,  or  go  between  the  cars.  The 
corporation,  person   or  persons  operating   said    railroafi. 


and  violating  the  provisions  of  this  section,  shall  be  liable 
to  a  penalty  of  not  e.xceeding  $100  for  each  oflense." 

AUTOMATIC  OR    POWER    BRAKES    FOR    FREIGHT  CARS. 

Since  our  last  report  there  has  been  a  long  step  taken 
toward  a  much  needed  and  universally  desired  improve- 
ment in  the  equipment  of  freight  cars.  We  refer  to  the 
remarkable  tests  of  freiglit-car  brakes  inaugurated  and 
carried  through  most  successfully  by  the  Master  Car- 
Builders"  Association,  at  Burlington,  this  State,  last  July. 
That  series  of  tests  marks  a  period  of  time  in  the  railway 
history  of  this  nation,  second  in  importance  to  no  other. 
It  was,  in  fact,  a  new  departure  in  railroad  practice,  some- 
thing entirely  novel  in  this  country,  but,  at  the  same  time, 
of  the  highest  importance.  As  an  indicator  of  the  times 
it  showed  very  clearly  that  railroad  companies  are  keenly 
alive  to  public  sentiment.  They  have  seen  that  the  public 
sentiment  of  this  civilization  was  about  to  demand  some- 
thing better  for  brakemen  than  the  common  hand-brake, 
worked  by  men  on  top  of  freight  cars. 

They  saw  that  public  sentiment  would  eventually  crys- 
tallize into  laws  compelling  the  use  of  some  automatic  or 
power  brake,  free  from  the  dangers  and  exposure  insep- 
erably  connected  with  those  now  in  use,  and  it  was  of  the 
utmost  importance  for  them  to  know  from  actual  and 
exhaustive  tests  which  one  of  the  several  brakes  pushed 
forward  for  favorable  recognition  was  the  best  for  all 
practical  purposes.  To  us  it  does  seem  that  the  responsi- 
bilit)- resting  upon  the  Committee  of  Master  Car-Builders 
who  have  charge  of  the  tests,  and  who  are  to  report  on  the 
same,  is  one  of  the  most  weighty  that  falls  to  the  lot  of 
man  to  discharge.  The  report  of  the  Committee  must,  of 
course,  influence  more  or  less  every  railroad  management 
in  the  United  States  in  deciding  what  brake  shall  be  used 
on  its  cars.  It  should  also  influence  future  legislation 
as  it  may  be  had  in  reference  to  safety  appliances  to  cars. 
It  should  be  well  understood  that  the  large  expendi- 
ture of  time  and  money  to  carry  on  these  tests  was 
not  designed  to  be  any  mere  child's  play.  It  meant  busi- 
ness through  and  through,  no  matter  who  went  down  or 
who  went  up.  The  interests  at  stake  reached  too  far  and 
too  wide  to  allow  of  any  swaying  of  judgment  by  any  mere 
individual's  interest  in  any  particular  brake.  The  final 
report  of  that  committee,  after  the  concluding  tests  next 
spring,  will  be  looked  forward  to  by  every  railroad  com- 
pany, and  by  trainmen  as  well  as  by  shippers,  with  intense 
interest.  It  is  to  be  sincerely  hoped  that  that  report  will 
give  no  uncertain  or  double  sound.  It  was  chosen,  and 
all  this  enormous  expense  has  been  incurred,  to  let  railway 
managers  know  and  to  inform  legislators  what  is  //;<■  best 
brake,  and  what  should  be  adopted.  If  not  for  this  end, 
then  surely  it  was  indeed  "child's  play."  Any  action 
taken  by  anv  of  the  State  Legislatures  in  refererice  to  an 
automatic  or  power  brake  after  the  report  of  that  com- 
mittee, could  with  reason  be  based  on  that  report,  and  no 
railroad  man  could  complain.  Any  unnecessary  delay  of 
action  by  the  law-making  power  after  such  report  would 
be  open  to  censure  by  trainmen  and  the  public  ;  hence, 
the  heavy  responsibil'ity  attaching  to  that  forthcoming: 
report. 

Yet.  this  is  the  only  correct  way  to  reach  the  desired! 
results.  Too  great  commendation  cannot  be  given  to  the' 
master  car-builders  who  inaugurated,  to  the  committee 
who  had  charge  of,  or  the  railroad  company  that  furnished 
the  facilities  for  carrying  through  these  important  tests. 
As  said  above,  a  very  important  mile  post  is  set  up  in  the 
history  of  railroad  progress  in  this  land. 

Before  leaving  these  points,  we  would  respectfully  ask 
of  railroad  managers,  master  car-builders,  and  of  inventors 
and  owners  of  safety  and  automatic  draw-bars:  Why  not 
inaugurate  a  crucial  test  of  automatic  couplers,  conducted 
j    by  a  competent  committee,  on  something  of  the  same  plan 
j    and  as  exhaustive  as  that  of  the  freight-car  brakes  ?     Let 
i    this  be  done  and  all  agree  to  abide  by  the  report  of  the 
]    committee.     We  see  no  other  way  to  reach  the  desired 
end  unless  it  be  the  one  suggested  on  another  page  in  this 
report,  viz.:  By  several  of  the  vertical  hook  couplers  com- 
bining and  pooling  their  interests.     Something  should  be 
done  soon.     The  people  will  not  allow  Legislatures   to 
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stand  idly  by  and  see  the  citizens  of  the  State  mangled 
and  killed  so  unnecessarily  as  they  now  are  by  the  use  of 
coupling  devices  that  have  not  been  improved  in  the  his- 
tory of  railroad  work  in  this  nation. 


A  Fast  Torpedo  Boat. 


i    ,. 


[Fr 


London  Eni^it 


In  a  recent  impression  we  gave  some  particulars  of  the 
trial  trip  of  a  boat  built  for  the  Italian  Government  by 
Messrs.  Yarrow  cS[  Co.,  which  attained  the  highest  speed 
known,  namely,  as  nearly  as  possible,  28  miles  an  hour. 
O.i  April  14,  the  sister  boat  made  her  trial  trip  in  the 
Lower  Hope,  beating  all  previous  performances,  and  at- 
taining a  mean  speed  of  25.101  knots,  or  over  28  miles  an 
hour.  The  quickest  run  made  .vitli  the  tide  was  at  the 
rate  of  27.272  knots,  or  31.44  miles  per  hour,  past  the 
shore.     This  is  a  wonderful  performance. 

In  the  following  table  we  give  the  precise  results  : 


Boiler. 

Ri- 

Vacuum. 

Revs, 
per 
min. 

Speed. 

Means. 

2nd 
■neans. 

' 

lbs. 
.3° 

lbs. 

3' 

in. 

23 

373 

Knots 

per  hour. 

22.641 

Knots 
per  hour. 

Knots 
per  hour. 

130 

3» 

28 

37=-7 

27.272 

24.956 

3 

130 

32 

28 

372 

22.784 

25.028 

24.992 

4 

130 

3= 

28 

377 

27.272 

25.028 

25.028 

'3° 

3= 

28 

375 

23.225 

25.248 

25.138 

130 

3= 

3' 

28 

377 
37«M 

25.248 

25.248 

Means 

,30 

25.,o. 

The  boat  is  140  ft.  long,  and  fitted  with  twin  screws 
driven  by  compound  engines,  one  pair  to  each  propeller. 
These  engines  are  of  the  usual  type  constructed  by  Messrs. 
Yarrow.  Each  has  two  cylinders,  with  cranks  at  90  deg. 
The  framing,  and.  indeed,  every  portion  not  of  phosphor- 
bronze  or  gun-metal  is  of  steel,  extraordinary  precautions 
being  taken  to  secure  lightness  ;  thus,  the  connecting-rods 
have  holes  drilled  through  them  from  end  to  end.  The 
low-pressure  cylinders  are  fitted  with  slide-valves.  The 
high-pressure  valves  are  of  the  piston  type,  all  being 
worked  by  the  ordinary  link  motion  and  eccentrics.  The 
engine-room  is  not  far  from  the  mid  length  of  the  boat, 
and  one  boiler  is  placed  ahead  and  the  other  astern  of  it. 
Each  boiler  is  so  arranged  that  it  will  supply  either  engine 
or  both  at  pleasure.  The  boat  has  therefore  two  funnels, 
one  forward  and  the  other  aft,  and  air  is  supplied  to  the 
furnaces  by  two  fans,  one  fixed  on  the  forward  and  the 
other  on  the  aft  bulkhead  of  the  engine-room.  The  fan 
engines  have  cylinders  5 'i  in.  diameter  and  3^'<  in. 
stroke,  and  make  about  1,100  revolutions  per  minute 
when  at  full  speed,  causing  a  plenum  in  the  stokeholes  of 
about  6in.  water  pressure.  Double  steam  steering-gear  is 
fitted  for  the  forward  and  aft  rudder  respectively,  and 
safety  from  foundering  is  provided  to  an  unusual  degree 
by  the  subdivision  of  the  hull  into  numerous  compart- 
m'ents,  each  of  which  is  fitted  with  a  huge  ejector,  capable 
of  throwing  overboard  a  great  body  of  water.  A  body  of 
water  equal  to  the  whole  displacement  of  the  boat  can  be 
discharged  in  less  than  seven  minutes.  There  is  also  a 
centrifugal  pump  provided,  which  can  draw  from  any 
compartment.  The  circulating  pump  is  not  available  be- 
cause it  has  virtually  no  existence,  a  very  small  pump  on 
the  same  shaft  as  the  centrifugal  being  used  merely  to 
drain  the  condensers.  These  last  are  of  copper,  cylindri- 
cal, and  fitted  with  pipes  through  which  a  tremendous 
current  of  water  is  set  up  by  the  passage  of  the  boat 
through  the  sea.  Thus  the  space  and  weight  due  to  a 
circulating  pump  is  saved  and  complication  avoided.  The 
air  and  feed-pumps  are  combined  in  one  casting,  let  into 
the  engine-room  floor  quite  out  of  the  way,  and  worked 
by  a  crank-pin  in  a  small  disc  on  the  forward  end  of  the 
propeller  shaft.  This  is  an  admirable  arrangement,  and 
works  to  perfection 

The   armament  of  the  boat  consists  of  two  torpedo  tubes 


ir>  her  bows,  andasecond  pair  set  at  a  small  angle  to  each — 
Yarrow's  patent — carried  aft  on  a  turntable  for  broadside 
firing.  There  are  also  two  quick-firing  3-lb.  guns  on  her 
deck.  The  conning  tower  forward  is  rifle  proof,  and 
beneath  it  and  further  forward  is  fixed  the  steering  en- 
gine and  a  compressing  engine,  by  which  air  is  com- 
pressed for  starting*thc  torpedoes  overboard  and  for 
charging  their  reservoirs.  A  small  dynamo  and  engine 
are  also  provided  for  working  a  search-light  if  necessary. 
The  accommodation  provided  for  the  officers  and  crew  is 
far  in  advance  of  anything  hitherto  found  on  board  a 
torpedo-boat. 

The  weather  on  the  morning  of  Thursday,  April  14, 
was  anything  rather  than  that  which  would  be  selected 
for  a  trial  or  indeed  any  trip  on  the  Thames.  At  1 1  A. 
M.,  the  hour  at  which  the  boat  was  to  loave  Messrs. 
Yarrow's  yard.  Isle  of  Dogs,  the  wind  was  blowing  in 
heavy  squalls  from  the  northeast,  accompanied  by  show- 
ers of  snow  and  hail.  The  Italian  Government  was  rep- 
resented by  Count  Gandiani  and  several  officers  and 
engineers.  In  all  there  were  about  33  persons  on  board. 
The  displacement  of  the  vessel  was  as  nearly  as  might  be 
97  tons.  A  start  was  made  down  the  jiver  at  1 1.15  a.  .\i., 
the  engines  making  about  180  revolutions  per  minute, 
and  the  boat  running  at  some  1 1  .'-^  or  12  knots.  During 
this  time  the  stokehole  hatches  were  open,  but  the  fans 
were  kept  running  at  slow  speed  to  maintain  a  moderate 
draught.  The  fuel  used  throughout  the  trip  was  bri- 
quettes, made  of  the  best  Welsh  anthracite,  worked  up 
with  a  little  tar.  The  briquettes  were  broken  up  to  con- 
venient sizes  before  being  put  in  the  bunkers.  This  fuel 
is  not  of  so  high  evaporative  efficiency  as  Nixon's  navi- 
gation coal  ;  but  it  is  more  suitable  for  torpedo-boat 
work,  because  it  gives  out  very  little  dust,  while  the  coal 
in  closed  stokeholes  half  smothers  the  firemen.  Water- 
ing only  partially  mitigates  the  evil.  Besides  this  the 
patent  fuel  does  not  clinker  the  tube  ends— a  matter  of 
vital  importance. 

During  the  run  down  to  Gravesend  the  small  quantity 
of  smoke  given  out  was  borne  down  and  away  from  the 
tops  of  the  funnels  by  the  fierce  head  wind,  and  now  and 
then  a  heavy  spray  broke  on  the  bows,  wetting  everything 
forward.  In  the  engine-room  preparations  were  made 
for  taking  indicator  diagrams.  No  attempt  was  made  to 
drive  the  boat  fast,  because  high  speeds  are  prohibited 
by  the  river  authorities  on  account  of  the  heavy  swell  set 
up.  The  measured  mile  in  the  Lower  Hope  is  on  the 
southern  bank  of  ths  river,  about  three  miles  below 
Gravesend.  Just  as  the  boat  passed  the  town,  in  the 
midst  of  a  heavy  rain-squall,  the  stokehole  hatches  in  the 
deck  were  shut,  and  the  dull  humming  roar  of  the  fans 
showed  that  the  fires  were  being  got  up.  The  smoke  no 
longer  rose  leisurely  from  the  funnels.  It  came  up  now 
with  a  rush  and  violence  which  showed  the  powerful 
agency  at  work  below.  A  rapid  vibrating  motion  be- 
neath the  feet  was  the  first  evidence  that  the  engines 
were  away  full  speed.  As  the  boat  gathered  way  she 
seemed  to  settle  down  to  her  work,  and  the  vibration 
almost  ceased.  The  measured  mile  was  soon  reached, 
and  then,  in  the  teeth  of  the  northeaster,  she  tore 
through  the  water.  The  tide  and  wind  were  both  against 
her.  Had  the  tide  and  wind  been  opposed,  there  would 
have  been  a  heavy  sea  on.  As  it  was,  there  was  quite 
enough  ;  the  water,  breaking  on  her  port  bow,  came  on 
board  in  sheets,  sparkling  in  the  sun.  which,  the  rain- 
squall  having  passed,  shone  out  for  the  moment.  As  the 
wind  was  blowing  at  least  30  miles  an  hour,  and  the  boat 
was  going  at  some  26  miles  an  hour  against  it.  the  result 
was  a  moderate  hurricane  on  board.  It  was  next  to  im- 
possible to  stand  up  against  the  fury  of  the  blast  with- 
out holding  on.  The  mile  w-as  traversed  in  less  than  2% 
minutes,  however ;  but  the  boat  had  to  continue  her 
course  down  the  river  for  nearly  another  mile  to  avoid 
some  barges  which  lay  in  the  way,  and  prevented  her 
from  turning.  Then  the  helm  was  put  over,  and  she  came 
round.  There  was  no  slacking  of  the  engines,  and  astern 
of  her  the  water  leaped  from  her  rudder  in  a  great,  up- 
heaved, foaming  mass,  some  7  ft.  or  8  ft.  high.  Brought 
round,  she  once  more  lay  her  course.  This  time  the 
wind  was  on   her  starboard   quarter,  or  still  more  nearly 
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aft.  The  boat  went  literally  as  fast  as  the  wind,  and  on 
deck  it  was  nearly  calm.  The  light  smoke  from  the 
funnels,  no  longer  beaten  down  by  wind,  leaped  up  high 
into  the  air.  Looking  over  the  side,  it  was  dill'icult  to 
imagine  that  the  boat  was  passing  through  water  at 
all.  Tlic  enormous  velocity  gave  the  surface  of  the 
river  the  appearance  of  a  sheet  of  steel  for  i  ft.  or  more 
outside  the  boat.  Standing  right  aft,  the  sight  was  yet 
more  remarkable.  Although  two  6-ft.  screws  were  re- 
volving at  nearly  400  revolutions  per  minute  almost  under 
foot,  not  a  bubble  of  air  came  up  to  break  the  surface. 
There  was  no  wave  in  her  wake ;  about  70  ft.  behind  her 
rose  a  gentle  swelling  hill.  Her  wake  was  a  broad, 
smooth,  brown  path,  cut  right  through  the  rough  surface 
of  the  river.  On  each  side  of  ihis'path  rose  and  broke 
the  angry  little  seas  lashed  up  bv  the  scourging  wind. 
Along  the  very  center  of  the  browii  track  ran  a  thin  ridge 
of  sparkling  foam,  some  2  ft.  high  and  some  20  ft.  long, 
caused  by  the  rudder  being  dragged  through  the  water. 
Tnere  was  scarcely  any  vibration.  The  noise  was  not  ex- 
cessive. A  rapid  whirr  due  to  the  engines,  and  a  rhyth-  \ 
micalclatter  due  to  the  relief- valve  on  one  of  the  port- 
engine  cylinders  not  being  screwed  down  hard  enough 
and  therefore  lifting  a  little  in  its  seat  at  each  stroke, 
made  the  most  of 'it.  The  most  prominent  noise,  per- 
haps, was  the  hum  of  the  fans.  Standing  forward,  the 
deck  seems  to  slope  away  downward  aft — as  indeed  it 
does,  for  it  is  to  be  noted  that  at  these  high  speeds  the 
fore  foot  of  the  boat  is  always  thrown  up  clean  out  of 
the  water— and  the  whole  aspect  of  the  boat,  the  funnels 
vomiting  thin,  brown  smoke,  and  occasionally,  when  a 
rtre-door  is  opened,  a  lurid  pillar  of  flame  for  a'  momenc ; 
the  whirr  in  the  engine-room;  the  dull  thunder  of  the 
fans,  produce  an  impression  on  the  mind  not  easily  ex- 
pressed, and  due  in  some  measure,  no  doubt,  to  the  ex- 
hilaration caused  by  the  rapid  motion  through  the  air.  ! 
The  best  way  to  convey  what  we  mean  is  to  say  that  the 
whole  craft  seems  to  be  alive,  and  a  perfect  demon  of  | 
energy  and  strength.  Many  persons  hold  that  a  torpedo 
boat  is  likely  to  be  more  useful  in  terrifying  an  enemy 
than  in  doing  him  real  harm,  and  we  can  safely  say  that  the 
captain  of  an  ironclad  who  saw  half  a  dozen  of  these  ves- 
sels bearing  down  on  him.  and  did  not  wish  himself  well 
out  of  a  scrape,  has  more  nerve  than  most  men. 

The  second  mile  was  run  in  far  less  time  than  that  in 
which  what  we  have  written  concerning  it  can  be  read, 
and  then  the  boat  turned  again,  and  once  more  the  head 
wind  with  all  its  discomforts  was  encountered.  Events 
repeated  themselves,  and  so  at  last  the  sixth  trip  was 
completed,  and  the  boat  proceeded  at  a  leisurelv  pace 
back  again  to  Poplar.  Mr.  Crohn,  representing  Messrs. 
Yarrow  on  board,  and  all  concerned,  might  well  feel  sat- 
isfied. We  had  traveled  at  a  greater  speed  than  had  ever 
before  been  reached  by  anything  that  floats,  and  there 
was  no  hitch  or  impediment,  or  trouble  of  any  kind. 

The  Italian  Government  may  be  congratulated  on 
possessing  the  two  fastest  and'  most  powerful  torpedo- 
boats  in  the  world.  We  believe,  however,  that  Messrs. 
Yarrow  are  quite  confident  that,  with  twin-screw  triple 
expansion-engines,  they  can  attain  a  speed  of  26  knots  an 
hour,  and  we  have  no  reason  to  doubt  this. 

The  description  of  this  remarkable  boat  and  its  trial 
trip  are  taken,  as  above  noted,  from  the  Eng/neer  ,■  for 
the  accompanying  illustrations,  showing  the  "general  de- 
sign and  arrangement  of  the  boat,  we  are  indebted  to 
Engineering. 


The  Bussey   Bridge  Accident. 

The  Massachusetts  Railroad  Commissioners  have 
issued  an  elaborate  report  on  the  accident  on  the  Dedham 
Branch  of  the  Boston  &  Providence  road  on  March 
14  last,  commonly  known  as  the  Bussey  Bridge  acci- 
dent. This  report  gives  a  summary  of  the  evidence  taken, 
a  history  of  the  bridge  and  comments,  and  gives  also 
views  of  the  wreck  and  drawings  of  the  bridge.  The  re- 
port does  not  add  much  to  what  has  been  already  pub- 
lished on  this  accident;  the  most   important   part  is  the 


summary  and  the  recommendations,  which  are  given  in 
full  below,  with  some  of  the  statements  as  to  the  cause  of 
the  accident : 

THE   CAUSE   OK    THE    I>1S.A.STEI<. 

The  testimony  of  the  passengers,  of  the  employes  on 
the  train  and  of  two  outside  witnesses,  shows  conclusively 
that  the  trouble  originated  on  the  north  half  of  the  bridge, 
and  the  evidence,  as  a  whole,  clearly  indicates  that  the 
original  cause  of  the  disaster  was  the  breaking  of  the 
hangers  at  the  joint-block  at  the  north  end  of  the  Hewins 
truss  In  this  view  the  counsel  of  the  corporation  and 
the  experts,  including  the  expert  employed  by  the  corpo- 
ration, concur.  These  hangers  were  found  in  the  street, 
and  were  examined  by  several  people,  including  one  of 
the  Commissioners,  on  the  morning  of  the  accident.  They 
were  broken,  the  upper  loops  with  part  of  the  shank  re- 
maining in  the  joint-block,  and  the  lower  loops  with  the 
remainder  of  the  shank  lying  near  by. 

One  hanger  was  broken  through  the  shank,  and  about 
seven-eighths  of  this  break  was  old.  In  the  other  hanger 
the  lower-loop  was  broken  on  the  side  and  at  its  junction 
with  the  shank.  At  the  shank  there  were  indications  of 
an  old  break  through  about  one-eighth  of  the  sectional 
area.  The  hangers  should  have  been  die-forged.  They 
were  loop  welded,  and  the  weldings  were  imperfect. 

The  eccentricity,  so  called,  of  these  hangers  was  un- 
necessary. This  eccentricity  caused  the  strains  to  be 
transverse  and  unequally  distributed.  In  consequence 
thereof,  the  hangers  were  for  their  work  in  the  bridge  not 
nearly  as  strong  as  the  same  amount  of  material  would 
have  been  had  they  been  properly  designed.  Portions  of 
them,  without  making  any  allowance  for  the  jar  of  the 
train,  were  subjected  by  each  passing  engine  to  strains 
approaching,  if  not  in  excess  of,  the  elastic  limit.  _  The 
margin  of  strength,  if  any,  was  so  small  as  to  be  inconsist- 
ent with  safely.  Iron  will  surely  break  if  repeatedly  sub- 
jected to  a  load  which  strains  it  materially  beyond  its 
elastic  limit.  The  hangers  were  unfit  for  their  work. 
The  wonder  is  that  they  held  on  so  long  as  they  did. 
They  had  been  breaking  for  some  time.  On  the  morn- 
ing of  the  accident  there  was  little  more  than  the  equiv- 
alent of  one  hanger  left. 

The  theory  that  the  disaster  was  due  to  a  derailment 
of  the  train  received  no  sufficient  conlirmation.  On  the 
contrary,  the  fact  was  abundantly  established  by  the 
evidence  that  neither  the  ties  on  the  embankment  south 
of  the  bridge  nor  those  on  the  south  half  of  the  bridge 
itself  showed  any  signs  of  derailment.  If  a  derailment 
occurred  it  must  have  occurred  within  a  few  feet  of  the 
joint-block  at  the  north  end  of  the  Hewins  truss. 

A  theory  was  also  started  at  the  investigation,  that  the 
disaster  might  have  been  caused  by  the  dropping  of  a 
brake-beam  between  the  ties,  but  the  theory  was  not  sup- 
ported by  the  necessary  evidence.  If  a  brake-beam 
dropped  at  all  it  must  have  dropped  within  a  few  feel  of 
the  hangers.         *         *         *         * 

SUMMARY  AND    RECOMMENDATIONS. 

The  conclusions  which  have  been  reached  by  the  Board 
are  as  follows : 

The  contract  for  rebuilding  the  bridge  in  1876  was 
made  without  proper  examination  as  to  the  standing  of 
the  contractor. 

Those  who  acted  for  the  corporation  in  making  the  con- 
tract had  not  suflicient  knowledge  of  iron-bridge  building 
to  enable  them  to  pass  intelligently  upon  the  design  and 
specifications. 

The  design  and  specifications  for  the  bridge  were  not 
such  as  should  have  been  accepted. 

The  bridge  was  constructed  practically  without  super- 
intendence on  the  part  of  the  corporation,  and  the  corpo- 
ration neglected  to  preserve  a  copy  of  the  specifications, 
drawings  and  strain  sheets. 

The  tests  of  the  bridge  were  not  made  in  the  presence 
of  any  one  acting  for  the  corporation  who  was  qualified  to 
judge  of  their  value. 

From  the  time  of  the  construction  of  the  bridge  to  the 
day  when  it  (ell,  the  railroad  company  had  caused  it  to 
be  examined  by  one  man  only,  who,  year  after  year,  passed 


Vol.  LXI,  No.  6] 


ENGINEERING    JOURNAL. 


264 


over  vital  parts  of  the  bridge  without  realizing  that 
they  were  of  importance.  This  man  had  been  in  the  em- 
ployment of  the  corporation  for  a  long  series  of  years,  his 
trade  was  that  of  a  machinist,  he  had  not  been  educated 
as  a  civil  engineer,  and  the  management  had  abundant 
reason  to  know  that  he  was  not  qualified,  and  had  had  no 
opportunity  to  qualify  himself,  to  do  the  work  assis^ned 
to  him  with  reference  to  this  bridge. 

The  series  of  tests  of  the  bridge  recommended  by  the 
Board  in  1S81  was  not  made. 

In  the  erection  and  inspection  of  bridges  the  manage- 
ment of  a  railroad  is  bound  to  exercise  the  utmost  care. 
Had  such  care  been  exercised,  there  is  every  reason  to 
believe  that  the  disaster  would  have  been  prevented.  On 
the  thirty-second  page  of  the  last  the  report  ofCommis- 
sion  is  the  following:  "  The  Hsard  renews  the  expression 
of  its  belief  that  a  prevcntiblc  accideut  is  a  crime." 

Notwithstanding  the  repeated  warnings  of  the  Board, 
the  spaces  between  the  ties  on  this  bridge  were  far  too 
great  for  safety. 

Notwithstanding  the  recommendation  of  the  Board  in 
1881,  no  suitable  guard-rails  or  guard-timbers  were  placed 
upon  the  bridge. 

The  Westinghouse  automatic  air-brake,  a  safety  appli- 
ance remarkable  alike  for  its  simplicity  and  effectiveness 
and  long  ago  approved  and  adopted  by  all  the  leading 
railroads,  was  not  in  practical  operation  on  this  train, 
neither  was  the  train  furnished  with  a  sulTicient  number 
of  brakenien  to  comply  with  the  requirements  of  the 
statute. 

The  disaster  and  the  facts  which  have  been  disclosed 
impose  a  great  responsibility  on  the  Board  of  Directors. 
It  is  their  duty,  by  the  most  searching  inquiry,  to  ascer- 
tain forthwith  whether  any  other  work  has  been  done  in  a 
like  negligent  and  incompetent  manner.whether,  in  other 
matters,  reasonableand  well-approved  precautious  against 
accident  have  been  ignored  or  neglected,  and  whether 
false  economy  has  been  practised  and  safety  sacrificed. 
They  should 'not  rest  until  they  have  taken  the  most  ener- 
getic measures,  without  regard  to  expense  and  without 
regard  to  persons,  to  correct  the  past  and  to  insure  better 
and  safer  management  in  the  future.  So  far  as  relates  to 
bridges,  the  directors  have  already  caused  a  thorough  ex- 
pert examination  to  be  begun.  Fortunately  there  are  but 
few  bridges  on  the  line. 

In  mitigation  of  the  sentence  of  condemnation  called 
for  by  the  foregoing  findings  and  in  support  of  the  hope 
that  the  history  of  the  Bussey  Bridge  is  exceptional,  it  must 
be  remembered  that  from  1 869,  when  the  Board  of  Railroad 
Commissioners  was  created,  up  to  the  time  of  this  disas- 
ter, a  period  of  18  years,  there  has  been  no  train  accident 
on  the  Boston  &  Providence  Railroad  which  resulted 
in  the  loss  of  a  life  of,  or  even  in  serious  injury  to,  a  pas- 
senger. 

The  accident  furnishes  another  proof  of  the  necessity  of 
abolishing  the  deadly  car  stove. 

As  bridges  embody  many  possibilities  of  danger,  it  is 
proper  that  special  means  should  be  taken  to  secure  care- 
ful, competent  and  faithful  construction  and  a  thorough 
and  scientific  examination  of  them  by  the  railroads  at 
regular  intervals,  followed  by  a  thorough  State  inspection. 
The  importance  of  such  action  is  emphasized  by  the 
fact  that  the  weight  of  engines  and  of  the  rolling-stock  of 
railroads  and  of  the  loads  carried  has  been  increasing  for 
many  years.  The  weight  of  engines  and  rolling-stock  has 
doubled  within  20  years.  Moreover,  the  speed  of  the 
heavy  passenger  express  and  through  freight  trains  has 
also  largely  increased. 

The  e.xamination  made  by  the  Board  of  Commissioners 
can  at  best  be  but  cursory.  There  are  over  1,000  bridges 
in  the  State,  and  no  member  of  the  Board,  no  matter 
what  his  scientific  education  may  be,  can,  in  addition  to 
his  other  duties  as  Commissioner,  make  anything  but  a 
brief,  partial  and  unsatisfactory  examination  of  them.  A 
proper  inspection  in  behalf  of  the  State  would  require, 
practically,  the  whole  time  of  a  bridge  expert. 

The  Board  recommend  the  passage  of  an  act  requiring 
every  railroad,  at  least  once  in  two  years,  to  have  a 
thorough  examination  of  all  bridges  on  its  lines  made  by 
a  competent  and  experienced  civil  engineer,  who  shall  re- 


port in  writing  to  the  corporation  and  to  the  Board  of 
Railroad  Commissioneis  the  results  of  his  examination, 
his  conclusions  and  recommendations.  The  reports  should 
embrace  such  information  in  relation  to  the  history  and 
construction  of  each  bridge,  including  detail  drawings  and 
strain  sheets,  as  may  be  called  for  by  the  Board  of  Rail- 
road Commissioners,  and  said  Board  should  be  authorized 
to  employ  a  competa^t  expert  to  examine  such  reports 
and  make  such  further  examination  of  the  bridge  struc- 
tures as  may  be  deemed  necessary  or  expedient. 


New  York  Harbor  Improvements. 

(From  llie  New  York  ■Jimes.) 

The  river  and  harbor  improvement  work  in  the  vicinity 
of  the  city  is  at  present  going  on  somewhat  slowly,  owing 
to  the  faot  that  the  last  session  of  Congress  did  not  re- 
sult in  adding  to  the  appropriation  for  that  purpose.  The 
work,  which  is  very  diverse,  is  being  carried  on  upon  the 
unexpended  funds  remaining  of  the  previous  appropria- 
tion. It  covers  a  wide  area,  however,  and  is  of  very 
general  interest. 

In  the  East  River,  ever  since  Flood  Rock  went  first  up 
into  the  air  and  then  down  into  the  water  in  October, 
1885,  the  task  has  been  simply  one  of  dredging.  It  is 
somew-hat  different  from  mud  dredging,  however.  The 
material  to  be  removed  consists  wholly  of  broken  rock, 
and  the  dredge  is  a  huge  grapple,  shaped  like  a  clam 
shell  with  iron  fingers  or  teeth.  It  is  lowered  in  an  open 
condition  to  the  bottom,  and,  once  there,  the  span  is  equal 
to  a  stone  of  15  ft.  in  length.  Recently  a  38-ton  rock 
came  to  the  surface  in  one  haul— the  largest  result  which 
any  steam  grab  bag  of  the  kind  has  ever  produced.  Only 
one  dredger  is  now  at  work,  the  second  contract  being  in 
progress.  The  first  was  for  the  removal  of  30,000  cubic 
yards  and  was  completed  in  last  July.  The  second  covered 
50,000  yards,  of  which  30,000  have  now  been  taken  a  way. 
The  dredger  has  double  crews  and  is  at  work  night  and  day. 

The  results  thus  far  consist  in  a  350-ft.  channel  across 
the  reef,  with  a  depth  across  the  entire  width  of  18  ft. 
No  wrecks  have  been  known  in  Hell  Gate  since  the  ex- 
plosion, where  before  they  were  of  daily  and,  in  fact,  tidal 
occurrence.  The  estimated  traffic  passing  through  there 
is  now  $4,000,000  per  day.  All  the  ships  from  Newtown 
Creek  and  the  refineries  and  other  industrial  enterprises 
in  that  vicinity  go  and  come  by  that  route,  and  4,000-ton 
steamers,  350  ft.  in  length,  are  frequent  passengers,  where 
they  were  formerly  unknown. 

The  work  is  by  no  means  completed,  however.  To 
create  a  depth  of  30  ft.  across  the  whole  reef  will  require 
the  removal  of  350.000  cubic  yards.  Flood  Rock  proper 
is  still  out  of  water,  though  the  rock  is  broken  up  to  a 
depth  of  30  ft.  Its  removal  is  simply  a  question  of  dredg- 
ing. The  Nigger-Head  Reef  has  a  depth  of  iS  ft.  at  low 
tide.  The  Hen-and-Chickens  also  has  a  depth  of  18  ft. 
and  these  two  were  the  main  obstructions.  The  Gridiron 
is  almost  bare  at  low  tide,  but  the  plans  contemplate  a 
uniform  depth  of  26  ft.  at  low  tide  over  the  entire  area. 

Over  Frying-Pan  Rock,  a  reef  about  200  by  loo  ft.  in 
size  1,000  ft.  north  of  Flood  Rock,  there  is  now  a  depth 
of  about  iSft.,  which  is  to  be  increased  to  the  regulation 
limit.  The  process  consists  in  excavating  6-in.  holes 
with  a  steam  drill,  working  in  a  dome  which  rests  on  the 
bottom.  The  hole  is  bored  to  a  depth  of  16  ft.  and  then 
blasted.  The  same  plan  of  working  from  the  surface  has 
been  pursued  with  Pot  Rock,  between  Negro  Point  and 
Astoria.  This  is  a  reef  about  the  same  size  as  the  Frying 
Pan,  and  originally  had  a  depth  of  only  8  ft.,  which  has, 
however,  been  increased  to  24  ft.  Negro  Point  is  at  the 
south  end  of  Ward's  Island.  This  reef  is  300  ft.  long  and 
is  about  two  acres  in  area.  It  will  require  to  be  mined 
and  be  subjected  to  the  gentle  suasion  of  50,000  pounds  of 
powder  to  destroy  its  present  cohesiveness.  When  these 
various  improvements  are  completed  there  will  be  a  clean 
channel,  1,290  ft.  wide  and  26  ft.  in  depth,  through  that  part 
of  the  East  River  which,  in  the  whole  previous  history 
of  American  navigation,  has  been  known  only  to  bf 
avoided.  It  is  approximately  estimated  that  81,000,000 
will  cover  the  entire  expense,  and  two  years  suffice  for  the 
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necessary  time.  As  Congress  will  not  reach  the  appropria- 
tion bill,  however,  until  near  the  close  of  the  next  session, 
there  is  no  immediate  prospect  that  the  work  will  be  soon 
completed. 

The  Harlem  River  project,  by  which  the  North  and 
East  Rivers  will  be  united  through  a  channel  15  ft.  deep, 
is  in  a  promising  condition.  The  Commissioners  ap- 
pointed to  assess  the  damages  and  benefits  have  filed 
their  report,  and  it  has  been  accepted  in  Washington. 
The  appropriation  of  $400,000  made  by  the  Government 
some  years  ago  for  this  work  now  becomes  available.  It 
was  made  with  the  proviso  that  the  work  should  not  be- 
gin until  the  Government  had  secured,  without  expense, 
the  right  of  way,  and  it  was  to  attain  this  that  the  Com- 
missioners were  appointed.  The  work  will  begin  in  a  few 
weeks.  There  is  a  large  amount  of  excavation  to  be  done, 
as  the  proposed  channel  runs  across  two  hills,  each  50  ft. 
in  height,  and  other  upland  of  inferior  altitude. 

The  improvements  in  the  Raritan  Hay  Channel,  through 
to  South  Amboy,  are  well  advanced,  but  require  further 
work.  The  Raritan  River  is  being  dredged  on  the  plans 
contemplating  a  depth  of  12  ft.  as  far  as  New  Brunswick. 
There  is  only  S26.000,  however,  with  which  to  do  the 
necessary  dredging,  and.  where  the  river  is  wide,  the  dik- 
ing to  protect  and  preserve  the  dredged  channel.  The 
sum  of  $20,000  will  be  needed  to  complete  the  work.  In 
Shrewsbury  River  it  is  proposed  to  make  a  6-ft.  channel 
to  Red  Bank  and  Branchport,  the  harbor  of  Long  Branch. 
This  requires  §100,000,  of  which  $10,000  are  at  hand. 
The  Passaic,  which  it  is  proposed  to  deepen  to  12  ft.  up 
to  Newark,  will  require  $100,000,  of  which  $26,000  has 
been  appropriated.  All  of  the  work  mentioned  is  under 
the  general  supervision  of  Walter  McFarland,  Lieuten- 
ant Colonel  of  Engineers,  the  New  Jersey  improvements 
being  in  charge  of  his  assistant,  Lieut.  G.  M.  Derby. 

The  most  important  work  now  in  progress  is  the  deep- 
ening of  the  main  bay  channel.  Proposals  have  been 
asked  for  the  dredging  of  1,000,000  cubic  yards  in  the 
vicinity  of  Flynn's  Knoll.  The  knoll  is  a  shoal  two  miles 
long,  west  and  north  of  the  South  Spit.  Its  present 
minimum  depth  at  low  tide  is  23  ft.  3  in.  It  is  proposed  to 
make  a  channel  30  ft.  deep  and  1,000  ft.  wide.  A  contract 
has  already  been  let  for  deepening  and  widening Gedney's 
Channel  to  the  degrees  named,  and  this  work  is  now  in 
progress.  Gedney's  and  what  is  known  as  the  main  chan- 
nel are  the  means  of  approach  for  all  the  large  sea-going 
vessels.  Work  is  also  in  progress  for  the  deepening  of 
Buttermilk  Channel  from  22  ft.  in  places  to  26  ft.  uniform- 
ly. Gowanus  Creek  is  to  be  dredged  to  a  depth  of  18  ft. 
up  to  the  Hamilton  Avenue  bndge,  and  Newtown  Creek  to 
a  depth  of  18  ft.  as  far  as  the  drawbridge. 

Surveys  are  also  in  progress  to  ascertain  the  condition 
of  the  bar.  This,  contrary  to  a  general  belief,  is  not  shal- 
lowed by  the  detritus  from  the  rivers  and  bay,  but  by  the 
action  of  the  ocean  currents.  The  work  employs  a  tug- 
boat and  a  rovvboat  and  is  carried  on  in  very  much  the 
same  fashion  as  land  surveying.  Two  tripods  between  40 
and  50  ft.  in  height,  are  planted  and  serve  as  transit  sta- 
tions, a  transit  and  its  operator  being  placed  on  each. 
Each  sounding  point  is  thus  located  and  the  depth 
measured.  The  work  has  not  advanced  far  enough  to 
give  definite  results  as  to  the  general  changes  in  the  bar 
since  the  last  survey.  Favorable  weather  is  a  prime 
necessity  in  the  work,  and  available  days  have  not  been 
numerous  for  some  time.  1  f  the  weather  continues  pleas- 
ant, and  the  water  sufficiently  calm,  results  can  be  an- 
nounced in  about  two  weeks  more. 


The  Gogebic  Iron  Ore  Mines. 

(From  the  Engimtrijig  and  Minini;  JourrtaL^ 

The  Gogebic  Range  iron  ore  mines  are  certainly  the  most 
important  mineral  development  of  recent  times.  In  the 
three  years  since  the  first  mine  was  discovered,  the  open- 
ing of  mines  has  proceeded  at  a  marvelous  rate;  but  the 
extent  of  the  ore-bodies  opened  is  scarcely  less  remarkable 
than  the  rate  at  which  the  ore  has  been  extracted. 

The  Gogebic  Range  extends  in  a  northeasterly  and  south- 
westerly direction  for  a  distance  of  perhaps  30  miles,  about 


half  of  which  is  in  the  State  of  Michigan,  and  the  other 
half  in  Wisconsin.  The  ore  is  found,  as  has  been  many 
times  described  in  these  pages,  in  lenses  of  two,  more  or 
less  parallel,  so-called  veins,  which  are  in  general  from  300 
to  400  ft.  apart  and  dip  to  the  northwest,  conformably  with 
the  country  rock,  and  at  an  angle  which  varies  from  50°  to 
70°.  These  ore  bearing  zones  are  called  the  South  and 
North  veins,  a  designation  which  answers  very  well, 
though,  in  connection  with  the  illustrations  that  have 
been  published,  it  may  give  the  erroneous  impression  that 
the  ore  is  continuous  in  each  vein  over  the  entire  length 
of  the  range.  As  a  matter  of  fact,  the  ore  occurs  as 
lenses  in  these  "veins"  or  ore  zones,  and  these  lenses, 
while  dipping  to  the  northwest  with  the  general  dip  of 
the  vein  and  country-rock,  have  also  a  dip  to  the  east  in 
the  vein.  If  this  page  were  the  vein  dipping  north  at  an 
angle  of  say  65  ,  the  top  and  bottom  of  the  page  repre- 
senting horizontal  lines,  then  an  ore  body  or  lens  com- 
mencing at  the  upper  left  hand  corner,  would  cross  the 
page  from  left  to  right  (southwest  to  northeast),  at  an 
angle  of  30^  to  40"  with  the  horizontal  line.  The  degree 
of  this  dip,  thus  generally  stated,  has  not  been  accurately 
determined,  though  it  is  recognized  in  every  mine  yet 
opened,  and  probably  varies  between  the  figures  given. 

This  northeasterly  flat  dip  of  the  ore  lenses  in  a  vein 
which  has  a  general  dip  to  the  northwest,  is  a  point  of 
considerable  importance  in  some  cases,  for  it  may  quickly 
carry  large  ore-bodies  out  of  any  given  property  where 
they  outcrop  near  its  eastern  boundary. 

The  ore-bodies  in  the  north  vein  appear  to  be  much 
less  regular  and  well  defined  than  those  in  the  south  vein. 
Indeed,  at  the  Colby  Mine,  where  both  veins  are  worked 
extensively,  the  ore-body  in  the  north  vein  appeared  at  a 
very  moderate  depth  to  be  cut  oflf,  but  upon  investigation 
was  found  to  be  in  the  foot-wall  in  an  irregular  mass,  with 
pieces  of  the  foot-wall  rock  jutting  out  into  the  ore  in  the 
most  capricious  manner;  and  though  probably  nearly 
100,000  tons  of  ore  have  been  extracted  from  this  vein,  it 
is  yet  uncertain  whether,  the  ore-bodies  in  the  north  and 
south  veins  may  not  meet  in  depth.  The  intervening 
rock,  which  was  more  than  300  ft.  in  thickness  on  the  sur- 
face, is  scarcely  more  than  half  this  thickness  at  a  depth 
of  1 50  ft. 

And  yet  the  extreme  irregularity  in  the  north  ore-body 
of  the  Colby  mine  and  in  its  foot-wall,  in  connection  with 
the  remarkable  parallelism  of  the  finds  of  ore  on  the  sur- 
face in  the  two  veins,  appears  to  indicate  that  the  rock  be- 
tween the  ore  bodies  is  not  merely  a  "  horse,"  which  will 
give  out  in  depth  and  bring  the  ore-bodies  together,  but 
that  these  lenses  occur  in  two  separate  zones,  though  in 
places,  as  in  the  Colby  Mine,  the  north  ore-body,  which 
has  there  an  abnormal  thickness,  may  have  replaced  a  por- 
tion of  the  quartzite  and  jaspery  slates  which  separate  the 
two  veins  or  ore  zones. 

The  very  origin  of  these  deposits  precludes  the  idea 
that  the  north  and  south  ore-bodies  can  be  considered  as 
parts  of  the  same  vein,  with  simply  a  "  horse  "  of  rock  be- 
tween. 

As  already  stated,  the  ore  is  collected  in  lenses  in  the 
ore-bearing  zone,  and  these  lenses  are  of  all  sizes,  from  a 
few  feet  in  length  and  thickness  to  masses  which  have, 
in  a  few  cases,  been  proved  continuous  in  horizontal 
length  for  nearly  or  quite  1,000  ft.,  and  that  swell  out  in 

j  places  to  a  proven  thickness  of  from  1 50  to  even  200  ft. 
of  6o  to  63  per  cent.  ore.     These  lenses  occur  at  intervals 

I  in  the  ore  zone;  sometimes  they  lie  in  echelon,  one  over- 
lapping the  other,  and  separated  by  but  a  few  feet  (usu- 
uallv  at  the  present  depth)  of  a  soft  talcose  rock  known 
locally  as  "soap  rock,"  and  sometimes  they  are  separated 
by  a  considerable  thickness  or  length  of  hard  jaspery 
slates. 

The  iron  ores  of  the  Gogebic  Range  are  generally  soft 
hematites,  or  sesquioxides  of  iron  ;  but  occasionally 
hard  ore  is  found,  and  in  some  cases  even  the  radiated  or 

j    needle  ore. 

These  "  veins  "  lie  conformably  between  a  quartzite,  or 

I  metamorphosed  sandstone,  foot-wall,  and  a  siliceous  jas- 
pery slate  top  or  hanging  wall.  The  ores,  as  well  as  their 
surrounding  rocks,  are   undoubtedly  of  sedimentary  ori- 

I    gin,  and  were  probably  deposited   originally  as  carbonate 
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of  iron— somewhat  similar  to  the  carbonate  deposits  at 
Burden,  on  the  Hudson  River — and  they  have  since  been 
altered  or  metamorphosed  until  in  this  district  they  are 
soft  hematites,  and  in  the  Marquette  Region  are  hard 
magnetic  or  specular  oxides. 

Though  their  very  origin  renders  these  ore-deposits 
more  uniform  and  permanent  than  many  others,  yet  it 
must  not  be  expected  that  workable  ore  will  be  found  at 
all  points  in  the  "veins,"  or  that  they  will  be  found  of 
equal  quality  at  all  depths.  In  some  cases,  to  which  we 
shall  hereafter  refer,  large  bodies  of  clean  shipping  ore 
have  been  found  to  commence  at  the  very  grass  roots, 
while  more  frequently  the  ore  near  the  surface  is  more  or 
less  mixed  with  bands  of  jaspery  slates  and  other  rock, 
and  is  too  silicious  to  be  marketable.  In  these  cases  the 
ore  has  very  frequently  improved  in  depth,  becoming  less 
mixed  with  rock.  No  doubt  this  improvement  has  been 
so  general  as  to  justify,  in  a  measure,  the  general  expecta- 
tion that  a  find  of  "  mixed  ore  "  may  lead  to  a  body  of  clean 
ore  in  depth  ;  but  the  rule  is  far  from  being  universally 
true,  and  the  expectation  that  all  occurrences  of  mixed  ore 
are  only  the  caps  or  tops  of  clean  ore-deposits,  is  not  only 
not  to  be  relied  on,  but  it  is  not  so  generally  the  case  as 
those  whose  fortune  depends  on  the  acceptance  of  the 
theory  would,  very  naturally,  have  one  believe. 

In  short,  the  value  of  each  particular  property  depends 
on  its  own  developments,  and  those  on  adjoining  ore- 
bodies  which  will  enter  it;  on  the  position  of  its  ore- 
bodies  with  respect  to  its  boundary  lines  ;  on  the  quality 
of  its  ores,  and  on  the  cost  of  mining  and  putting  them  in 
market,  including  the  royalties  or  ground  rents  to  be  paid. 
Most  of  these  are  questions  for  expert  determination. 

Every  important  investment  in  this,  as  in  every  other, 
mining  district  should  be  guided  by  expert  advice  ;  but  we 
shall,  in  referring  more  particularly  to  the  several  mines 
along  the  range,  give  some  pointers,  which  may  serve  as 
general  guides  in  estimating  values. 

That  these  are  now  in  many  cases  grossly  exaggerated, 
everyone  who  investigatestheir  foundation  can  easily  see  ; 
but  the  fact  that  the  Gogebic  Range  possesses  a  very  con- 
siderable number  of  magnificent  mines,  and  that  vast  for- 
tunes have  been  made  in  booming  Gogebic  stocks,  pre- 
pares, or  should  prepare,  every  one  to  expect  the  floating  of 
worthless  property,  and  the  vast  exaggeration  of  the  values 
of  some  of  the  good  mines. 

The  Iron  Ore  Belt  of  Minnesota. 


The  annual  reports  of  state  surveys  are,  for  the  most 
part,  dull  reading,  especially  for  non-residents  ;  since  they 
are  necessarily  of  a  detailed  and  fragmentary  character, 
showing  the  progress  of  investigation  in  many  different 
directions,  with  very  little  completed  work.  The  reports 
of  the  geological  survey  of  Minnesota  for  18S4  and  18S5, 
however,  embody  material  of  more  than  local  interest, 
and  it  is  desired  to  call  attention  here  to  those  portions, 
without  attempting  to  notice  the  entire  contents  of  the 
volumes. 

The  notes  on  the  section  from  Duluth  north  to  the  iron 
mines  about  Vermilion  Lake  give  Professor  Winchell's 
latest  views  concerning  the  stratigraphy  of  the  crystalline 
rocks  of  Northeastern  Minnesota,  between  Lake  Superior 
and  the  international  boundary.  The  height  of  land  be- 
tween Lakes  Superior  and  Vermilion  is  marked  by  two 
distmct  ranges — the  high  and  broad  Mesabi  Range,  com- 
posed of  eruptive  gabbro  and  red  metamorphic  granite; 
and,  north  of  this,  the  lower  and  narrower  Giant's  Range, 
consisting  of  gray  and  red  syenites,  which  have  been  re- 
ferred to  the  Laurentian,  and  mark  an  important  anticlinal 
axis.  North  of  this  axis,  and  dipping  north  at  high  angles, 
is  a  broad  belt  of  the  green  and  red  jaspery  and  magne- 
sian  schists  and  conglomerates  referred  to  the  Huronian. 
South  of  the  axis,  the  Huronian  series  appears  to  be  con- 
cealed by  a  fault;  but  we  have  above  it,  dipping  to  the 
south  in  conformable  succession,  the  Animikie  slates  and 
quartzites,  the  gabbro  and  granite  of  the  Mesabi  Range, 
and  the  greenish  trap  of  the  cupriferous  series,  extending 
from  the  Mesabi  Range  to  Lake  Superior. 


The  gabbro,  Animikie  and  Huronian  series  are  each 
!  characterized  by  important  deposits  of  iron  ore  ;  and  this 
district  is,  with  almost  phenomenal  rapidity,  assuming  a 
position  of  the  first  importance  as  regards  the  products  of 
its  mines.  The  iron  of  the  gabbro  belt  is,  as  usually  with 
rocks  of  that  class,  titanic.  It  furnishes  the  iron-sand  of 
the  Lake  Superior  bgach,  and,  so  far  as  known,  has  no 
parallel  in  Michigan  and  Wisconsin.  The  iron  ore  of  the 
Animikie  slates  is  hard  hematite  and  magnetite,  and  pro- 
bably parallel  to  the  Commonwealth  Mines  of  Wisconsin, 
but  without  any  known  equivalent  in  Michigan,  while  the 
Huronian  deposits,  occurring  chiefly  about  the  south  end 
of  Lake  Vermilion,  consist  almost  wholly  of  hematite,  and 
seem  to  agree  closely  in  character  and  position  with  the 
(  Marquette  and  Menominee  deposits  of  Michigan  and 
Wisconsin. 

The  Vermilion  Lake  Mines  are  being  rapidly  exploited, 
and  the  discovery  of  these  ore  bodies  is  regarded  as  mark- 
ing an  epoch  in  the  economic  history  of  Minnesota  and 
the  Northwest. 

The  salt  wells  of  Northwestern  Minnesota  and  the  ad- 
jacent portions  of  Dakota  and  Manitoba  are  believed  to 
give  promise  of  important  developments  ;  and  various 
facts  are  cited  tending  to  show  that,  although  the  occur- 
rence of  carboniferous  strata  in  this  region  has  not  been 
heretofore  definitely  known,  these  brines,  like  those  of 
Michigan,  really  have  their  source  in  that  formation 


Sir  William  Armstrong  on  Swift  Cruisers. 

On  Saturday  afternoon  (April  9),  in  the  presence  of 
more  than  100.000  spectators,  the  monster  armor-clad  war 
vessel  Vu/oria,  the  heaviest  ever  successfully  floated,  was 
launched  from  the  Elswick  shipyard  of  Sir  W.  G.  Arm- 
strong, Mitchell  &  Co.  (limited).  The  following  are  the 
dimensions  of  the  vessel:  Length  340  ft.,  breadth  70  ft. 
6  in.,  mean  draft  26  ft.  9  in.,  displacement  in  tons  10,500, 
horse-power  12,000.  She  is  protected  by  armor  18  in. 
thick,  and  will  be  armed  with  two  no-ton  guns,  twelve 
6-in.  guns,  and  about  90  smaller  guns.  The  Victoria  also 
possesses  a  powerful  torpedo  attack.  She  glided  into  the 
water  gracefully,  after  having  been  christened  by  Mrs. 
Forwood,  wife  of  the  Secretary  to  the  Admiralty,  Mr.  For- 
wood,  M.P.  Lord  Charles  Beresford  was  present,  and  also 
Mr.  W.  K.  White,  Chief  Constructor  of  the  Navy. 
{  Sir  William  Armstrong  first  proposed  the  toast  of  "The 
Queen,"  and  it  was  heartily  responded  to.  Sir  William 
next  proposed  the  toast  of  the  day,  "  Success  to  the  Vic- 
toria." He  said  that  she  was  not  only  the  first  armor-clad 
the  company  had  ever  built,  but  was  the  heaviest  ship 
that  had  ever  been  successfully  launched  in  this  country. 
The  Admiralty  seemed  disposed  to  slacken  their  expendi- 
ture upon  these  gigantic  vessels  and  to  expend  their 
operations  in  the  building  of  swift  cruisers,  and  he  had 
always  said  that  what  England  wanted  above  all  things 
was  a  numerous  fleet  (hear,  hear)  of  swift  cruisers,  not 
extemporized  out  of  passenger  boats  or  merchant  ships, 
but  built  and  especially  adapted  for  the  purpose  for  which 
they  were  intended — for  the  protection  of  our  widespread 
cornmerce,  and  for  aiding  in  the  defense  of  our  colonies. 
Now,  for  the  purpose  of  comparison  between  the  ships  of 
the  present  day  and  the  ships  of  the  past,  he  could  take 
no  more  fitting  example  than  the  Victory  of  the  old  time 
and  the  Victoria  of  to-day.  Nelson's  ship,  the  Victory, 
was  one  of  the  largest  of  her  time,  and  yet  her  displace- 
ment, with  everything  on  board,  was  only  3,500  tons.  That 
of  the  Victoria  of  to-day  was  10,500  tons.  The  Victory, 
in  accordance  with  the  usage  of  her  time,  was  built  of  oak. 
The  Victoria,  in  accordance  with  the  usage  of  our  time, 
was  built  of  iron.  The  Victory,  of  course,  depended  en- 
tirely upon  the  wind,  while  the  Victoria  was  dependent 
upon  steam.  The  speed  of  the  Victory  under  the  most 
propitious  conditions  was  barely  13  knots  an  hour;  while 
the  Victoria,  propelled  by  her  engines^of  1 2,oco  horse  power 
would  probably  reach  a  speed  of  17  knots  per  hour.  The 
heaviest  gun  on  board  the  Victory  was  under  three  tons, 
while  the  largest  gun  on  board  this  vessel  would  be  no 
tons.  The  largest  and  heaviest  shot  used  on  board  the 
Victory  at  Trafalgar  was  68  pounds ;  the  largest  and 
heaviest  on  board  the    Victoria   would  be  i.Soo  pounds. 
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The  weight  of  metal  delivered  from  the  Victon's  broadside 
was  only  1,150  pounds,  while  that  delivered  from  the  broad- 
side of  the  Viitoria  would  be  4,760  pounds.  In  point  of 
range,  artillery  penetration,  shell  power  and  so  forth,  the 
difference  was  so  enormous  that  a  comparison  could  not 
be  drawn.  The  armament  of  the  \'i<toria  would  be  two 
guns  of  1 10  tons  firing  ahead  and  on  either  side,  one  gun 
of  30  tons  firing  astern  and  on  either  side,  12  guns  of  5  tons 
each  in  an  armored  battery,  12  6-pound  quick-firing  guns, 
and  9  3  pound  quick-firing  guns,  besides  machine  guns  for 
smaller  ammunition  ;  and  in  addition  to  her  artillery  she 
had  a  powerful  ram  and  eight  torpedo  discharges,  four 
above  water  and  four  below.  In  the  days  of  the  Victory 
a  little  ram  was  the  practice  and  torpedoes  were  wholly 
unknown.  Therefore,  they  could  have  no  comparison  in 
that  respect.  Another  point  on  which  the  Victoria  com- 
pared most  favorably  with  the  Victory  was  in  the  small- 
ness  of  the  number  of  men  the  Victoria  would  need  to 
handle  her.  The  complement  of  the  Victory  was  850  of- 
ficers and  men.  The  I'ictoria  was  three  times  as  big,  and 
the  number  of  men  required  was  only  550,  and,  of  that 
number,  1 10  were  engineers  and  stokers.  It  was  then  im- 
possible to  work  the  armament  of  the  big  guns  now  in  use. 
Hydraulic  power  was  now  used.  Sir  M'illiam  proceeded 
to  argue  that  the  large  amount  of  money  spent  upon  the 
navy  was  not  lost,  but  was  beneficial  to  the  national  large 
in  many  ways,  and  he  resumed  his  seat  amid  loud  cheers. 
London  Daily  News. 

Fifty  Years  of  Yacht  Building. 

[.Abstract  of  papL- 

Thi.s  paper  reviewed  the  changes  in  this  branch  of  ship- 
building during  the  past  half  century,  tracing  the  effect 
of  the  departure  from  old  theories. 

The  few  yachts  above  20  tons  in  existence  in  England 
50  years  ago  were  modeled  after  brigs,  schooners  or  cut- 
ters of  the  Navy.  The  brigs  especially  were  about  the  size 
of  those  of  the  Navy,  but  were  considered  superior  in  sail- 
ing qualities.  One  of  the  best  known  was  ihtWatcrwitc/t, 
built  bv  Joseph  White,  of  Cowes,  in  1S32.  This  brig  had 
a  great  reputation  for  speed  and  weatherliness,  and  beat 
H.  M.  S.  Pantelon  about  4  miles  in  a  6  hours'  sail  to 
windward.  The  Waterwitch  was  bought  by  the 
Admiralty,  and  subsequently  Mr.  White  built  other  brigs 
for  the  Navy,  notably  the  Daring.  This  vessel  and  the 
Waterwitch  performed  the  best  to  windward  in  a  strong 
wind  and  head  sea  in  the  experimental  sailing  of  1844. 

The  cutter  rig  was  so  superior  in  point  of  weatherliness, 
the  author  claimed,  that  its  adoption  for  almost  all  yachts 
intended  for  racing  was  a  matter  of  natural  selection. 
Between  1815  and  1S37  there  was  seldom  any  time  allowed 
for  difference  of  size,  and  the  result  was  that,  with  any 
kind  of  breeze,  the  largest  vessel  came  in  first  and  won. 
As  there  was  no  ta.x  of  any  kind  on  any  of 
the  dimensions,  there  was  no  inducement  on  that  score 
to  alter  the  proportions  of  length,  breadth  and  depth  from 
the  prevailing  Navy  type.  These  proportions  were  from 
3  to  y/i  beams  to  length  of  water-line,  and  the  greatest 
transverse  section  was  placed  ahead  of  the  middle  of  the 
length,  by  a  distance  varying  from  one-tenth  to  one- 
fiftieth  of  the  length.  The  center  of  buoyancy  was  gener- 
ally situated  at  about  the  center  of  length,  and  it  appears 
to  have  been  an  aim  of  the  designers  to  keep  the  displace- 
ment of  the  fore-body  and  after- body  equal.  The  upper 
horizontal  water-lines  of  the  bow  were  short  and  full,  and 
the  load  water-line  aft  was  generally  full,  but  the  buttock 
or  vertical  lines  were  long  and  flat.  The  Fair  Rosamond 
schooner  of  this  cod's-head  type  was  designed  by  Mr. 
Fincham,  and  built  in  1846  by  Mr.  Campe.of  Gosport,  for 
the  late  Duke  of  Marlborough.  Mr.  Fincham  stated 
that  the  center  of  buoyancy  of  the  Fair  Rosamond  was 
.004,  in  terms  of  the  length,  abaft  the  center  of  length,  and 
that  she  would  have  performed  belter  in  a  head  sea  had 
her  center  of  buoyancy  been  farther  forward.  In  1847, 
he  designed  the  Novice  schooner  for  the  Earl  of  Desart, 
and  placed  her  center  of  buoyancy  .01 — 9  in. — ahead  of 
the  center  of  length.  There  is  no  doubt  that  Mr.  Fincham 
was  much  mistaken  in  attributing  so  much   subtle    influ- 
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ence  to  slight  variations  in  fore-and-aft  positions  of  the  can 
ter  of  buoyancy.  About  this  time  the  theory  of  the  late  Mr. 
John  Scott  Russell — that  the  bow  should  be  longer  than 
the  stern — began  to  be  accepted  as  nearer  the  truth  than 
the  old  theory  of  the  cod's  head  ;  and,  in  the  year  1847, 
whilst  Mr.  Fincham  was  designing  the  Novice,  a  very  re- 
markable vessel  was  built  on  the  Thames  as  an  exponent 
of  Mr.  Scott  Russell's  theory,  This  was  the  Mosquito 
cutter  of  59  ft.  water-line  and  1 5  ft.  4  in.  beam,  built  by  Mr. 
Mare,  of  Blackwall,  and  launched  in  1848.  The  Mosi/iiito 
was  like  one  of  the  cutters  of  the  period  turned  end  for 
end  ;  her  bow  was  long,  and  showed  considerable  hollow, 
and  her  after  body  was  short,  showing  great  fullness  both 
in  the  horizontal  and  buttock  lines.  Her  midship  section 
was  placed  4  ft.  6  in.  abaft  the  center  of  length  of  water- 
line,  and  her  middle  of  buoyancy  was  2  ft,  abaft  it.  Ac- 
cording to  the  old  practice,  the  Mosquito  should  have  had 
no  good  qualities  at  all,  especially  in  strong  winds  ;  but 
the  fact  is,  she  excelled  in  all  the  good  qualities  claimed 
for  the  bluff-bowed  craft ;  she  was  faster  than  any  other 
yacht  of  her  length,  on  any  point  of  sailing,  and,  in  a 
strong  wind  to  windward,  was  a  marvel  compared  with 
other  yachts.  However,  so  strong  was  the  prejudice 
against  the  "  long,  lean  bow,"  and  so  alarming  the  pre- 
d'ictions— that  some  day  the  Mosquito  would  take  a  dive 
and  never  come  up  again — that  no  one  could  be  found 
to  try  the  experiment  on  a  more  extensive  scale.  It  thus 
seemed  likely  that  the  old  type  would  be  continued  in 
spite  of  the  Mosquito  having]  in  a  superior  degree,  all  the 
good  qualities  it  was  contended  a  yacht  should  have. 

So  far  as  can  be  learned,  the  first  American  yacht 
race  took  place  just  50  years  ago,  and  it  does  not  appear 
that  any  yachts  existed  in  the  United  States  before  1835, 
and  those  built  subsequently,  up  to  the  year  1844,  were 
small  schooners.  In  the  year  named,  however,  a  remark- 
able vessel  was  built  in  Hoboken,  named  Maria,  on  the 
lines  of  the  flat-bottomed  coasters.  She  was  100  ft.  on 
the  water-line,  with  an  extreme  beam  of  26  ft.  8  in.,  and 
draught  aft  of  5  ft,  3  in.  She  was  fitted  with  a  center- 
board  which  dropped  16  ft.  below  the  keel,  and  also  had  a 
small  one  aft  to  prevent  her  griping.  She  had  a  long 
hollow  bow,  and  was  sloop  rigged,  with  jib  and  mainsail 
only.  The  foot  of  her  mainsail  was  92  ft.  long,  and  the 
foot  of  her  foresail  or  jib,  70  ft.  This  vessel  may  be  said 
to  have  been  the  original  of  the  American  center- board 
yacht ;  but,  although  she  showed  extraordinary  speed  and 
weatherliness.  there  appears  to  have  been  a  conviction 
that  more  depth  of  body  and  less  beam  would  be  better 
for  good  sea-going  qualities.  At  any  rate  George  Steers— 
the  son  of  a  Devonshire  shipwright  who  had  settled  in 
New  York—produced  the  keel  y?^c\\\.  America,  which  was 
destined  to  have  such  an  important  influence  on  British 
yacht  building  and  sail-making.  In  the  America  the 
principles  so  successfully  carried  out  in  the  Mosquito^tr^ 
embodied  with  equal  success;  she  had  a  long  and  some- 
what hollow  bow,  a  short  run,  and  the  center  of  buoyancy 
was  considerably  aft  of  the  middle  of  length,  as  will  be 
gathered  from  the  accompanying  table  : 

Mosquito,     .imerica 

l-eut.  Feet. 

Length  on  water  line 59-2  87.3 

Breadth,  extreme 15-3  "■= 

Draught  of  water,  e.Kiremc 11  >i-5 

Proportion  of  beam  10  length 0.257  0.254 

Midship  section  aft  center  of  length  in  terms  of  length 

ofL.W.L 0.076  0.071 

Center  of  buoyancy  ditto 0.032  0.041 

The  America  visited  us  in  1851.  and  achieved  a  remark- 
able success  at  Cowes  over  our  schooners.  This  success 
was,  no  doubt,  mainly  due  to  the  qualities  of  her  hull,  but 
the  unusual  flatness  of  her  sails  contributed  greatly  to  her 
fine  weatherly  qualities.     The    immediate   effect  of    the 

!  America's  success  was  rather  startling ;  almost  every 
yacht  in  existence  at  that  time  was  lengthened  by  the  bow, 

!    her  masts  raked,  and  sails  laced  to  the  booms  ;  and   the 

:  principles  which  had  been  so  strikingly  exemplified  in  the 
Mosquito  three  years  before  were  now  adopted  as  a  new 
discovery  of  infallible  merit.  This  marked  the  commence- 
ment of  a  new  era  in  yacht  designing,  and  the  subsequent 
development  of  yacht's  into  the  now'fashionable  type  has 
shown  no  considerable  departure  from  the  principles  ob- 

'    served  in  the  design  of  the  Mosquito. 
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As  soon,  however,  as  yacht  racing  became  a  general 
summer  pastime,  a  rating  for  size  became  a  necessity,  and 
the  size  test  adopted  was  simply  tlie  registered  tonnage 
of  the  day,  or  what  we  now  know  as  builders'  measure- 
ment, which  took  no  account  of  depth,  but  assumed  that 
it  always  equaled  half  the  breadth.  Frequent  competi- 
tion, and  the  teachings  of  investigators  of  naval  science, 
impressed  yacht  builders  very  forcibly  with  the  fact  that 
the  element  of  size  which  gives  speed  is  length  ;  and  that 
if  two  yachts  were  of  equal  tons,  but  one  should  happen 
to  be  longer  than  the  other,  then  the  longer  boat  would 
be  certain  to  prove  the  faster,  all  other  things  being  equal, 
such  as  sail  spread,  stiffness  and  fairness  of  lines,  etc.  Or 
if  two  vessels  were  of  equal  length  and  one  measured  fewer 
tons  than  the  other,  then  her  rating  would  be  smaller, 
and  she  would  receive  a  compensating  time  allowance. 
Although  lead  keels  had  some  years  previously — about 
1846 — been  introduced  as  a  mean's  of  increasing  stittness. 
aftershifting  ballast  to  windward  during  match  sailing  had 
been  abolished  ;  butuptoiS/O  no  yacht  was  to  be  found 
with  more  than  about  a  tenth  of  her  ballast  on  the  keel, 
and  the  majority  had  none  at  all.  A  better  knowledge  of 
the  good  effect  of  concentrating  the  ballast  in  the  middle 
third  of  the  length  of  the  vessel  rapidly  led  to  a  larger 
quantity  of  lead  being  placed  outside,  until  at  last  the 
whole  liallast  was  placed  outside  on  the  keel.  This  lower- 
ing of  the  ballast,  and  consequently  of  the  center  of  gravity 
enabled  the  designer  to  dispense  with  a  considerable 
quantity  of  breadth  and  add  to  the  length  lor  any  given 
tonnage,  until,  in  some  of  the  smaller  yachts,  the  length 
has  been  equal  to  6j<  beams,  and  in  the  larger,  5-4  beams 
The  power  to  carry  an  effective  quantity  of  canvas  in 
narrow  yachts  has  not,  however,  been  entirely  due  to 
placing  the  ballast  outside ;  for  any  given  nominal  tons 
the  displacement  has  been  largely  added  to  this.  These 
large  additions  to  the  displacement,  whilst  the  power  for 
getting  through  a  head  sea  may  have  been  increased, 
have  had  a  prejudicial  effect  on  the  attainment  of  high 
speeds,  mainly  on  account  of  the  enormous  wave-making 
it  induced.  Thus,  so  recently  as  1S80,  the  Arro-w  has 
been  driven  m  strong  winds  as  fast  and  sometimes  faster 
than  the  Formosa  or  Samivmi,  and  with  very  considerably 
less  wave  disturbance.  The  lead  keel  of  one  of  these  long, 
narrow  yachts,  it  should  be  explained,  is  in  breadth  about 
one- third  of  the  main  breadth  of  the  vessel,  and  in  weight 
is  equal  to  about  0.5  of  the  total  weight  of  vessel  in  a 
yacht  like  the  Galatea,  to  0.7  of  the  total  weight  in  a  3- 
tonner.  The  Americans  did  not  much  alter  this  center- 
board  type  of  yacht  and  keel  yacht  during  the  period  be- 
tween 1S45  and  1S85.  Accordingly,  when,  in  1885,  the 
owner  of  the  British  cutter  Gcncsta  challenged  for  the  cup 
won  by  the  America  at  Cowes.  in  1 85 1,  the  Americans  set 
to  work  to  produce  a  compromise  yacht,  but  distinctly 
more  American  in  type  than  British.  This  yacht,  in  sec- 
tion, was  of  the  broad  V  character — very  like  \.)\e.  America 
of  1851 — with  almost  twice  the  draught  of  water  that  the 
ordinary  shallow  center-board  yacht  had.  Beyond  this 
she  had  nearly  the  whole  of  her  ballast  outside,  in  the 
form  of  a  lead  keel,  supplemented  by  a  center-board  of 
considerable  area.  This  yacht  was  named  Puritan,  and, 
so  far  as  can  be  judged,  she  defeated  the  Genesta  on  her 
merits.  The  same  fate  befel  the  Galatea  last  year,  the 
Americans  having  built  another  yacht  of  this  new  type  to 
meet  her. 


Triple-Expansion  Engines. 


(From  Engineering.) 

AN  interesting  table  has  been  compiled  to  show  the 
difference  in  the  fuel  consumption  of  a  number  of  steam- 
ships, part  of  which  had  compound  and  part  triple-e.x- 
pansion  engines.  The  results  of  the  working  of  1 1  com- 
pound and  9  triple-expansion  engines  are  given  in  the 
table  which  was  attached  to  a  paper  recently  read  at  the 
Northeast  Coast  Institution  of  Engineers  and  Shipbuilders, 
by  Mr.  J.  P.  Hall.  The  paper  was  an  attempt  to  discover 
the  relative  value  of  the  two  kinds  of  engines  "  from  a 
shipowners  point  of  view,"  and  after  dealing  with  the 
questions  of  space,  of  wear  and  tear,  and  of  the  life  of  the 


different  kinds  of  boilers,  the  writer  dealt  with  the  very  im- 
portant question  of  fuel  consumption.  The  vessels,  whose 
performances  arc  given,  are  of  the  cargo-carrying  type, 
many  of  them  built  by  the  company  (Palmer's  Shipbuild- 
ing &  Iron  Company.  Limited)  Mr.  Hall  is  connected 
with,  and  where  tliis  is  not  the  case  he  considered  that 
the  facts  were  equally  to  be  relied  on.  Care  was  taken  to 
select  voyages  where  the  weather  was  "  reasonably  fine, 
and  as  nearly  as  possible  uniform."  The  tables  are  thus 
arrived  at :     The  "  consumption    is  taken  at  a  speed  of 

10  knots,  either  increased  or  reduced,  on  the  assumption 
that  the  power  or  coal  varies  as  the  cube  of  the  speed," 
and  the  consumption  tables  are  thus  brought  to  the  speed 
of  10  knots  with  1,000  tons  weight,  and  1,000  knots 
steamed,  for  simplicity  in  comparison.     Thus  tested,  the 

1 1  steamers  fitted  with  compound  engines  had  a  con- 
sumption of  1 9.748  tons  on  the  displacement  performance, 
whilst  the  9  triple-expansion  engined  steamers  had  a  con- 
sumption of  14.859  tons  on  the  displacement  performance. 
On  the  deadweight  performances  the  compounds  had  a 
mean  consumption  of  30.481  tons,  and  the  triple-expansion 
engines  one  of  22.744  tons.  Thus  the  saving  on  the  average 
of  the  vessels  is  24.75  percent,  on  displacement  performan- 
ces, and  25.38  per  cent,  on  the  deadweight  performances. 
Mr.  Hall  gives  in  his  table  a  number  of  instances  in  detail 
out  of  which  these  averages  arise,  one  of  which, 
being  a  comparison  between  two  vessels  owned  by  the 
same  firm,  and  under  the  same  superintending  engineer, 
of  similar  size  and  speed,  as  well  as  on  the  same  voyage 
(from  Liverpool  to  Bombay  and  back),  may  be  thus 
given  : 

Consumptioji  of  Coal  per  1,000  Tons  carried  per  1,000 
Knots. 


Displaren 

lent  Performance. 

Deadweight  Performance. 

Result. 

Saving  in  favo 
Triple. 

rof! 

Result. 

Y' 

*'tSX° 

rof 

tons. 
18.892 

14.598 

per  cent. 
22.72 

23.156 

per  cent. 
21.65 

Several  other  instances  are  given,  but  as  they  are  like 
that  above  included  in  the  general  summary  and  result 
it  is  needless  to  quote  more. 


The  Gandak  Bridge. 


(From  the  Indian  Engi, 


The  first  proposal  to  bridge  the  Gandak  River  at  its 
present  site  was  brought  forward  in  March.  18S3,  or  just 
four  vears  ago.  The  idea  was  that  the  several  systems  of 
meter-gauge  lines  north  of  the  Ganges  should  be  con- 
nected with  each  other.  These  systems  were  mainly 
three  :  the  Bengal  &  Northwestern  Railway,  the  Tirhoot 
State  Railwav.  and  the  Northern  Bengal  and  connected 
State  Railways.  The  obstacles  to  through  commiini- 
cation  between  these  three  systems  of  lines  were  mainly 
the  two  great  rivers,  the  Gandak  and  the  Kosi,  which  arain 
Nipal,  and.  after  emerging  through  narrow  gorges  in  the 
lower  ranges  of  the  Himalayas,  rush  with  great  and  de- 
structive velocity  across  the  clay  plains  of  Behar  and 
Bengal  to  join  the  Ganges,  the  Gandak  near  Patna,  and 
the  Kosi  between  Bhagulpur  and  Sahibganj.  The  very 
earlv  importance  of  the  town  of  Patna.  which  was  known 
to  ancient  Greek  and  Chinese  travelers,  must,  in  all  prob- 
ability, be  largely  ascribed  to  its  situation  at  the  junction 
of  two  great  natural  river  highways.  Mighty  streams 
which  were  formerly  aids  have  now,  however,  become 
obstacles  to  traffic,  as  is  evidenced  by  the  number  of  big 
bridges  which  are  being  rapidly  erected  all  over  India,  not 
the  least  important  of  which  is  that  over  the  Gandak. 

The  general  tendency  of  the  bulk  of  the  produce  of  the 
Northwest    Provinces,'  Behar    and    Bengal,    is    to    seek 


269 


THE    RAILROAD    AND 


[June,  vi 


European  markets  through  the  port  of  Calcutta.  There 
is,  however,  a  considerable  interchange  of  produce  be- 
tween the  different  districts,  the  conditions  of  which  vary 
considerably  owing  to  such  disturbing  causes  as  soil, 
climate  or  labor  supply.  Thus,  while  the  produce  of  the 
Northwest  Provinces  or  of  Tirhoot,  which  seeks  the  port 
of  Calcutta,  can  advantageously  be  brought  on  to  the  East 
Indian  Railway  at  I'atna  and  Mokameh,  respectively,  by 
the  Bengal  &  Northwestern  and  the  Tirhoot  railways,  it 
was  considered  necessary,  in  the  interests  of  the  local 
inter-district  trade  in  sugar,  tobacco,  rice,  etc.,  as  well  as 
for  the  economical  working  of  the  railways  themselves, 
that  they  should  be  connected  by  a  bridge  across  the 
River  Gandak. 

The  Secretary  of  State's  sanction  was,  therefore,  ob- 
tained to  its  erection,  and  the  first  commencement  of 
work  was  made  in  October,  1884.  The  bridge  has  now- 
been  completed,  and  was  opened  March  30,  1S87.  It  has, 
therefore,  occupied  less  than  2><  years  in  erection. 

Under  the  general  title  ol  Gandak  Bridge  are  in- 
cluded 2'/i  miles  of  railway,  connecting  the  Sonpur  ter- 
minus of  the  Bengal  &  Northwestern  Railway  with  the 
Hajipur  terminus  of  a  branch  of  the  Tirhoot  State  Rail- 
way. These  3'3  miles  of  line  contain  five  minor  bridges 
and  culverts,  as  well  as  the  main  bridge. 

The  river,  where  spanned  by  the  bridge,  is  about  2,000  ft. 
wide,  with  a  bed  of  exceptionally  troublesome  running 
quicksand,  which  is  always  liable  io  alteration  with  every 
few  inches  change  of  level  of  the  river.  Floods  are  known 
to  rise  to  a  height  of  22  ft.  At  one  point  of  the  bed  of 
the  river,  solid  ground  is  only  reached  at  a  depth  of  80  ft. 
beneath  the  surface  of  the  quicksand. 

The  bridge  consists  of  eight  spans  of  250  ft.  each,  resting 
on  piers,  which,  by  means  of  the  usual  Indian  system  of 
wells,  have  been  sunk  into  the  quicksand  and  solid  clay  to 
depths  varying  from  40  to  90  ft.  The  abutments  have  been 
founded  in  the  solid  ground  at  a  depth  of  about  30  ft.  be- 
low the  surface  of  the  bank.  The  girders  contain  alto- 
gether about  2,500  tons  of  steel  and  iron,  the  steel  in  one 
girder  being  igo'/i  tons. 

The  length  o(  the  bridge,  inclusive  of  the  abutment,  is 
2,100  ft.  The  3)3'  miles  of  railway,  which  include  the 
bridge,  will  cost  about  $714,000,  out  of  which  about  $500,- 
000  represents  the  cost  of  the  bridge  itself. 

Great  difficulty  was  experienced  in  traversing  the  valu- 
able grove  of  timber  usually  occupied  by  the  Sonpur  Fair, 
without  taking  up  too  much  ground  ;  this  difficulty  was 
got  over  by  the  construction,  within  the  limits  of  the  Fair 
ground,  of  an  arched  viaduct,  nearly  half  a  mile  long,  the 
arches  of  which  will  be  used  as  shops  during  the  Fair. 
In  return  for  the  use  of  these  arches,  the  land  upon  which 
the  viaduct  stands  has  been  given  free  by  the  owners. 

Since  the  commencement  of  the  work  it  has  been  car- 
ried out  under  the  orders  of  Mr.  Horace  Bell,  Superin- 
tending Engineer  in  the  Public  Works  Department,  the 
Manager  and  Engineer-in-Chief  of  the  Tirhoot  State 
Railway.  Mr.  R.  A.  Way,  E.xecutive  Engineer,  has  been 
in  immediate  charge  of  the  work  since  soon  after  its  com- 
mencement, when  it  was,  for  a  short  time,  in  charge  of 
Captain  Kunhardt. 


Hydraulic     Cement. 

It  must  be  admitted  that  the  general  distribution  of 
chemical  knowledge  in  all  branches  of  the  engineering 
profession  is  creating  a  vast  revolution  in  our  ideas  and 
playing  sad  havoc  with  many  time-honored  institutions. 
In  few  cases  is  this  more  clearly  shown  than  in  the  inces- 
sant— we  had  almost  written  wearisome — discussions  and 
quibblings  now  going  on  in  many  of  our  scientific  contem- 
poraries anent  the  relative  merits  of  various  artificial 
hydraulic  cements  employed  for  the  purposes  of  construc- 
tion. And  yet  the  question  as  to  what  should  be  the 
composition  and  qualities  of  a  good  cement  really  seems 
to  us  to  lie  in  a  nutshell,  when  we  remember  that,  roughly 
speaking,  it  is  actually  prepared  by  calcining,  until  near 
the  vitrification  point,  the  purest  obtainable  calcium  car- 
bonate with  about  22  per  cent,  of  its  weight  of  ordinary 
clay.  During  the  process,  the  carbonic  acid  gas  is  totally 
expelled,  there  is  formed  a  combination  of  silicates  and 


aluminates  of  lime,  Si033CaO  + AlsCSiOjCaO,  and  this 
calcined  mass,  being  ground  to  an  absolutely  impalpable 
fineness,  is  transformed,  under  the  influence  of  moisture, 
into  hydrated  double  silicates  and  aluminates,  upon  which 
water  is  powerless  to  exercise  any  action. 

The  best  conditions  for  good  cement  manufacture  are 
doubtless  fullilled  in  regions  possessing  readily  available 
quantities  of  pure  limestone  and  river  clay,  containing 
small  percentages  of  iron  and  various  alkalies.  Failing 
these,  pure  chalk  and  ordinary  clay  will  generallv  answer 
all  purposes;  but  it  will  be  necessary  in  their  case  to  in- 
troduce into  the  mixture,  before  it  is  kilned,  about  i  per 
cent,  of  common  salt.  From  the  point  of  view  of  success- 
ful manufacture,  however,  it  is  most  essential  to  maintain 
unvarying  quality  and  proportion  in  the  materials  em- 
ployed. And  this  can  easily  be  accomplished  by  chemical 
analysis.  From  the  consumer's  standpoint,  the  most  nec- 
essary precaution,  after  the  analysis  and  trials  of  its  break- 
ing strain,  is  to  guard  against  the  unfortunate  and  loo 
common  practice  of  using  a  cement  directly  from  the 
sacks  instead  of  first  spreading  it  upon  a  clean  and  dry- 
surface  and  allowing  it  to  remain  for  a  couple  of  days  ex- 
posed to  the  action  of  the  elements  of  the  air. 

If,  however,  chemical  analyses  were  more  frequently  re- 
sorted to  by  manufacturers,  and  allowed  to  take  the  place 
of "  rule  of  thumb"  methods,  we  should  soon  hear  no  more 
of  "  cement "  containing  free  lime  or  free  magnesia,  for  it 
is  very  evident  that  a  compound,  possessing  either,  is  de- 
void of  the  very  virtues  which  of  all  others  it  is  intended 
to  possess  and  is  not  cement  at  all. — Engineering  and 
Mining  Joiirnai. 


Accidents  on  East  Indian  Railroads. 

(From  the  Indian  Rail-way  Service  Gazelle.) 

The  return  of  railroad  accidents  in  India  for  the  third 
quarter  of  1886  rather  dissipates  the  idea  that  mishaps  are 
few  and  far  between  in  this  country.  Altogether  there 
were  678  accidents  of  various  descriptions  in  the  three 
months,  the  number  being  slightly  below  that  for  the  cor- 
responding period  of  the  previous  year.  The  East  Indian 
shows  a  decrease  of  18,  the  Rajputana-Malwa  of  22,  the 
Southern  Mahratta  of  15,  the  Great  Indian  Peninsula  of 
26,  and  the  Bengal  &  Northwestern  of  21.  On  the  other 
hand,  there  were  16  more  accidents  on  the  Jorhat,  12  on 
the  Madras.  20  on  the  Oudh  &  Rohilkhund.  which  is  not 
perhaps  to  be  wondered  at,  and  20  on  the  Assam.  Cattle 
seem  to  have  been  responsible  for  a  considerable  propor- 
tion of  the  total  casualties.  On  the  Madras  Railway 
there  were  19  accidents  owing  to  animals  wandering  on 
the  line,  on  the  Oudh  &  Rohilkhund  39.  on  the  Great  In- 
dian Peninsula  8,  on  the  Rajputana-Malwa,  43  (or  15.69 
per  cent,  of  the  total  of  274),  and  on  the  Bengal  &  North- 
western, 6.  The  number  of  cases  in  which  passenger 
trains  or  parts  of  them  left  the  rails  decreased  from  30  to 
21,  or  by  nine,  owing,  it  is  noticed,  to  there  having  been 
no  mishaps  under  this  head  on  the  Bengal  .S:  Northwest- 
ern and  the  Eastern  Bengal  railways,  against  nine  and 
three  respectively  in  the  co'-responding  quarter  of  1885. 
In  the  number  of  cases  in  which  goods  trains,  parts  of 
them,  or  engines  left  the  rails,  there  was.  however,  an  in- 
crease from  58  to  84,  nine  more  accidents  of  this  kind 
occurring  on  the  Northwestern  Railway,  6  more  on  the 
Cawnpore-Achnera  State  Railway,  7  more  on  the  Jorhas 
State  Railway,  and  1 1  more  on  the  Assam  Railway.  It  i 
noteworthy  that  during  the  quarter  under  review  not  a 
single  casualty  of  this  description  occurred  on  the  Bengal 

6  Northwestern  line,  although  there  were  14  in  the  cor- 
responding three  months  of  the  previous  year.  There 
were  19  cases  of  the  bursting  of  tubes  of  engines.  61  of 
the  failure  of  machinery  and  springs  of  engines,  and  36 
of  the  failure  of  couplings.  The  number  of  cases  of  flood- 
ing of  portions  of  the  permanent  way  was  largest  on  the 
Great  Indian  Peninsula,  which  returned  8  out  of  a  total 
of  31.  Under  this  head  there  was  a  decrease  on  the 
Rajputana-Maiwaand  Northwestern  from  i3to9and  1410 

7  respectively.  The  cases  of  slips  in  cuttings  or  embank- 
ments  show  the  satisfactory  decrease  of  1710  3,  owing 
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chiefly  to  no  accidents  of  this  description  occurring  on 
the  East  Indian  Railway.  The  cases  of  fire  in  trains  were 
most  numerous  on  the  Nortliwcstern,  the  number  being 
13  (or  65  of  the  total),  but  as  compared  with  the  corre- 
sponding previous  quarter  there  was  a  decrease  of  4  on 
the  line,  and  the  total  for  all  India  shows  a  decrease  of 
12. 

Coming  to  casjiUies  to  passengers  and  others,  we  find 
that  III  persons  were  killed  and  202  injured  through 
causes  connected  with  the  working  of  trains.  Sixteen 
more  are  reported  to  have  been  killed  and  49  injured  in 
yards  and  workshops,  and  130  to  have  met  their  deaths  in 
carriages  and  at  stations  from  causes  unconnected  with 
the  working  of  trains.  From  causes  beyond  their  own 
control,  1  passenger  was  killed  and  10  injured,  whilst  from 
misconduct  or  want  of  caution  7  were  killed  and  36  in- 
jured, .^mong servants,  the  numbers  were  3  and  iS  and 
41  and  115  respectively.  Two  persons  were  killed  and  2 
injured  whilst  passing  at  level  crossings,  and  49  were 
killed  and  17  injured  while  trespassing  on  the  line. 
Six  p2ople  committed  suicide,  and  2  more  were  killed 
and  4  injured  from  miscellaneous  causes. 

Electric  Street  Railroads  in  Europe. 

[From  the  English  Mechanic.^ 

There  can  be  no  doubt  that  if  it  were  not  for  the  red 
tape  which  hampers  every  enterprise  in  this  country  we 
might  by  this  time  have  had  more  practical  experience  of 
the  utility  of  electric  locomotion  than  we  can  obtain  from 
the  successful  experiments  at  Blackpool,  Brighton,  and 
at  Port  Rush  in  Ireland.  In  the  United  States  electric 
tramways  are  at  work  in  many  of  the  larger  cities,  and 
preparations  are  being  made  for  widely  extending  the 
new  method  of  traction  :  while  on  the  Continent  of 
Europe  there  are  at  least  three  tramway  schemes  which 
are  not  only  practically  but  financially  successful.  So 
long  ago  as  May,  1881,  an  electric  tramway  was  opened 
near  Berlin,  and  traffic  has  been  regularly  carried  on  dur- 
ing the  six  years,  without  a  mishap  of  any  importance, 
although  the  average  speed  is  12  miles  an  hour.  The 
line  has  always  been  regarded  more  as  an  experiment 
than  as  a  type  to  be  permanently  adopted,  and  for  that 
reason  cars  with  diflerent  kinds  of  gearing  have  been 
tried,  not  for  a  few  months,  but  in  regular  work  for  several 
years  in  order  to  test  the  durability  of  the  mechanism 
adopted.  It  is  well  known  that  to  obtain  a  high  degree 
of  economy  an  electric  motor  must  run  with  great  velocity, 
which  must  be  greatly  reduced  by  the  time  its  motion  is 
transmitted  to  the  driving  axles  of  a  tramway  car;  meth- 
ods of  doing  that  form  the  subjects  of  several  patents, 
and  it  may  be  that  the  best  arrangement  has  not  been  de- 
vised. In  a  highly  interesting  paper  on  the  subject  read 
last  week  before  the  Society  of  Arts  by  Mr.  Reckenzaun, 
a  gentleman  practically  acquainted  with  all  the  minute 
details  of  electric  locomotion,  the  author  said  it  seems 
an  easy  thing  to  the  uninitiated  to  reduce  800  revolutions 
of  one  shaft  to  80  of  an6ther ;  but  when  it  has  to  be  done 
in  connection  with  a  tramcar,  a  vehicle  on  which  space  is 
limited,  noise  objectionable,  and  dirt  and  dust  in  abund- 
ance, one  obstacle  after  another  crops  up  to  disappoint 
the  inventor  who  imagines  he  has  solved  the  problem. 
On  the  Berlin-Lichterfeld  line  one  of  the  cars  has  run 
76,000  miles  since  the  opening,  and  has  pulleys  on  the 
motor-shaft  and  car  axles  with  V-grooves  in  which  run 
cords  of  spiral  steel  wires.  The  cords  are  made  by  wind- 
ing a  pair  of  wires  closely  on  a  mandrel  rather  less  than 
"i  in.  in  diameter,  so  that  the  finished  cord  is  a  flexible 
spiral  having  an  external  diameter  of  barely  7-32  in. 
This  device,  it  seems,  works  without  noise  or  vibration, 
though  some  little  difficulty  is  experienced  in  adjusting 
the  cords  upon  the  pulleys  ;  for  if  too  tight  they  will  break 
at  the  joints,  and  if  too  loose  slip  at  starting — not  a  dis- 
advantage, as  that  is  the  most  trying  moment  in  all  gear- 
ing driven  by  electro-motors.  Other  devices  are 
employed,  such  as  the  pitch-chain,  but  the  spiral  cords 
seem  to  be  the  best.  On  Mr.  Volk's  line  at  Brighton, 
belts  made  of  leather  links  are  used  ;  the  armature  shaft, 
with    a    5-in.    puUy     driving    a     countershaft     with    a 


24-in  pulley,  from  which  the  belt  is  taken  to  the 
driving  axle.  The  belts  slip  a  little  at  starting,  but  that 
eases  the  motor;  while,  if  necessary,  the  countershaft 
being  carried  in  adjustable  bearings,  the  belts  can  be 
made  as  tight  as  desired.  The  expense  per  car  mile  of 
this  line,  the  prime  mover  of  which  is  a  gas-engine  using 
gasat3s.  3d.  per  i  .000  ctibic  feet,  is  only  2d. — a  ligure 
which  is  below  that  which  Mr.  Reckenzaun  gives  as 
possible  when  the  most  efficient  machines  are  employed 
—  viz.,  3d.  The  Brighton  arrangements  are,  however, 
scarcely  suitable  for  ordinary  tramcar  traffic,  as  there  is 
no  mud  to  contend  with,  and  the  ordinary  rails  serve  as 
conductors  of  the  current.  It  should  also  be  noted  that 
each  car  last  year  made  no  fewer  than  23.475  miles,  and 
but  for  opposition  in  certain  quarters  the  Brighton  electric 
tramway  would  be  a  success  in  every  sense  of  the  term.  Of 
lines  worked  by  overhead  conductors  the  most  carefully 
constructed,  if  not  the  most  important,  is  that  arranged 
on  the  plan  of  Messrs.  Siemens  and   Halske  at    Modiing, 

!  near  Vienna.  It  is  nearly  three  miles  in  length,  and,  like 
most  other  tramways  in  Europe,  does  nine-tenths  of  its 
traffic  between  April  i  and  the  end  of  October,  the  aver- 

I  age  cost  being  3.42d.  per  car  mile.  The  average  speed 
permitted  is  a  little  over  nine  miles  an  hour,  and  the  con- 
ductors are  slotted  tubes  carried  on  posts  18  ft.  high  and 
90  ft.  apart,  except  on  sharp  curves.  The  bore  of  these 
tubes  has  to  be  made  perfectly  smooth,  so  as  to  offer  but 
little  resistance  to  the  passage  of  the  contact  carriage, 
which  consists  of  a  flexible  piece  of  flat  steel  carrying 
three  gun-metal  pistons  made  in  halves,  with  springs  in 
the  middle,  so  as  to  keep  the  surfaces  of  pistons  and 
conductor  in  contact.  The  pistons  require  renewal  about 
every  two  months.  Overhead  conductors  are,  however, 
scarcely  suited  for  electric-tramway  work,  except  in 
country  districts,  such  as  the  line  just  referred  to,  or  that 
between  Frankfort-on-Main  and  Offenbach,  which  is  4.1 
miles  long,  and  has  the  slotted  overhead  tube,  and  a 
contact  carriage  made  up  of  two  solid  iron  pistons,  which 

\  require  renewal  every  three  or  four  weeks  at  a  cost  of  one 
shilling  for  each  carriage.  Both  the  Modiing  and  the 
Frankfort  cars  have  spur  gearing,  and  the  experience 
gained  with  them  is  not  favorable  to  the  further  utilization 
of  that  means  of  connecting  themotorshafl  with  the  driv- 
ing axles.  For  instance,  in  the  Frankfort  cars  a  pinion 
of  17  teeth  on  the  motor  shaft  gears  into  a  wheel  of  56 
teeth  on  a  countershaft,  and  a  pinion  of  26  teeth  on  that 
drives  a  wheel  of  52  teeth  on  the  axle  of  the  car,  giving 
a  ratio  of  about  6.6  to  i  between  the  motor  and  the  car 
wheels.  The  motor,  however,  runs  at  the  comparatively 
low  speed  of  500  hundred  revolutions  per  minute,  and 
the  whole  arrangement  is  heavy,  for  the  train  of  wheels 
weighs  about  4  cwt.,  and  the  total  weight  of  the  driving 
gear  for  one  car  is  more  than  26  cwt.  The  gearing  pro- 
duces so  much  noise  and  vibration  that  the  sensation 
experienced  in  the  car  is  anything  but  agreeable,  and  the 
wear  and  tear  are  so  great  that  the  pinion  on  the  motor 
shaft  wears  out  in  a  month,  although  made  of  hard  gun- 
metal.  Mr.  Reckenzaun  says  that  one  of  the  cars  is  being 
fitted  with  wheels  having  double  helical  teeth,  which  are 
expected  to  work  more  smoothly  and  be  more  durable; 
but  it  may  be  doubted  whether  any  difference  in  the 
shape  of  the  teeth  will  render  toothed  gearing  tolerable, 
although  it  should  be  mentioned  that  nearly  one  million 
passengers  patronized  the  Frankfort  electric  tramway 
last  year  in  spite  of  the  disagreeable  noise  made  by  the 
gearing.  On  the  Port  Rush  line,  the  longest  electric 
tramway  in  the  world,  pitch-chain  gearing  is  used,  and  is 
stated  to  work  satisfactorily,  as  it  does  also  on  the  Bess- 
brook-Newry  line.  Both  these  lines  are  worked  by  elec- 
tricity derived  primarily  from  water  power,  and  the  cost  is 
respectively  3d.  and  4d.  per  car  mile,  in  the  latter  case  in- 
cluding everything.  Mr.  Reckenzaun  referred  briefly  to 
the  Blackpool  line,  and  mentioned  the  systems  devised 
by  Profs.  Ayrton  and  Perry,  and  by  Messrs.  Pollak  and 
Binswanger,  the  former  having  the  third  rail  divided  into 
sections,  the  connection  with  the  main  cable  being   made 

I  automatically  by  the  train  as  it  moves  along;  and  the  lat- 
ter an  altogether  novel  system,  in  which  a  powerful 
magnet  under  the  car  attracts,  or  is  supposed  to  attract, 

I    an  iron  armature  in  a  thoroughly  insulated  trough  beneath 
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each  rail  section,  which  armature  when  attracted  mal<es 
contact  between  the  cable  and  the  surface  rail,  and  through 
the  latter  with  the  switch  of  the  car  motor.  Both  systems 
are  ingenious  and  worth  trial;  but  at  present  no  opinion 
can  be  formed  of  their  etliciency,  as  they  exist  only  on 
paper.  So  far  we  have  referred  only  to  lines  in  which  the 
current  is  conveyed  from  a  central  station  to  the  car 
throughout  the  whole  length  of  the  tramway  ;  but  batter- 
ies carried  by  the  car  itself  are  a  much  earlier  device, 
having  been  adopted  so  long  ago  as  1839,  when,  of 
course,  they  were  too  expensive,  the  secondary  or  storage 
cell  not  having  come  into  knowledge  then.  In  order  to 
compare  the  two  systems.  Mr.  Reckenzaun  estimates  the 
efficiency  of  the  conductor  and  of  the  secondary  battery 
in  the  following  manner.  Taking  the  tramway  at  Mod- 
ling,  the  conductor  has  2  ohms  resistant  e,  20  amperes  of 
current  for  each  car,  and  500  volts  E.M.F,  at  the  termin- 
als of  the  charging  dynamo.  Supposing  only  one  car 
running  on  the  line,  the  waste  of  energy  will  be  practically 
nothing  at  the  commencement  of  its  journey :  but  it  will 
be  20-  X  2  when  approaches  the  furthest  end  of  the  line  ; 
the  average  resistance— that  due  to  half  the  length  of  the 
conductor— is  i  ohm,  therefore  the  average  loss  is  only 
202  X  I  =  400  watts  against  500  x  20  =  10.000  watts  gen- 
erated by  the  dvnamo,  or  a  loss  of  4  per  cent.  With  six 
cars  on  the  line  equally  distributed,  however,  using  120 
amperes,  the  loss  will  be  14.400  watts  out  of  60,000,  or  25 
per  cent.;  and  so  by  increasing  the  number  of  cars  and 
thecurrent  the  efficiency  becomes  less  and  less.  With 
the  accumulators  the  loss  is  constant,  no  matter  how 
long  the  line,  provided  the  quantity  of  the  stored  energy 
is  sufficient  for  the  time,  and  it  matters  not  how  many 
cars  run  at  the  same  time  on  the  tramway.  The  weight 
to  be  propelled  would  be  increased,  which  would  entail 
a  corresponding  augmentation  of  power,  and  therefore  a 
greater  consumption  of  fuel  would  be  the  result.  But 
fuel  really  plays  a  small  part  in  the  total  expenditure,  and 
viewed  from  the  standpoint  of  convenience  the  propulsion  i 
of  tram  cars  by  means  of  secondary  batteries  is  the  best  , 
system  that  can  be  adopted,  especially  in  towns,  because  it  ; 
leaves  the  permanent  way  in  its  present  simple  state.  1 
Whether  each  car  should  carry  its  own  battery  and  motor,  i 
or  an  electric  locomotive  should  be  used  for  hauling  cars, 
will  depend  on  circumstances.  So  far  as  the  neighborhood 
of  London  is  concerned,  it  appears  that  the  electric  ' 
locomotive  will  be  the  first  system  tried,  for  trips  have 
already  been  made  with  the  Elieson  locomotive  on  the 
Romford  road  out  of  Stratford,  and  we  presume  they  will 
soon  be  put  into  regular  work.  The  locomotives  and 
the  secandary  batteries  are  ready,  and,  but  for  the  round- 
about ways  of  Parliament,  would  have  been  conveying 
passengers  and  earning  money  long  ago.  These  locomo- 
tives weigh,  ready  for  work,  about  7  tons ;  what  they  will 
do  in  the  way  of  hauling  cars  remains  to  be  proved,  but 
there  is  not  much  doubt  that  they  will  be  cheaper  than 
horse-flesh,  and  it  is  certain  that  they  will  leave  the  road  as 
clean  as  they  found  it — a  point  which  should  noi  be  for- 
gotten in  comparing  the  respective  merits  of  horse  and 
mechanical  traction.  Sufficient  has  already  been  done  to 
show  that  the  cost  of  electric  tramways  need  not  exceed 
4d.  per  car  mile,  while  horses  cost  from  /d.  to  lod.;  so 
that,  taking  the  lowest  estimate,  there  is  a  saving  of  one- 
half,  andlprobably  when  experience  has  enabled  managers 
to  strike  out  items  which  can  be  dispensed  with,  the 
economy  may  be  still  more. 

As  to  the  gearing  for  transmitting  the  power,  Mr.  Volk 
believes  in  the  linked  leather  belts,  but  Mr.  Reckenzaun 
and  others  consider  the  worm  arrangement  the  best ;  on 
this  point  the  mechanicians  will  have  something  to  say, 
for,  if  electric  tramways  are  to  be  introduced,  the  noise 
and  vibration  caused  by  the  gearing  will  not  long  be  per- 
mitted to  remain  an  objection.  It  may  be  that  the  spiral  wire 
cords  used  for  a  time  on  the  Berlin  line  will  be  found  the 
best  arrangement ;  but  it  is  certain  that  spur  gearing  will 
not  do,  because,  however  smoothly  it  may  run  when  new, 
it  rapidly  deteriorates  and  soon  makes  so  much  noise  as 
to  be  objectionable.  There  are,  however,  many  methods 
of  transmitting  motion  which  are  free  from  noise,  and 
which  only  wait  an  opportunity  to  assert  their  superiority 
in  this  case. 


Formulse   for    Weights    of   Bridges    and    Depth    of 
Trusses. 

The  formulae  given  below  were  presented  in  a  paper 
read  before  the  American  Society  of  Civil  Engineers  by 
Professor  A.  J.  DuBois;  in  that  paper  they  are  sup- 
ported by  an  elaborate  train  of  reasoning,  and  are  supple- 
mented by  tables  calculated  on  the  basis  of  the  formulae 
and  giving  weights,  depth  of  truss,  etc.,  for  a  number  of 
cases : 

Du  HOIS  formi;l.k  for  weighis  of  bridges. 

For  railroad  bridges  take  weight  of  rails,  ties,  planking, 
etc.  =  400  lbs.  per  lineal  foot  for  single  track. 
Weight  of  plate  girder  in  pounds  = 


1.2  Rd-  12  l^  ^'^ 

Here  /  =  span  in  feet,  d  =  depth  in  inches.  A'  =  average 
flange  stress  in  pounds  per  square  inch.  /('=  total  ex- 
ternal load  in  pounds  including  allowance  for  impact. 


Economic  depth 
10^/- 


inches  = 
6  //■/ 


:;-'-(¥■)■    '^) 


Total  weight  of  wind  bracing  =  A^  (540  +  3.6  /J. 
Here  N  =  number  of  panels.     /  =  span  in  feet. 
For  bridge  trusses : 

Wi  =  equivalent  uniform  load  per  foot  per  truss  due 

to  live  load. 
W„  =  load  per  foot  per  truss  due  to  cross-girders, 

stringers,  rails, 
/{'a  =  load  per  foot  per  truss  due  to  wind  bracing. 
IVi  =  weight  per  foot  of  one  truss,  not  including  bed 
plates  or  rollers. 


IV,  =  IV,  +   VV^ 


IV, 


3.6  »  d 

ntjsy>'+  202,r,~' 
(  ,v,  +    U/,  +    IV,)  p 


(;.) 


Here  d  =  depth  in  feet.  /  =  panel  length  in  feet. 
=  the  numerator  of  the  strut  formula-  used.  .-/  is  found 
3  follows  : 

For  single  intersection  Pratt  truss  : 

A  =  f  (2  A--'  +  3  A-  -  2)  +  3  ./■■  (2  A-  -  4  +  ".) 
For  double  intersection  Whipple  truss: 


A 


f  (n  ■ 


■\N 


")--'■(-—;:) 


For  Warren  girder  truss  : 

A  =  /-  (2  N--  +  .-.  5  ;V  -  2)  +  6  A'./- 
The  formula;  for  depth  of  truss  is  as  follows; 
Economic  depth  in  feet  = 


Aj>Jl 

( IV,  -r   IV.~  +   iV,)  p 


C4) 


The  depth  and  weight  of  the  cross  girders  and  bracing 
can  be  found  bv  formula;  i  and  2. 


Cruisers  for  China. — The  Chinese  Government  has  recenilv 
given  an  order  for  six  new  armed  cruisers  to  a  Hong  Kong 
shipbuilding  firm.  It  is  not  generally  known  that  there  are 
now  several  establishments  in  Hong  Kong  where  vessels  of  150 
ft.  long  can  be  built  in  a  substantial  manner.  The  cruisers  are 
to  be  about  100  fi.  long  and  built  for  swiftness  rather  than  for 
fighting  qualities,  and  are  for  use  in  Chinese  waters,  where 
smuggling  is  ripe  and  flourishing  owing  to  the  excessive  venality 
of  the  officials.  Nearly  all  the  material  (or  these  vessels  will 
be  imported  from  Great  Britain. 
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heavy  bed  casting,  £  E,  with  steam  and  exhaust  pipes  cast  in 
it,  was  bolted  to  it  by  suitable  flanges.  The  cylinders  were 
then  attached  to  the  frames  and  to  this  casting,  as  shown. 

In  1S71,  the  plan  shiiwn  in  fig.  145  was  adopted.  The  smoke- 
box  was  cylindrical,  and  one-half  the  bed-casting  was  cast  with 
each  cylinder.  They  arc  bolted  together  in  the  center,  as  shown. 
This  plan  is  now  almost  universally  used  in  this  country  and 
makes  a  very  neat,  strong  and  satisfactory  job. 


ronlinued  from  page  2; 

Chapter  V. 
THE   ENGINES. 


The  first  method  of  fastening  outside  cylinders  was  to  bolt 
them  to  ihe  smoke-box,  which  was  made  of  sheet  or  plate-iron, 
when  the  cylinders  were  steeply  inclined,  as  shown  in  fig. 
17,  page  45.  This  could  be  done  without  difficulty,  but  when 
they  were  placed  lower  down  it  was  necessary  to  extend  the 
smoke-box  downward.     The  lower  part  was  usually  made  rec- 


VALVES   AND    VALVE-CF.AKING. 

The  main  valves  which  were  first  built  by  Mr.  Rogers  were 
of  the  ordinary  D  pattern,  and  the  valve-gearing  was  a  form  of 
hook  motion. '  In  some  cases,  as  shown  in  fig.  14  (page  44).  'he 
eccentrics  were  outside  of  the  journals  and  wheels.  Unfortun- 
ately there  are  no  authentic  drawings  in  existence  of  the  various 
forms  of  valve-gearing  which  were  at  first  used,  .^t  an  early 
date,  Mr.  Rogers  was  impressed  with  the  importance  of  using 
steam  expansively,  and,  in  1S43  and  1846.  he  designed  and 
used  the  valve-gearing  shown  in  fig.  146.  It  serves  to  show 
the  thought  he  was  giving  at  that  date  10  the  subject  of  work- 
ing steam  txpuitivcly. 


Fig.   141. 


Fig.   142. 


tangular  in  shape,  as  shown  in  fig.  140,  with  a  heavy  wrought- 
iron  bar,  B  B  B,  riveted  around  the  inside  at  the  front  end. 
The  cylinders  were  then  bolted  to  the  outside  of  the  smoke- 
box  and  to  the  frames  F  F,  as  shown  in  the  engraving.  This 
method  of  fastening  was  first  used  in  1S44. 

Inside  cylinders  were  attached  to  the  smoke-box  and  frames 
as  shown  in  fig.  141. 

The  next  step,  which  wa«;  taken  in  1S53,  was  to  make  the 
bottom  B  B,  fig.  142,  of  the  smoke-box  of  a  heavy  wrought- 
iron  plate.  This  extended  outward  so  as  to  rest  on  top  of  the 
frames  /"  F.  The  cylinders  were  then  placed  on  top  of  the 
plate  and  bolted  to  it.  and  to  the  smoke-box  and  frames,  as 
shown.  A  bar,  C  C,  with  T  ends  was  also  placed  crosswise 
between  the  bar  B  B  to  keep  it  apart  and  stifJen  the  whole 
attachment. 

In  1865,  the  arrangement  shown  in  fig.  143  was  adopted. 
The  smoke-box  in  this  case  was  substantially  like  that  shown 
in  fig.  142,  but  a  cast-iron  bed,  F  E,  was  placed  between  the 
two  frames  F'  F'  and  bolted  to  them  by  flanges.  The  smoke- 
box  was  then  placed  on  top  of  the  bed-plate  and  bolted  to  it. 
The  cylinders  were  bolted  to  the  bed-plate  frame  and  smoke- 
box,  as  shown. 

About  ihe  same  time,  the  plan  represented  in  fig.  144  was  put 
in  use.     In  this,  the  smoke-box  was   m«de   cvlindrlcal  and   a 


Fig.  147  shows  another  plan,  which  he  introduced  in  1S47. 

When  the  link-motion  was  introduced  into  this  country  its 
use  was  violently  opposed  by  many  locomotive  builders  and 
master  mechanic's.  Mr.  Rogers  was  one  of  the  first  American 
engineers  to  recognize  its  merits.  In  1849,  he  used  the  sus- 
pended link-motion,  shown  in  fig.  14S,  for  some  engines  for  the 
Hudson  River  Railroad,  and,  in  1S50,  he  applied  the  shifting- 
link  motion,  shown  in  fig.  149,  to  some  engines  which  he  built. 
It  will  be  noticed  that  in  this  case  the  lifting-shaft  was  below 
the  link.  In  the  same  year  he  designed  the  form  of  link- 
motion  shown  by  fig.  150  for  some  ten-wheel  engines,  the 
front  wheels  and  axles  of  which  came  m  the  way  of  the  rocking- 
shaft.     In  this  case  the  lifting-shaft  was  above  the  link. 

Fig.  151  represents  a  combination  of  link-motion  with  an  in- 
dependent graduated  cutoff  valve.  It  was  used  on  several 
locomotives  built  at  the  Rogers  Works  in  1S54,  and,  it  is  said, 
was  found  to  be  beneficial  in  economizing  fuel. 

For  many  years  the  form  of  valve-gear  shown  in  fig.  149 
was  used  by  Mr.  Rogers,  and,  after  his  death,  it  was  applied 
to  many  engines  ;  but,  in  1S62,  Mr.  Hudson  designed  the  form 
of  link-motion  shown  by  fig.  152,  in  which  the  lifting-shaft  was 
placed  above  the  link.  This  is  the  form  which  is  now  most 
commonly  used.  The  link-motion  shown  by  fig.  153  was  also 
(iesl?ne1   the   same   year   by  Mr.  Hudson  and  applied  to  some 
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Fig.   144. 


Fig-   145 


Fig-.   146. 


Fig    147- 
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ten-wheel  engines,  in  which  the  front  wheels  and  axle  came  in 
the  way  of  the  rocking  shaft. 

In  1S66.  the  valve-gearing  shown  in  fig.  154,  which  was  de- 
signed and  patented  by  Messrs.  Uhry  &  Luttgcns,  was  applied 
to  an  engine  for  the  Central  Railroad  of  New  Jersey.  In  this 
there  is  an  ordinary  shifting-link  worked  by  two  eccentrics  and 
connected  with   a  pin  attached  to  the  lower  arm  of   a  rocking- 


retarded  from  5  to  6  in.  beyond  the  link-motion,  while  the 
point  of  compression  remains  the  same.  The  size  of  opening  of 
the  exhaust-port  is  somewhat  larger  than  with  the  link-motion, 
and  it  is  opened  in  less  time,  thereby  producing  a  strong  and 
clear  exhaust. 

Its  objectionable  feature  is  the  cam  as  a  mechanical  device 
for  locomotives.      Whether  this  objection  would  be  as  great  if 


Fig    153- 


Fig-  JS4- 


Fig.  156. 


Fig.   157- 


shaft  in  the  usual  way.  What  may  be  called  a  supplementary 
rocking-shaft,  i?  Ji' ,  was  pivoted  to  the  top  pin  of  the  main 
rocking-shaft.  The  lower  arm  /i  of  the  supplementary  rock- 
ing-shaft is  bent  into  a  half-circle,  as  shown,  in  order  to 
clear  the  main  rocking-shaft  31.  The  supplementarv  rocker 
is  worked  by  a  cam,  0  .  which  was  connected  to  a  pin,7\  The 
effect  of  the  action  of  the  cam  is  to  accelerate  the  movement  of 
the  valve  at  the  time  that  it  opens  the  ports  for  admission  and 
exhaust.  Its  adjustment  is  the  same  as  that  of  the  link-motion, 
and,  at  the  higher  grades  of  expansion,  it  gives  about  50  per 
:ent.  greater  opening  of  steam  port.     The  point  of  exhaust  is 


used  with  a  balanced  valve  as  it  is  with  an  ordinary  slide-valve 
remains  yet  to  be  proved. 

Figs.  155  and  156  show  the  methods  wliich^were  adopted  in 
1S73,  in  applying  the  Allen  link-motion  to  some  narrow-gauge 
engines  for  the  Patillas  Railway,  S.  A.,  in  which  the  front  axle 
was  in  the  way.  Ordinarily,  the  Allen  link  is  made  straight, 
but  in  this  case  Mr.  Hudson  found  that  it  would  not  give  a  satis- 
factory movement  to  the  valve  without  curving  the  link  slightly. 

Fig.  157  shows  another  method  of  applying  a  link-motion  to 
engines  in  which  the  front  axle  was  in  the  way.  This  was 
used  in  18S' 
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COUNTERWEIGHTS    VO^   LINKS. 

When  shifting-links  were  introduced  it  became  imporlnnt  to 
counterbalance  their  weights  so  as  10  lessen  the  effort  required 
to  move  them.  The  arrnngemeiit  sliown  in  fig.  158  was  adopt- 
ed in  1S5S.  In  this  the  counterweight  //' was  attached  to  an 
arm  or  bell-crank  forged  on  the  reversing  lever. 


Fig.  158. 

The  unwieldy  character  of  a  counterweight  led  to  the  substi- 
tution of  springs  of  various  forms.  The  plan  shown  in  fig. 
159  was  adopted  in  1859.  In  this  a  half  elliptic  spring,  S, 
which  was  attached  by  its  ends,  A  A,  to  fixed  parts  of  the 
engine,  was  connected  by  a  rod,  R,  to  a  short  arm.  E 
was  keyed  on  the  lifting-shaft  by  a  strap,  S,  as  shown. 


vhich 


163.  They  were  enclosed  in  a  case  and  fastened  by  a  bolt,  B, 
to  one  of  the  cross-beams,  and  were  connected  by  a  rod,  K,  to 
a  short  arm  on  the  lifting-shaft,  like  that  shown  in  fig.  160. 
In  this  instance  the  rod  A'  was  subjected  to  a  compressive 
strain  by  the  tension  of  the  two  volute  springs. 

Fig.  164  shows  a  helical  spring,  which  was  applied  in  1875 
for  the  same  purpose.     This  was  also  enclosed  in  a  cylindrical 


Fig-  159- 

Another  plan  of  applying  a  semi-elliptic  spring  is  shown  in 
plan  in  fig.  160.  In  this  case  the  spring  5  was  connected  to 
a  short  arm,  B.  forged  on  the  middle  of  "the  lifting-shaft. 

In  1S60,  a  spiral  spring,  figs.  161  and  162,  was  used.  The 
inner  end  of  this  spring  was  attached  to  the  lifting-shaft  S' , 
and   the  other  end  was  fastened   to   a  case  in  which  it  was  en- 


Fig.   160. 

closed.  The  case  was  prevented  from  turning  by  a  bolt,  B. 
The  required  amount  of  tension  was  brought  on  the  spring  by 
turning  the  case,  and  the  bolt  was  adjusted  in  any  one  of  the 
holes,  which  were  arranged  in  a  circle,  as  shown  in  the  en- 
graving. 

In    1873,  a  pair  of  volute   springs   was   substituted  for   the 
semi-elliptic  spring.     These  volute  springs  are  shown  in   fig. 


Fig.   164. 

case,  which  was  fastened  to  a  fixed  part  of  the  engine.  A 
chain,  C  C,  was  fastened  at  one  end  to  the  shaft,  and  wound 
around  it  as  shown.  The  other  end  was  attached  to  a  rod,  R, 
which  was  screwed  into  a  collar,  K.  When  the  shaft  was 
turned  the  spring  was  compressed.  Its  tension  could  be  ad- 
justed by  means  of  the  screw-end  on  the  rod  so  as  to  balance 
the  weight  of  the  link. 

( To  he  continued.) 


The  Miltimore  Machine  for  Dressing  Car  Wheels. 

A  .NEW  machine  for  dressing  and  truing  up  car  wheels  has 
been  devised  and  construcied  by  Mr.  George  W.  Miltimore, 
of  Arlington,  Vt.  It  is  based  on  the  principle  that  a  wheel  of 
comparatively  soft  metal,  if  moved  at  very  high  speed,  will 
wear  away  the  hardest  surfaces.  The  Miltimore  machine,  as 
arranged  for  car  wheels,  has  a  disk  or  wheel,  the  outer  portion 
of  soft  steel,  40  in.  in  diameter  and  with  a  face  correspond- 
ing in  shape  to  the  tread  of  the  wheel.  This  disk  is  mount- 
ed on  a  shaft  6  in.  m  diameter  and  is  run  at  about  2, 100  revolu- 
tions per  minute.  The  car  wheel  to  be  trued  up  is  held  in 
a  frame  in  which  it  revolves  slowly  and  is  fed  up  to  the  disk 
by  a  combination  of  friction  wheels  and  screw-feed.  The 
shaft  on  which  the  disk  is  carried  is  lubricated  by  means  of  a 
pump,  which  forces  oil  to  the  journals  at  a  pressure  of  about 
40lbs.  to  the  square  inch.  The  disk  itself  has  a  wrought  iron 
center,  with  a  screw-thread  cut  on  the  surface  ;  the  outer  por- 
tion or  tire,  of  soft  steel,  is  a  ring  2  in.  thick,  with  a  screw  thread 
cut  on  the  inside,  and  is  screwed  upon  the  center. 

It  is  claimed  that  in  this  machine  wheels  can  be  trued  up 
very  quickly,  and  also  that  the  tread  is  made  very  hard,  a 
skin  or  surface  being  formed  which  resists  the  wear  of  the 
rails  and  brake- blocks  to  a  remarkable  degree.  The  advan- 
tages gained  by  truing  up  chilled  wheels  are  too  well  known 
to  require  any  enumeration  here. 

The  soft  steel  rim  of  the  disk  wears  very  slowly,  and  it  is 
even  said  that  it  increases  in  size  by  the  accretion  of  melted 
particles  from  the  wheels. 

An  exhibition  of  one  of  these  machines  was  given  at  the 
factory  in  Arlington,  Vt.,  recently,  a  number  of  railroad 
officers  and  wheel-makers  being  present.  At  this,  steel-tired 
wheels  were  trued  up  in  from  7  to  17  minutes,  according  to 
the  hardness  of  the  tire,  while  chilled  wheels  were  trued  up  in 
from  7  to  10  minutes.  The  speeJ  of  the  work  depends  some- 
what, of  course,  on  the  amount  of  power  used.  It  is  claimed 
that  a  wheel  can  be  dressed  in  five  or  six  of  its  own  revolu- 
tions in  the  machine. 

The  machine  can.  of  course,  be  used  for  dressing  any 
metallic  surfaces  by  proper  arrangement  and  the  use  of  disks 
of  the  proper  shape. 


277 


THE     RAILROAD     AND 


[June,  1887. 


Special  Tools  for  Railroad  and  Repair  Shops 

(Continued  from  page  iS:.) 

PORTABLE    STEAM-CHEST    SEAT   MILLING   MACIIINK. 

It  is  customary,  in  order  to  secure  a  tight  joint  for  the 
steam-chest  when  the  iron  has  become  corroded  to  cut  a 
groove  the  width  of  the  steam-chest  sides  and  then  to  drive 
into  or  fill  up  the  recess  or  groove  just  formed  with  a  brass  or 
copper  strip.     This  is  a  slow  and  expensive  operation,  and  it 


Fig,  II  shows  the  machine  located  on  the  valve-seat  of  a  loco- 
motive, where  it  is  operated  by  hand. 

The  machine  shown  in  figs.  12  and  13  is  designed  for  truing 
up  crank-pins  when  they  are  cut  or  worn  unevenly.  It  con- 
sists of  a  casting  bored  out  to  receive  a  revolving  cutter-head 
which  carries  tlie  tool  for  the  turning ;  sufficient  space  is 
allowed  for  handling  the  tools  and  for  chips  to  fall  out.  The 
large  end  contains  a  scroll  chuck  for  centering  the  machine,  the 
jaws  of  which  engage  the  unworn  collar  of  the  pin-centering 
machine  to  its  original  center.  On  the  outer  end  is  a  disc  con- 
taining a  spindle  operated   by  a  sirew  similar  to  a  lathe  tail 


Fig.   10. 

IKST   SEAT   MILLING   MACHINE. 


is  next  to  impossible  to  make  an  even  and  true  surface  for  the 
brass  or  copper  joint  to  rest  upon,  when  using  the  only  acces- 
sible tools,  /.  c,  the  chisel  and  file.  The  portable  steam-chest 
seat  milling  machine  shown  in  fig.  10  is  designed  to  do  this 
work  perfectly,  by  hand  or  power,  and  without  skilled  labor. 
It  is  also  adapted  to  drilling  new  holes  for  studs  or  drilling  out 
old  studs  when  broken  off  ;  it  can  be  used  as  well  for  milling 
out  the  ports  on  new  work  and  for  repairing  the  same  when 
eaten  away. 

The  machine  is  supported  and  adjusted  to  the  surface  to  be 
grooved  or  milled  by  four  studs  running  through  two  hol- 
low arms,  which,  in  turn,  support  the  V's  or  slide."  This  slide 
carries  a  head  containing  a  spindle  similar  to  a  drill  press,  and 
this  head  receives  a  transverse  movement  by  means  of  the 
screw,  as  shown,  the  milling  spindle  being  driven  bv  beveled 
gears  and  a  transverse  shaft. 

The  cutting  or  grooving  is  performed  bv  a  face-milling  cutter 
inverted  in  the  end  of  the  spindle,  which  i's  fed  up  and  down  by 
means  of  a  screw  and  small  wheel,  and,  when  the  proper  depth 
for  a  cut  is  reached,  the  horizontal  movement  of  the  spindle  is 
prevented  by  means  of  a  check-nut  on  the  small  screw.  The 
sliding  or  tool-head  is  fed  in  either  direction  by  means  of 
change  feed-gears  at  the  end  of  the  screw,  and,  in  ease  of  drill- 
ing a  hole  or  milling  down  to  the  desired  depth  of  a  groove, 
the  head  can  in  a  moment  be  made  independent  of  the  trans- 
verse feed-screw,  while  the  spindle  is  rotated  bv  the  driving- 
shaft. 

It  will  be  seen  that  advantage  has  been  taken  of  the  limited 
space  afforded  for  this  work  in  the  construction  of  the  machine, 
and  that  the  strain  on  the  tool-head  slide  and  supporting  arms 
has  been  reduced  to  a  minimum  by  bringing  the  bearing  for 
the  spindle  within  half  an  inch  of  the  face  of  the  work,  thus 
practically  lowering  the  entire  machine  as  far  as  possible. 
But  two  settings  or  adjustments  of  the  machine  are  required 
for  all  four  sides  of  the  steam-chest  seat,  because,  when  the 
groove  is  finished  on  the  outer  side  of  the  valve-face,  all  that 
is  required  is  to  loosen  the  top  nuts  on  the  studs  supporting 
and  passing  through  the  arms,  lift  up  the  machine  and  replace 
it  facing  the  boiler,  when,  having  been  secured,  work  can  be 
resumed.  The  same  applies  to  the  other  sides,  the  forward 
and  back  ends  ;  after  it  is  set  for  one  and  the  cut  finished,  the 
machine  is  turned  about  and  replaced  on  the  same  studs. 

But  one  size  of  the  machine  is  built,  as  provision  for  very 
large  steam-chest  seats  is  made  by  supplying  extension  feet 
or   plates  fitted  with  a  T-slof   -"nd   hole  for  the  ordinarv  slud. 


stock  ;  this  allows  a  great  adjustment,  taking  in  the  shortest  as 
well  as  the  longest  crank-pins.  The  center  containing  the 
spindle  fits  exactly  into  the  original  center  of  the  pin,  holding 
the  outer  end  true.     It  is  fastened  by  the  four-jawed  scroU- 


CllESr   SEAT   MILLING   MACHINE 


chuck  on  the  end  next  to  the  wheel,  upon  which  there  is  no  wear, 
being  then  clamped  in  position  by  two  bent  or  U-damps  to 
the  spokes  of  the  wheel  or  driver.  .\  triangular  feed-casing 
gears,  worms  and  worm-wheels  ;  these  admit  of  feed- 
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ing  either  way,  as  the  operator  may  desire.     Tools  of  various 
shapes  can  be  made  to  suit  different  shaped  collars. 

The  machine,  shown  by  fit;.  14.  is  used  for  removing  the 
hard  adhering  crust  of  lime  from  the  outside  surface  of  boiler 
flues,  which  is  very  difficult  to  remove  in  a  cleaning  roller  or 
tumbler,  and  expensive  as  well,  because  of  the  waste  of  steam 
and  time.     .V  laborer  operates  the  machine,  entering  the  Hues 


steel  cutters,  are  set  obliquely  in  adjustable  boxes,  the  central 
line  of  the  flue  passing  between  them  ;  these  boxes  are  con- 
nected with  a  movable  ring,  governed  by  a  worm-screw,  which 
is  operated  by  the  lower  hand-wheel,  and  each  of  them  is  pro- 
vided with  a  small,  adjustable,  circular,  assisting  cutter  with 
cross  teeth,  which  cuts  the  line  lengthwise  ;  after  being  cut 
crosswise  by  the  circular  cutting  plates  on  revolving  shafts. 


ORTABLE   CRANK-PIN    MACHINE. 


one  at  a  time  ;  they  are  then  revolved  and  fed  through  like  a 
screw  and  drop  off  on  opposite  side  without  assistance.  Very 
little  power  is  required  to  run  the  machine.  It  will  clean  flues 
ranging  from  i  's  in.  to  ^'/i  in.  diameter,  removing  all  scale  and 
without    injury    to   the  Hue.      It    occupies    but  little   room,    is 


the  scale  is  consequently  reduced  to  square  particles  m  a  rough 
manner;  the  same  process  is  repeated  by  lour  circular  finish- 
ing cutters  revolved  by  the  Hue.  two  of  them  being  provided 
with  longitudinal  teelh,  and  two  wiih  cross  teeth,  and  placed 
adjustable  on   the  same  inclined  plane  to  the  extending  plate. 


Fig.  13- 

PORTABLE    CRANK-PIN    MACHINE. 

almost  noiseless  and  makes  but  little  dust.  It  is  so  constructed 
that  no  countershaft  is  required,  being  provided  with  a  double 
clutch-gear,  which  enables  it  to  be  reversed  in  case  of  special 
need,  which  sets  the  pulley  free.  To  set  the  machine,  it  is  only 
necessary  to  place  it  in  line  with  a  pulley  on  the  shaft  from 
which  power  is  taken. 

Three  revolving  shafts,  provided  with  circular,  blunt-edged. 


■  Fig.  14. 

ATLAS   FLUE-CLEANING   MACHINE. 

Having  the  circular  cutters  on  the  revolving  shafts  on  the 
same  inclined  plane,  the  first  and  second  cutters  on  each  shaft 
will  not  come  in  contact  with  the  flue  but  will  afford  an  easy 
entrance,  acting  like  a  mill,  preventing  the  machine  from 
chocking  ;  there  is  no  sticking,  as  the  cutters  are  all  revolving. 
To  overcome  oval  places  or  uneven  diameters,  the  cutters  are 
arranged  to  give  a  little,  and,  when  passed,  immediately  come 
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back  to  the  original  position,  and  by  a  slight  movement  of  the 
top  hand-wheel,  the  machine  can  be  reversed  (or  stopped)  and 
the  bad  p'ace  cleaned  by  passing  back  and  through  again. 
Many  Hues  are  not  perfectly  straight,  but  as  any  part  of  them 
within  the  machine  is  held  central  in  line,  the  projecting  ends 
are  at  liberty  to  swing. 

The  entrance  tube  is  provided  with  a  set  of  cnUars  with 
different  sized  holes  to  bs  inserted  alternately,  to  suit  the  differ- 
ent diameters  of  flues,  which  should  be  entered  in  a  straight 
line,  to  prevent  the  cutters  from  being  broken. 

This  machine  is  strong  in  all  its  parts  and  will  stand  the  hard 
work  it  is  designed  to  do  ;  the  shafts  are  protected^from  dirt 


loose,  when  straps  and  brasses  both  have  to  be  replaced.  Fig. 
15  shows  a  jointer  for  facing  locomotive  brasses,  designed  to 
do  this  particular  kind  of  work  by  hand  or  power ;  it  is  made 
so  light  that  two  men  can  carry  it  to  the  work.  It  has  an  ad- 
justable chuck  that  catches  the  brasses,  same  as  the  strap  does, 
and  holds  them,  as  held  on  the  pin.  No  more  time  is  required  to 
accurately  catch  or  place  the  brass  in  it.  than  to  screw  up  an 
ordinary  rise.  When  the  carriage  containing  the  chuck  is 
brought  up  to  the  cutter,  a  cut  from  ynVjj  '°  'A  °f  ^"  '"'^h  ^^o 
be  taken  off.  The  cutter  used  is  a  single  one,  placed  in  a 
disc  adjustable  to  different  diameters  ;  it  can  be  quickly  taken 
out  and  ground  on  an  ordinary  grindstone  or  emery  wheel. 


Fig.   15- 

JOINfER    FOR    FACING   LOCOMOTIVE   BR.\SSES. 


and  dust  with  bronze  bushings,  which  can  be  replaced  ;  the  cut- 
ters are  best  tool  steel,  and  are  made  in  duplicates,  which  can 
be  furnished  when  desired.  The  platform  of  the  frame  is  shaped 
like  a  saddle  to  allow  the  loose  lime  to  fall  off  freely.  The 
speed  of  the  machine  is  optional  with  the  user.  The  pulley  can 
be  run  as  high  as  400  revolutions  per  minute,  when  about  6  ft. 
per  minute  will  be  cleaned.  At  So  revolutions,  it  feeds  and 
cleans,  on  2-in.  tubas,  2  ft.  per  minute. 

In  this  a?e  of  heavy  freight  and  fast  passenger  service,  it  is 
necessary  that  all  the  wearing  parts  of  locomotives  should  be 
properly  attended  to  and  kept  in  the  best  kind  of  repair.  The 
connecting  rod  and  parallel  brasses  require  coniiderable  atten- 
tion, and.  when  kept  "brass  and  brass."  as  termed,  fitting  the 
crank-pins  properly,  there  is  very  little  noise  and  jar.  The 
present  manner  of  keeping  them  true  by  filin?  the  faces  requires 
a  very  expert  rain  and  co:i5U-n;s  a  great  a-n^unt  of  time.  It 
ii  necessary  to  have  the  joints  or  faces  of  the  brasses  exactly 
true  with  the  straps,  and,  unless  they  are  so  when  keyed  up, 
ttiey  will  wear  the  straps  as  well  as  the  brasses  and  become 


The  machine  shown  in  fig.  16  is  designed  for  drilling  all  the 
holes  in  smoke-boxes  and  cylinder  flanges  necessary  to  hang  one 
pair  of  cylinders,  and  at  one  setting  of  the  machine,  no  previ- 
ous drilling  being  necessary.  It  can  be  driven  by  hand  or  belt 
power,  the  latter  being  preferable  for  rapid  work.  It  consists 
of  an  adjustable,  triangular  spider  at  one  end,  so  arranged  that 
by  screwing  on  or  off  the  pointed  ends,  the  center  of  the  ma- 
ch'ne  is  central  with  the  smoke-box.  This  spider  supports  one 
end  of  the  machine,  the  other  end  being  supported  by  a  cross- 
head,  held  in  position  by  dogs  that  clamp  firmly  to  outer  edge 
of  the  smoke-box.  , 

On  this  cross  head,  sliding  pieces  are  arranged  to  slip  to  or 
from  the  center  for  different  diameters  ;  these  sliding  pieces  have 
holes  in  them  to  hold  the  dogs  and  allow  for  different  lengths 
of  smoke-boxes.  The  drilling-head  slides  on  two  parallel  rods, 
on  which  it  can  be  shifted  for  any  hole  to  be  drilled.  These 
rods  are  in  line  with  center  of  smoke-box,  and  between  them  is  the 
driving  shaft  having  a  bevel  gear-wheel  fastened  to  it  to  drive 
spindle  of  the  drill,  the  other  end  passes  through  the  hub  of 
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•driving-pulley,  having;  a  key  in  it  working  into  a  spline  of  the 
•shaft  ;  the  drilling  head  also  swinKs  on  a  bearing,  central  be- 
tween the  two  parallel  lods.  It  requires  very  little  lime  to  set 
the  machine,  and,  when  onco  set,  all  the  holes  can  be  drilled 
and  roamed  parallel  and  concentric  ;  it  need  not  be  stopped  to 
shift  from  one  hole  to  another,  as  the  shiftinK  is  done  by 
sliding  the  drilling  head  in  or  out  and  swinging  from  one  side 
to  the  other.  The  machine  is  strong  and  will  carry  a  i^j  drill 
without  any  difficulty  ;  the  shank  is  reamed  to  take  more  twist- 
drill  taper  shanks,  into  which  a  reamer  shank  is  fitted. 

After  the  cylinders  are  in  position,  an  expert  man  with 
helper  can  set  the  machine,  drill  and  ream  all  the  holes  re- 
•quircd  to  bolt  the  cylinder  to  boiler  in  from  4  to  5  hours  ;  this 
same  work,  done  without  this  machine,  takes  about  2>^  days' 
time. 


N.  J.,  were  destroyed  by  lire  May  12,  the  buildings  being 
burned  down  and  the  machinery  badly  damaged.  The  Com- 
pany had  an  extensive  plant  for  heavy  forgings  and  a  rolling 
mill.     The  works  are  to  be  rebuilt. 

The  Grant  Locomotive  Works,  of  Paterson,  N.  J.,  recently 
shipped  through  Messrs.  Russell  &  Co.,  of  China,  the  first 
locomotive  engine  ever  built  in  America  for  use  in  China.  It 
goes  to  the  Kaiping  Railway  Company,  limited,  which  con- 
trols the  Kaiping  coal  mines,  about  75  miles  northeast  of 
Tien-tsin,  in  the  province  of  Cbih-Ii,  and  has  a  light  railroad 
of  standard  gauge,  29  miles  long,  and  used  for  hauling 
coal. 

The  first  steel  rails  ever  made  in  the  South  vv  made  at 
the  new  mill   of  the  Roane  Iron   Company,  in  C       tanooga, 


Fig.   16. 

rieppel's  portable  drilling  machi 


The  above  machines  are  made  by  Messrs.  Pedrick  &  Ayer, 
proprietors  of  the  L.  B.  Flanders  Machine  Works,  of  Phila- 
•delphia. 


Manufacturing  Notes. 

The  Lappin  Brake  Shoe  Company,  has  started  up  its  new 
works  at  Bloomfield,  N.  J.,  and  has  already  began  shipping  to 
fill  orders.  The  works  are  fitted  with  every  modern  improve- 
ment for  turning  out  the  product  with  economy  and  rapidity. 
The  plant  has  a  capacity  of  25  tons  a  day. 

The  Philadelphia  Gas  Company  has  begun  the  building  of 
extensive  works  in  Pittsburgh  for  the  manufacture  of  the  fix- 
tures, regulators,  castings,  etc.,  used  in  its  business.  These 
have  heretofore  been  supplied  by  the  Westinghouse  Air 
Brake  Company,  but  that  Company's  works  are  now  fully  oc- 
cupied on  brake  work. 

The  Pratt  &  Whitney  Company,  in  Hartford,  Conn.,  is 
making  150  Gardner  improved  machine  guns  for  the  Italian 
Government. 

The  Sanderson  Brothers  Steel  Company  is  rebuilding  and 
enlarging  its  works  at  Syracuse,  N.  Y.,  which  were  recently 
damaged  by  fire. 

The  bridge  works  of  the  Chicago  Forge  &  Bolt  Company  were 
destroyed  by  fire  May  2.  These  works  were  built  in  1869  by 
L,  B.  Boomer,  and  were  owned  successively  by  the  American 
Bridge  Company,  Rust  &  Coolidge.  and  the  present  owners. 
They  will  be  rebuilt. 

The  buildings  of  the    Paterson   Iron  Company,  at   Paterson, 


Tenn.,  on  May  7,  last.  The  mill  has  now  one  5-ton  Besse- 
mer converter  in  operation,  and  a  second  converter  is  to  be 
put  in. 


Machine  for  Rolling  Car-Wheels. 

Theodore  W.  Bean,  of  Morisstown,  Pa.,  has  recently  pat- 
ented the  machine  illustrated  viz  the  accompanying  engraving, 
the  purpose  of  which  is  "to  produce  car-wheels  of  rolled  and 
compressed  steel." 

The  engraving  shows  a  side  view  of  the  machine,  F  and  G 
are  two  roll-heads  attached  to  shafts  R  and  P.  The  roll-heads 
are  so  shaped  as  to  give  the  desired  form  to  the  steel  ingol, 
which  is  to  be  compressed  by   them  into  the   exact  size   re- 


qui 


red. 


H  is  another  roll  whose  periphery  give  the  shape  to  the 
thread  of  the  wheel.  It  will  be  readily  noticed  that  it  moves 
by  friction  with  the  ingot,  and  is  not  actuated  by  either  of  the 
side  rolls. 

A  and  B  are  housings  in  which  the  shafts  P  and  R  are 
journaled.  The  ball-box  K  in  the  upper  bearing,  B,  supports 
the  extreme  end  of  the  shaft  P,  and  its  construction  allows 
the  roll-head  at  the  other  end  to  be  raised  or  lowered  while 
the  bearing  acts  as  a  stationary  pivot.  The  desired  pressure 
on  the  roll-head  F  is  given  by  means  of  the  screw  E  on  the 
rider  A^  and  allows  the  roll-heads  to  be  separated  sufficiently 
while  the  steel  ingot  is  be  placed  between  them  on  the  table 
M. 

Power  is  applied  to  the  shaft  R,  which  communicates  its 
motive  to  T' by  the  bevel  gears /and  /.  The  ingot  of  steel 
having  been  cast  to  a  suitable  shape  and  heated  is  placed  in 
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position  ' 


the  table  M  between  the  roIUheads  The  screw 
i  forces  the  rider  A'^on  to  the  roll  /",  and  the  steel  ing  t  is 
pressed  betwet-n  it  and  the  lower  roll,  The  rolls  //  and  G  act 
as  a  die,   while  the  upper   roll  gradually    descends   .ind    com- 


the  withdrawal   of   the  cinders   from   the   spark-box,  and  also 
furnishing  pure  air  to  the  fire-box  to  promote  combustion. 

When  the  spark-box  has  been  emptied,  which  can  be  done 
ordinarily  in  three  or  four  minutes,  the  valves  /i,' can  be 
closed  and  the  valve  li  be  opened,  when  the  operation  will  be 


BEAN  S   MACHINE    V 

presses  the  metal,  rendering  it  homogenous  throughout  and  of 
greater  tensile  strength. 

The  patent  is  dated  April  19,  1887,  and   numbered  361,479. 


Spark-Arrester  for  Locomotives. 

The  accompanying  illustrations  represent  a  spark-arrester, 
recently  patented  by  William  Wilson,  of  Bloomington,  III. 
As  will  be  seen  from  the  engravings,  a  wire  netting  is  placed 
in  the  smoke-box,  instead  of  the  stack,  and  is  in  the  form  of  a 
frustum  of  a  cone,  extending  from  the  top  of  the  exhaust  noz- 
zle to  the  bottom  of  the  stack.  In  front  of  the  tubes,  and  ex- 
tending below  the  top  of  the  exhaust  nozzle  is  a  deflector  E, 
and  another  deflector  F  is  placed  in  front  of  and  below  the 
nozzle.  Appended  to  the  lower  part  of  the  smoke-box  is  a 
receptacle  or  spark-box  G,  the  opening  into  which  can  be 
closed  by  a  valve.  From  this  spark-box  two  pipes,  ///,  run 
back  to  the  fire-box,  where  they  connect  with  the  pipes  /  K I., 
running  along  the  front  and  side  of  the  fire-box.  and  having 
communications  with  it  through  the  hollow  stay-bolts  i  k  i  k  ; 
an  enlarged  section  of  the  pipe  and  stay-bolt  are  shown  in  fig. 
There  are  further  provided  two  small  pipes  m  m,  opening 
n  front  of  the  spark-box  into  the  air,  and  extending  backward 
nto  and  a  short  distance  through  the  large  pipes  H  I.  The 
pipes /T/,  at  their  entrance  into  the  spark-box,  are  provided 
with  valves  /  g,  and  these  valves  are  operated  by  a  shaft  ex- 
tending through  the  spark-box  and  by  a  system  of  levers  d  h, 
which  also  moves  the  valve  b  between  the  smoke-box  and  Jthe 
spark-box. 

The  operation  is  as  follows  :  Suppose  the  valve  b  to  be 
open  and  the  valves/;'  to  be  closed,  then  sparks  which  pass 
through  the  flues  will  be  deflected  downward  by  the  diaphragm 
or  deflecting  plate  £,  and,  as  they  move  very  swiftly,  they  will 
be  carried  across  through  the  smoke-arch  and  passage  a  into 
the  spark-box  G.  The  deflecting  plate  F  will  have  a  beneficial 
effect  in  aiding  to  prevent  the  upward  movemenj  of  the  sparks 
after  they  pass  the  lower  end  of  the  deflector  E.  When  the 
spark-box  is  full  or  nearly  so,  the  engineer  through  the  rod  e, 
can  close  the  valve  b  and  at  the  same  time  open  the  valves/."-, 
and  then  communication  between  the  smoke-arch  and  spark- 
box  will  be  closed,  and  communication  from  the  spark-box 
through  the  passage  ///to  the  fire-box  will  be  open.  As  often 
as  the  steam  is  exhausted  air  will  be  drawn  through  the  flues 
from  the  fire-box,  and  at  the  same  time  air  and  the  cinders  in 
the  spark-box  will  be  drawn  through  the  tubes  //  /,  chamber 
/,  tubes  K  L,  and  hollow  stay-bolts  k  into  the  fire-box,  to  take 
"the  place  of  the  air  drawn'therefrom  by  the  action  of  the 
exhaust-steam.  At  the  same  time  a  current  of  air  will  pass 
through  the  pipes  m  m  into  the  passages  //  /,  and  a  strong 
current  of  air  will  pass  through  the  passages  //  /,  facilitating 


WILSON  S   SPARK-ARRESTER. 

repeated.  The  spark-box  may  have  a  capacity  suflicient  to 
hold,  say,  five  or  six  bushels  of  cinders. 

An  opening  may  be  provided  in  the  bottom  of  the  spark-box, 
through  which  cinders  may  be  removed  in  case  of  any  stop- 
page in  the  passages  leading  from  the  spark-box  back  to  the 
fire-box.  This  opening,  if  provided,  will  of  course  be  kept 
closed,  except  when  opened  for  the  purpose  of  removing 
cinders. 

Mr.  Wilson's  patent  is  dated  .\pril  26.  1887.  and  is  num- 
bered 361,738. 

Proceedings  of  Societies. 


Engineers'  Club  of  St.   Louis. 

A  REGULAR  meeting  was  held  in  St.  Louis,  April  20,  Presi- 
sident  Potter  in  the  chair  ;  16  members  and  2  visitors  present. 

Mr.  McMath.  Chairman  of  the  Committee  on  Resolutions 
on  the  death  of  Capt.  J.  B.  Eads,  submitted  a  report  which,  on 
vote,  was  received.  It  was  directed  that  the  report  be  spread 
upon  the  records  of  the  Club,  and  a  copy  sent  to  the  family  of 
the  deceased. 

Prof.  .lohnson  made  a  verbal  report  of  the  recent  meeting  of 
the  Board  of  Managers  of  the  Association  nf  Engineering 
Societies  at  Chicago.  The  new  arrangements  made  for  the 
publication  of  the  Journal  wftxe.  reported,  and  its  regular  appear- 
ance in  future  promised. 

Mr.  C.  W.  Clark  then  read  a  paper  on  Experiments  with 
Submerged  Adjutages,  describing  some  experiments  made  at 
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the  University  of  Illinois,  lie  deduced  the  results,  giving  the 
<:o-efficient  of  discharge  for  each  form  of  <idjutage  experimented 
with.  The  paper  was  discussed  bv  Prof.  Johnson,  J.  A.  Scd- 
don,  Russell,  Prof.  Gale  and  R.  E.'McMath. 

A  paper  by  Col.  E.  D.  Meier  was  announced  for  the  next 
meeting. 


National  Water  Works  Company,  read  the  paper  of  the  even- 
ing, entitled  Work  with  Submarine  Armor. 

Mr.  William  11.  Brcithaupt,  consulting  engineer,  of  the  firm 
of  Brcithaupt  &  Allen,  presented  lithographs  of  the  longest 
continuous  girder-bridge  yet  constructed,  at  Lachine,  Quebec. 


The  Club  met  in  St.  Louis,  May  4.  President  Potter  in  the 
chair,  and  12  members  present. 

Col.  E.  D.  Meier  then  read  a  paper  on  Evaporative  Efficiency 
of  Boilers,  prefacing  his  remarks  by  the  statement  that  he  had 
been  unable  to  complete  his  investigations,  and  asking  that 
the  present  paper  be  considered  as  introductory  to  a  more 
complete  discussion  which  he  hoped  to  be  able  to  present 
later.  Colonel  Meier  spoke  of  the  divty  expected  of  steam- 
generating  apparatus,  and  the  dlflicultics  met  with  in  reducing 
the  results  secured  in  tests  to  a  common  standard  for  compari- 
son. Some  suggestions  were  made  looking  toward  a  suitable 
standard  of  comparison.  The  values  of  various  grades  of 
fuels  were  touched  upon.  The  relative  merits  of  steel  and 
iron  for  boiler  construction  were  discussed,  the  conclusion  be- 
ing that  it  depended  wholly  upon  proper  precautions  being 
taken  to  make  sure  that  a  suitable  grade  of  material  is  secured. 
Prof.  Potter.  Prof.  Johnson,  Mr.  Flad,  Mr.  Seddon  and  Mr. 
Wheeler  took  part  in  the  discussion. 

The  President  announced  the  Committee  on  Smoke  Pre- 
vention, as  nnw  constituted,  to  be  :  W.  B.  Potter.  E.  D.  Meier, 
H.  B.  Gale,  C.  F.  White,  W.  H.  Bryan  .and  C.  E.  Jones.  A 
paper  by  H.  A.  Wheeler  on  the  Relative  Economy  of  Machine 
and  Hand-Drilling,  was  announced  for  the  next  meeting. 

The  Club  met  May  iS.  President  Potter  in  the  chair,  21 
members  and  2  vi;itors  present.  J.  N.  Judson  and  N.  W. 
Eayrs  were  elected  members. 

Mr.  R.  E.  McMath,  Chairman  of  the  Committee  on  National 
Public  Works,  made  a  report  stating  that  no  recent  progress  had 
been  made.  On  motion  the  report  was  received  and  the  com- 
mittee discharged,  Mr.  McMath  was  directed  to  remit  to  the 
Treasurer  of  the  National  Committee  the  funds  in  hand  for 
that  specific  purpose  and  to  express  to  the  otficers  of  that  body 
the  sentiment  of  the  Club  on  the  subject — which  is  not  favor- 
able to  further  agitation  of  the  matter  at  present, 

Mr.  H.  \.  Wheeler  then  read  a  paper  on  The  Relative  Econ- 
omy of  Machine  and  Hand  Drilling.  The  subject  was  care- 
fully reviewed,  and  the  various  factors  entering  into  the 
problem  were  explained  and  discussed.  A  comparison  based 
upon  results  in  St.  Louis  limestone  quarries  showed  an  eco- 
omy  of  20  per  cent,  in  favor  of  the  machine.  A  comparison  of 
work  at  the  Conglomerate  Mine  showed,  in  drifting,  5  per 
cent,  in  favor  of  the  machine,  but  in  sinking,  hand  work  showed 
a  superiority  of  20  per  cent.  The  comparisons  were  made 
upon  the  relative  cost  per  foot  of  hole  drilled,  and  did  not  in- 
clude the  factors  of  quantity  of  material' removed,  speed  re- 
quired and  ventilation.  The  value  of  each  of  these  factors  could 
only  be  determined  by  an  investigation  into  the  special  require- 
ments of  each  case.  They  should  always  receive  attention  as 
thev  have  an  important  bearing  on  the  problem. 

The  discussion  was  participated  in  by  Messrs.  Holman, 
Melcher,  Seddon,  Moore,  Potter  and  Stockett. 

The  question  of  the  relative  cost  of  mining  coal  by  machine 
and  by  hand  was  also  brought  up.  It  was  stated  by  Mr. 
Stockett  that  he  had  accumulated  data  showing  1510  20  per 
cent,  economy  in  favor  of  the  machine.  The  principal  advan- 
age  of  machine  work  was  its  effect  on  the  labor  question. 


Boston  Society  of  Civi!  Engineers. 

The  Boston  Society  of  Civil  Engineers  held  its  regular 
monthly  meeting  at  its  rooms  in  Boston,  May  iS,  with  43 
members  and  9  visitors  present.  Mr.  S.  E.  Tinkham  was 
elected  Secretary  in  place  of  H.  L.  Eaton,  resigned. 
^^  Mr.  P.  H.  Dudley  read  a  long  and  carefully  prepared  paper 
on  Woods,  their  Structure,  Decay  and  Preservation.  This 
was  followed  by  a  short  discussion,  and  the  Club  then  ad- 
journed. 

Engineers'  Club  of  Kansas  City. 

At  the  regular  meeting  in  Kansas  City,  Mo.,  May  2, 
official  notice  was  received  that  the  Club  had  been  admitted 
into  the  Association  of  Engineering  Societies.  Messrs.  Wm.  D. 
Jenkins.  J.  F.  Wallace,  Robert  C.  Pearsons,  M.  E.  Bowen. 
E.  W.  Grant,  Wm.  Norris  and  T.  F.  Wynne  were  elected 
members.     Mr.    Galen    W.  Pearsons,    Chief    Engineer  of  the 


Engineers'  Club  of  Philadelphia. 

A  Kf.oui.AK  meeting  was  held  in  the  Club  rooms  in  Phila- 
delphia, President  T.~M.  Cleeraann  in  the  chair;  24  members 
present. 
The  Secretary  presented,  for   Mr.  Edwin  Ludlow,  Notes  on 
j    the  Preparation  of  Anthracite  Coal.     Mr.  Ludlow  says  : 

"  I  desire  to  call  (lie  attention  of  the  members  of  this  Club, 
and  especially  those  who  are  mechanical  engineers  and  have 
the  bump  of  inventiveness  well  developed,  to  one  of  the  great- 
est needs  now  met  with  in  the  preparation  of  anthracite  coal. 
While  engineering  ability  and  mechanical  skill  have  done 
wonders  during  the  last  decade  toward  putting  the;  mining 
and  preparation  of  coal  on  a  scientific  basis,  making  it  possi- 
ble to  ship  as  high  as  2,600  tons  of  prepared  coal  from  one 
breaker  in  a  single  day,  still  in  every  breaker,  no  matter  how 
modern  it  may  be,  one  will  find  the  chutes,  through  which  the 
coal  passes  from  the  screens  to  the  loading-pockets,  lined 
with  boys  from  12  to  14  years  of  age,  who  sit  there  10  hours  a 
day,  picking  by  hand  the  slate  from  the  coal  as  it  passes  along. 
The  atmosphere  of  this  screen-room  is,  in  many  cases,  so 
laden  with  fine  coal-dust  that  objects  cannot  be  distinguished 
20  ft.  away  ;  and  while  the  breathing  of  this  coal  dust  does  not 
seem  to  have  any  immediate  effect  on  the  boys'  health,  it  un- 
doubtedly lays  the  seeds  for  the  bane  of  the  coal  region — 
miners'  consumption.  It  strikes  every  thoughtful  man,  who 
looks  down  on  from  100  to  200  boys  working  in  a  single 
breaker,  that  it  is  a  very  crude  and  expensive  way  of  prepar- 
ing coal. 

"Various  appliances  have,  of  course,  been  designed,  but 
the  only  really  successful  one,  as  proved  by  actual  experience, 
has  been  the  water-jig.  This  undoubtedly  removes  the  slate 
with  a  small  percentage  of  waste  of  coal,  and  where  the  pro- 
duct of  the  mine  is  wet,  and  water  has  to  be  used  on  the  screens 
to  effect  a  separation  of  the  dirt  from  the  coal,  it  is  the  best 
and  most  economical  appliance  that  can  be  employed.  But 
the  greater  part  of  the  coal  going  to  market  comes  from  dry 
mines,  where  it  would  be  a  detriment  to  the  quality  of  the 
coal,  and  a  great  expense,  to  use  water. 

"  The  waste-water  from  the  jig  is  also  expensive  to  take 
care  of,  as  in  most  localities  it  is  no  longer  allowable  to  let  it 
run,  with  the  line  dirt  it  holds  in  solution,  into  the  rtearest 
creek,  as  the  sediment  will  carry  a  long  distance,  and  invari- 
ablv  deposits  itself  where  it  will  do  the  most  harm,  and  entail 
a  heavy  suit  for  damages.  Enough  tanks  have  therefore  to  be 
provided  to  allow  all  the  waste-water  to  thoroughly  settle,  so 
that  the  water  and  culm  can  be  removed  separately.  Water 
itself,  or  rather  the  pure  article,  is  both  scarce  and  expensive 
during  a  part  of  each  year  throughout  nearly  the  whole  region. 

"And  if  mine-water  is  used,  as  is  generally  the  case,  the 
acid  contained  in  it  attacks  the  iron-work  of  the  jig,  and 
makes  frequent  repairs  necessary. 

"The  principle  the  jig  works  on  is  based  on  the  difference 
in  specific  gravity  between  coal  and  slate.  The  two  enter  the 
bottom  of  the  jig  together,  and,  by  the  pulsations  of  a  large 
plunger  in  an  adjoining  compartment,  water  is  forced  up 
through  the  coal,  lifting  it,  and  allowing  a  fresh  supply  to 
come  in.  The  coal  is  forced  to  the  top  and  runs  off  with  the 
water,  while  the  slate,  owing  to  its  greater  specific  gravity, 
passes  out  through  a  separate  opening  in  the  bottom. 
j  "  Now,  what  is  Tieeded.  and  what  I  hope  some  member  of 
this  Club  will  devise,  is  a  dry  jig,  in  which  this  separation  will 
be  effected  by  the  use  of  air  instead  of  water. 

"One  of  the  difficulties  encountered  in  getting  up  such  a 
jig  is  caused  by  the  care  with  which  coal  has  to  be  handled  to 
prevent  its  chipping  or  breaking.  It  cannot  be  dropped  on  to 
iron  or  wire,  or  to  itself,  without  producing  an  appreciable 
percentage  of  waste.  With  the  most  approved  rolls  the  loss 
in  re-breaking  any  size  to  a  smaller  one  amounts  to  from  10  to 
15  per  cent. 

"While  the   difference  in  specific  gravity  between  coal  and 

slate    of    the    same    sized  pieces  is   very   great,   still    trouble 

would  be  experienced  in  any  separation  by  an  air  current  with 

fiat  pieces   of  both   slate  and  coal,  on  which  the  action  of  the 

1    air  would  vary,  according   to  whether  it  acted  on  the  edge  or 

the  whole  side. 
I         "  The  man  who  invents  a   successful  dry  jig  that  will  stand 
i     the  test   of  actual  trial,  will   undoubtedly  make  a  very  hand- 
some thing  by  it. 


283 


THE    RAILROAD    AND 


[June,  1887. 


"  Not  to  be  too  cumbersome,  a  single  jig  should  not  have  a 
greater  capacity  than  500  tons  per  day,  and  as  the  shipping 
capacity  of  the  anthracite  region  is  about  200,000  tons  per  day, 
it  would  take  about  400  to  supply  the  trade. 

"  I  shall  always  be  most  happy  to  furnish  any  information, 
or  give  any  assistance  in  my  power  to  any  one  desiring  to 
work  on  the  matter." 

Mr.  J.  E.  Codman  presented  a  description  of  a  Perpetual 
Motion  Machine,  which  had  been  offered  by  a  western  corre- 
spondent of  the  Philadelphia  Water  Department,  as  a  means 
of  supplying  Philadelphia  with  water  at  an  annual  running 
expense  of  $5  only. 

A  REGULAR  meeting  was  held  at  the  Club  House  in  Philadel- 
phia, May  7,  President  T.  M.  Cleemann  in  the  chair;  iq  mem- 
bers present. 

The  Secretary  presented  an  illustrated  paper  by  Mr.  Lewis 
N.  Lukens  upon  Some  Remarkable  Breaks  in  a  Reservoir. 

Captain  S.  C.  McCorkle  exhibited  a  map  of  the  rivers  in  the 
vicinity  of  New  York,  made  for  commercial  purposes,  and  re- 
ferred to  the  proposed  preparation  of  a  similar  map  of  the 
rivers  in  the  vicinity  of  Philadelphia,  requesting  the  discussion 
of  the  subject  by  the  Club 

It  was  suggested, that  the  Schuylkill  River  above  Fairmount 
Dam  be  included  in  the  survey  and  plan,  as  a  great  conveni- 
ence to  some  1,500  members  of  the  Philadelphia  rowing  frater- 
nity, but  Capt.  McCorkle  stated  that  the  Government  work 
could  not  be  extended  above  tidewater. 

It  was  also  suggested  that  it  would  make  the  map  more  gen- 
erally useful  if  the  streets  and  other  topography  were  extended 
across  the  city  or  farther  inland,  instead  of,  as  in  the  New 
York  map,  only  showing  the  wharves,  piers  and  other  water- 
front lines. 

The  discussion  was  adjourned  and  its  further  continuance  is 
invited. 


American  Society  of  Civil  Engineers. 

A  RiiGULAK  meeting  was  held  at  the  Society's  House  in 
New  York,  May  4,  President  Worthen  in  the  chair.  The 
following  elections  were  announced  :  Members. — Richard  Mil- 
ford  Berrian,  Chief  Engineer  Atlantic  Coast,  St.  Johns  & 
Indian  River  Railroad,  New  York  City  ;  John  Sterling  Deans, 
Phoenix  Bridge  Company.  Phoi-nixville,  Pa.:  John  Addison 
Fulton.  Chicago.  Santa  Fe  &  California  Railroad,  Kansas 
City,  Mo.;  Wilbur  Francis  Goodrich,  Toledo,  St.  Louis  cS: 
Kansas  City  Railroad,  Kokomo,  Ind.;  John  Rogers  Hudson, 
Pomona,  Cal. ;  Frank  Adolph  Leers,  Passaic  Rolling  Mill, 
Paterson,  N.  J.;  John  George  Macklin,  Grand  Trunk  Rail- 
way, Peterboro,  Ont.;  David  Lowber  Smith,  Deputy  Com- 
missioner Department  of  Public  Works,  New  York  City. 
Associate. — Robert  James  Pratt,  Electric  Manufacturing  Co., 
Troy,  N.  Y.  Juniors. — Edgar  Bonaparte  Gosling,  Depart- 
ment of  Docks,  New  York  City  ;  Alfred  Milton  Mosscrop, 
Cornell  University,  Ithaca.  N.  Y.;  Edward  Walter  Rathbun, 
Napanee,  Tamworth  &  Quebec  Railway.  Xapanee,  Can,; 
William  Plumb  Williams,  Assistant  Engineer  Electrical  Sub- 
way Commission,  New  York  Citv 

An  abstract  of  a  paper  by  Professor  George  F.  Swain, 
Massachusetts  Institute  of  Technology,  on  the  Calculation  of  the 
Stresses  in  Bridges  for  the  Actual  Concentrated  Loads,  was 
read. 

A  paper  was  read  by  J.  A.  Monroe  on  a  Novel  Method  of 
Removing  Air  from  a  Vertical  Bend  in  a  Suction  Pipe.  The 
method  described  in  the  paper  v,-as  the  application  of  a  steam- 
injector  to  the  top  of  the  bend  by  a  direct  pipe  from  the  boiler 
in  such  a  manner  as  to  exhaust  the  air.  By  reversing  the 
direction  of  the  steam  it  could  also  be  used  in  cold  weather  to 
melt  any  ice  forming  in  the  bend. 

A  discussion  took  place  also  on  certain  questions  connected 
with  the  testing  of  cements  and  the  removal  or  prevention  of 
the  efflorescence  on  walls.  As  to  the  latter,  Mr.  Worthen 
mentioned  the  application  on  brick  walls  of  the  soap  and  alum 
solutions.  Two  or  three  applications  of  each,  externally, 
caused  no  discoloration,  and  absolutely  prevented  all  efflor- 
escence. 

.\  curious  case  of  cement-testing  was  mentioned  by  Secre- 
tary Bogart,  in  which  a  cement  showed  greater  strength  at  all 
the  ages  of  mixture,  thus  far  tested,  when  mixed  one  of 
cement  to  one  of  sand  than  when  mixed  neat. 

A  CIRCULAR  from  the  Committee  of  Arrangements  gives  the 
following  information  in  relation  to  the  annual  convention  : 

"  The  convention  of  18S7  will  be  held  at  the  Hotel  Kaaters- 
kill.  New  York,  beginning  about  July  2.  1SS7.  The  Kaaters- 
kill  is  one  of  the  largest  hotels  in  the  United  States.  It 
overlooks  many  miles  of  the  course  of  the    Hudson    River.   It 


is  reached  directly  by  rail  from  Rondout  and  Kingston,  and 
also  by  rail  from  Catskill  to  the  foot  of  the  mountain,  and 
thence  by  carriage  to  the  hotel.  It  is  contemplated  that  all 
those  intending  to  be  at  the  convention  should.  If  possible, 
meet  in  New  York  City,  and  leave  by  steamboat  on  the  morn- 
ing of  the  day  previous  to  the  opening  of  the  convention. 
The  trip  up  the  Hudson  will  be  one  of  the  features  of  this  oc- 
casion. A  stop  will  probably  be  made  at  West  Point,  and 
the  works  at  the  bridge  over  the  Hudson  at  Poughkeepsie  will 
be  visited  and  inspected.  The  masonry  and  foundation  of 
the  piers  and  the  superstructure  of  this  bridge  are  in  progress. 
The  convention  will  continue  at  the  hotel  several  days,  in- 
cluding the  Fourth  of  July.  Arrangements  are  contemplated 
for  a  visit  to  the  cement  rock  mines  and  the  cement  works  of 
the  Rondout  Valley  (Rosendale),  which  are  near  ihi  Kaaters- 
dill.  The  rate  at  the  hotel  will  be  ^3  per  day.  Ample  ac- 
commodations are  assured.  The  details  of  arrangements  for 
the  convention,  and  for  transit  to  and  from  the  place,  will  be 
announced  in  a  future  circular. 

"  -Members  are  invited  to  discass  the  subjects  presented  by 
the  papers  which  have  been  published  in  the  transactions 
since  the  last  convention.  In  addition  to  the  papers  already 
issued,  the  following   will    be    ready    either  in    full   or    in  ab- 

1  stract,  and  will  be  sent  to  such  members  as  will  notify  the 
committee  of  their  willingness  to  discuss  the  subjects  pre- 
sented.     Formulas  for  the  Weights  of  Bridges.  A.   |.  Du  Bois  ; 

i  Vibration  of  Bridges,  S.  W.  Robinson  :  Specift'caiions  for 
Strength  of  Bridges,  J.  .A.  L.  Waddell;  Calculations  of  the  Strain 
in  Bridges  for  the  Actual  Loads,  G.  F.  Swain  :  Water  Supply, 
Drainage  and  Sewerage  of  the  Lawrenceville  School,  f.  S. 
Odell;' Determination  of   the  Size  of  Sewers.  R.  E.  McMath  ; 

I  Anchor  Ice,  James  B.  Francis  ;  Steel,  its  Properties,  its  Use 
in  Structures  and  in  Heavy  Guns,  William  Metcalf  ;  Some 
Constants  of  Structural  Steel,  P.  C.    Rickets  ;  Irrigation,   Ed- 

!  ward  B^tes  Dorsey  ;  Brick  Industry  near  New  York,  Calvin 
Tomkins. 

"  It  is  expected  that  the  following  subjects,  most  of  them 
suggested  by  some  of  the  papers  published  or  received  dur- 
ing the  past  year,  will  be  particularly  discussed,  and  commu- 
nications upon  these  subjects  are  especially  invited  by  the 
committee. 

"  The  inspection  and  maintenance  of  railway  structures; 
the    disposal  of   sewerage  ;  recent   practice   in  cable    railway 

'    propulsion. 

"  Members   of   the   society  are  particularly  invited  by  the 

!  Committee  to  transmit  their  contributions  at  as  early  a  date  as 
possible,  so  that  suitable  arrangements  may  be  made  for  the 
disposition  of  time  at  the  convention.     To  insure  the  prepara- 

I  tion  and  preliminary  printing  of  papers  or  abstracts  of  papers 
to  be  presented  at  the  convention,  they  must  be  received  at 
the  Society  House  not  later  than  May  31. 

"  It  is  not  intended  to  restrict  in  any  sense  the  presentatioa 

[    of  papers  to  the  subjects  above  suggested." 

A  REGUL.'VR  meeting  was  held  in  New  York,  May  18. 

The  Secretary  read  a  paper  by  Professor  A.  J.  DuBois, 
giving  Rational  Formula;  for  Weight  of  Bridges.  The  writer 
supported  his  formulae  (which  will  be  found  on  another  page) 
by  elaborate  mathematical  reasoning,  and  supplemented  them 
by  tables  calculated  according  to  the  formulae. 

Written  discussions  by  Messrs.  Seaman,  Gottlieb,  C.  J. 
Morse,  H.  C.  Jennings.  E.  Thatcher.  Hughes,  I'egram,  Pro- 
fessors Waddell  and  Ricketts,  were  read  ;  also  a  supplemen- 
tary article,  to  close  the  discussion,  by  Professor  DuBois. 
There  was  a  short  verbal  discussion  by  Messrs.  Thomson  and 
C.   E.  Emery. 

The  Secretary  announced  that  the  party  for  the  annual  con- 
vention would  leave  New  York  on  the  .■\lbany  day  boat,  .Tuly  I. 
otherwise  arrangements  would  be  as  heretofore  announced. 

The  Secretary  also  stated  that  he  would  like  to  receive  ad- 
dress of  engineers  competent  to  take  charge  of  location  and 
construction  of  sections  or  subdivisions  of  road. 

A  photograph  of  the  new  Manhattan  Bridge  over  the 
Harlem  River  was  presented  by  W.  R.  Hutton.  A  large  piece 
of  sandstone,  scaled  from  Trinity  Church,  New  York,  showing 
marked  effects  of  weather,  was  exhibited  by  a  member. 


Nev7  England  Railroad  Club. 

The  regular  meeting  of  this  Club  was  held  in  Boston,  May 
II,  President  Lauder  in  the  ehair.  The  regular  subject  for 
the  evening — Axle  Bearings,  Dust  Guards  and  Lubrication 
was  taken  up. 

Tiie  President  opened  the  discussion  by  referring  to  the 
importance  of  dust  guards,  stating  that  in  his  opinion  almost 
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all  of  the  wear  of  journals  is  proiUicod  by  foreign  mailer  get- 
ting into  the  box.  He  showed  ;i  journal  which  had  run  36,000 
miles  on  a  very  tiirty  road  without  appreciable  wear. 

Thediscussion  was  continued  by  Messrs.  Chamberlin,  Coney, 
Morse,  McKenzie,  Adams,  Mills  and  GohrinR.  Several 
speakers  advocated  llie  use  of  k-ad-lineil  boxes,  while  others 
preferred  good  bronze.  The  gtncral  opinion  was  expressed 
that  with  the  weights  of  cars  now  in  use  the  M.  C.  B.  standard 
axle  was,  if  anything,  too  small,  and  the  President  thought 
that  4  X  8  in.  journals  would  socm  bu  necessary. 

After  the  end  of  the  discussion,  thu  Clua  adjourned  until  the 
second  Wednesday  in  .September. 


Master  Car-Builders'  Club. 

The  regular  meeting  was  held  at  the  rooms  in  N'ew  York, 
May  ig.  The  meeting  was  devoted  to  the  discussion  of  the 
Rules  Governing  the  Interchange  of  Cdrs.  The  Club  then  ad- 
journed until  September. 


Western  Railway  Club. 


The  regular  monthly  meeting  was  held  in  Chicago,  .^pril  20. 
In  the  absence  of  President  Scott,  Mr.  L.  E.  Johnson  occupied 
the  chair. 

It  was  ordered  that,  as  President  Scott  wished  to  retire  from 
the  Committee  on  Car  Heating,  the  other  two  members  of  the 
committee  be  empowered  to  select  the  third  member,  in  Mr. 
Scott's  place. 

Mr.  Grossman,  for  the  Chairman  of  the  Committee,  read  a 
report  of  the  Library  Committee,  which  was,  on  motion,  laid 
over  until  the  September  meeting. 

Mr.  Johnson,  Chairmain  of  the  Committee  on  Interchange 
Rules,  presented  a  report  recommending  certain  amendments. 
The  report  was  taken  up  for  discussion  and  action,  but  was  not 
completed. 

Under  Rule  3,  Sec.  b,  Mr.  Meade  presented  a  blue-print  plan 
for  a  .gauge  differing  fr^m  the  plan  given  in  the  present  rule  in 
that  it  gives  a  definite  point  for  the  height  of  the  vertical  side 
of  the  flange  when  worn  sharp  ;  the  leg  being  also  lengthened 
X  in.  in  order  to  insert  it  in  a  worn  tread  next  to  flange.  The 
adoption  of  this  plan  of  .gauge  was  recommended  to  the  Master 
Car-Builders'  Association. 

The  Club  then  adjourned  until  the  third  Wednesday  of 
September. 

Union  Pacific  Railway  Club. 

This  Club  was  recently  organized  at  Omaha,  Neb.,  with  the 
following  officers :  President,  John  Wilson  ;  Active  Vice- 
President,  G.  T.  Crandell  ;  Honorary  Vice-Presidents,  S.  R. 
Callawav,  G.  M.  Gumming, T.  L.  Kimball.  S.  T.  Smith,  Erastus 
Young;' Secretary,  Charles  A.  Starr  ;  Treasurer,  C.  H. 
Ledlie  :  Librarian,  Walter  Carter  ;  Directors,  E.  Buckingham, 
C.  N.  Pratt,  H.  B.  Hodges,  G.  H.  Mumford,  George  Weigman. 

The  Club  will  have  rooms  in  the  Headquarters  Building  of 
the  company  in  Omaha,  where  regular  meetings  will  be  held 
on  the  third  Saturday  of  each  month  for  discussion  of  sub- 
jects connected  with  railroad  operation.  About  150  volumes 
have  been  secured  as  a  nucleus  for  a  library,  which  it  is  hoped 
to  make  an  extensive  one. 

All  employes  of  the  Union  Pacific  Railway  are  eligible  to 
membership  in  the  Club,  which  has  the  support  of  the  officers 
of  the  Company. 


United  States  Naval  Institute. 

A  MEETING  of  the  Newport  Branch  was  held  at  the  Torpedo 
Station,  Newport,  R.  I.,  April  27,  to  discuss  a  paper  by 
Passed  Assistant  Engineer  W.  M.  Parks  on  Training  of  En- 
listed Men  on  the  Engineers'  Force.  The  author  held  that  it 
would  be  far  better  for  the  boys  when,  they  enlisted  on  board 
the  A/inirirsota,to  he  p]a.ced  at  once  in  the  engine  and  fire-rooms 
on  that  ship  and  trained  to  be  first-class  firemen  and  machin- 
ists, and  if  this  was  done  the  rank  of  second-class  firemen 
could  be  abolished. 

Captain  Arthur  R.  Yates  said  that  a  great  deal  is  involved, 
especially  of  time  and  expense,  in  training  people  for  the  en- 
gineers' department,  either  as  firemen  or  machinists,  and  I 
think  it  would  be  of  great  benefit  to  the  service  if  they  could  be 
trained  on  boaad  our  training  squadron  as  they  will  then  get  a 
certain  amount  of  military  training  before  going  aboard  cruis- 
ing ships. 


Lieutenant  Edwin  K.  Moore  thought  a  better  plan  would 
be  to  have  the  apprentices  sent  aboard  the  training  ships,  and, 
when  qualified  for  transfer,  sent  to  some  school  for  their  ap- 
prenticeship as  firemen,  machinists  or  whatever  capacity  they 
may  get  in  the  future  in  the  enijincer  corps.  The  boy  should 
receive  some  training  on  board  a  ship  before  he  is  capable  of 
doing,  anything  on  that  ship  :  to  take  proper  care  of  himself, 
his  clothes,  his  hammock,  his  bag — and  a  certain  amount  of 
seamanship.  He  would  require  no  more  instruction,  except 
in  the  one  profession  which  he  might  select  for  the  future. 
Then,  if  he  could  be  sent  to  a  steamship  and  serve  a  term  of 
apprenticeship  he  thought  it  would  be  better  than  to  take  him 
as  a  green  boy  from  the  street  or  farm,  or  whatever  place  he 
may  come  from. 

Lieutenant  Joseph  B.  Murdock  said  that,  in  the  abstract,  he 
fully  approved  of  this  paper.  He  thought  that  the  great 
necessity  of  the  service  to-day  is  for  a  higher  lechnital  train- 
ing. Take  our  new  ships.  We  require  something  more  than 
ordinary  steamships  in  handling  them. 

Ensign  Geo.  W.  Denfield  said  that,  according  to  his  recol- 
lection, the  system  of  tjaining  boys  for  the  engineers'  force 
has  been  tried  and  has  been  given  up,  one  reason  for  which 
was  that  it  had  a  tendency  to  ruin  them  physically.  He  did 
not  think  any  man  should  be  taken  into  the  engine-room  or 
fire-room  until  he  had  reached  full  growth.  The  hardships 
there,  which  men  must  endure,  cannot  be  undertaken  by  boys. 
If  you  know  what  kind  of  a  man  you  want,  an  examination  will 
soon  show  whether  he  is  qualified  for  the  duties  he  is  intended 
to  perform.  He  was  in  favor  of  men  being  trained  on  ship- 
board, but  thought  they  should  have  a  certain  amount  of 
knowledge  and  training  which  men  get  on  shore.  He  did 
not  believe  in  training  apprentices,  but  did  believe  in 
training  men,  in  giving  them  some  general  idea  of  what  is  re- 
quired of  them  before  going  on  sea-going  ships. 

Commander  F.  J.  Higginson  said  he  could  not  help  ap- 
proving this  system  of  educating.  Let  the  apprentices  go 
into  the  fire-room  on  the  new  crui-ers  and  let  them  be  taught 
their  duties  there,  and  then  go  into  the  machine-shops  and 
learn  the  duties    of  the  machinist. 

Lieutenant  Karl  Rohrer  thought  the  better  educated  the 
firemen  and  shovelers  are,  the  less  coal  will  be  burned  for  the 
given  amount  of  power.  It  was  a  question  in  his  mind 
whc'ther  the  fire-room  offers  sufficient  attraction  to  draw  a 
number  of  these  boys  into  it  after  they  have  almost  qualified 
themselves  as  seamen.  He  would  take  people  between  18 
and  23  years  of  age.  He  did  not  see  why  a  system  of  ap- 
prenticeship could  not  be  inaugurated  to  embrace  all  our 
naval  stations,  where  boilers  and  machinery  are  in  constant 
use,  and  there  train  these  men  in  the  manipulating  of 
machinery,  boilers,  tools,  etc.,  and  then  after  three  months, 
draft  them  on  board  our  sea-going  vessels. 


Car  Accountants'  Association. 

This  Association  held  its  twelfth  annual  convention  in  At- 
lanta, Ga.,  April  ig,  the  sessions  continuing  on  April  20 
and  21. 

The  following  officers  were  chosen  :  President,  T.  J. 
Hoyle  ;  Vice-President,  E.  C.  Spaulding  ;  Secretary,  H.  H. 
Lyon  ;  Treasurer.  E.  M.  Horton  ;  Executive  Committee,  W. 
A.  Moody,  G.  J.  Cook,  W.  G.  Watson. 

It  was  voted  to  change  the  name  of  the  organization  to  the 
"  International  Association  of  Car -Accountants,"  and  it  was 
decided  to  hold  the  next  annual  meeting  in  Montreal,  Can.,  on 
the  third  Tuesday  in  June,  iSSS. 

The  time  of  the  convention  was  taken  up  by  discussions 
(and  reading  of  papers  and  committee  reports),  on  Reporting 
Switched  Cars  on  Interchange  Reports  ;  Uniform  System  of 
Carding  and  Routing  Foreign  Cars  ;  Reporting  Destruction 
of  Cars  to  Owners  ;  Individual  Mileage  of  Cars  ;  Marking 
I    Line  Cars. 

On  the  last-named  subject  it  was  decided  not  to  interfere 
with  the  Master  Car-Builders'  action. 

The  most  important  action  of  the  convention  was  the 
adoption  of  a  report  in  favor  of  abolishing  the  present  rate  of 
3J  cent  per  mile  for  cars,  and  substituting  for  it  a  new  rate  as 
follows:  "4  cent  per  mile  and  15  cents  per  day  ;  four-wheel 
cars  one-half  that  amount,  /'t-r  ^/;Vw  charge  to  commence  on 
the  date  of  delivery,  and  no /^■rfl'/cw  charge  on  cars  received 
and  delivered  the  same  day.  Line  cars  not  subject  to  />er  diem, 
excepting  on  roads  not  on  the  line.  Per  diem  not  allowed  on 
I  cars  belonging  to  private  car  companies.  The  adoption  of  a 
junction  report  to  owners  of  foreign  cars. 

A  committee  was  appointed  to  present  this  action  to  the 
general    managers    and    secure    their  approval.     This   action 
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makes  a  radical   change  in  the  system  of  charges  for  use  of 
freight  cars. 

The  convention  was  largely  attended,  and  much  interest  was 
taken  in  the  discussion. 


American  Institute  of  Electrical  Engineers. 

The  fourth  annual  meeting  of  this  Institute  was  held  in  New 
York,  May  3.  At  the  first  session,  routine  business  was  dis- 
posed of  and  the  following  officers  elected:  President,  T.  C. 
Martin  ;  Vice-Presidents,  N'orvin  Green,  \V.  A.  Anthony, 
Geo.  C.  Maynard,  Frank  L.  Pope,  R.  R.  Hazzard  and  E. 
Thompson  ;  Secretary,  Ralph  \V.  Pope  ;  Treasurer,  Geo.  M. 
Phelps. 

A  second  session  for  discussion  and  reading  of  papers  was 
held  May  4.  It  was  opened  by  an  address  from  President 
Martin.  Papers  were  read  by  Prof.  E.  Thompson,  on  Novel 
Phenomena  of  Alternating  Currents  ,  F..  P.  Roberts,  on  Prac- 
tical Experience  with  Storage  Batteries  ;  J.  H.  Powers,  on  the 
Insulation  of  Arc  Lighting  Plants  ;  Professor  W.  A.  Anthony, 
on  the  Differing  Diametrical  Coefficients  of  Different  Coils  of 
a  Fine  Rheostat,  and  on  the  Change  from  Negative  to  Positive 
of  the  Temporary  Coefficients  of  some  Carbon  Flames  ;  D.  C. 
Jackson,  on  the  I'.cst  Ratio  of  the  Section  of  the  Gramme  Ar- 
mature to  the  Seriion  of  the  Field  Magnets  ;  David  Brooks,  on 
Lead  Encased  Conductors. 

A  resolution  was  adopted  directing  the  Council  to  take  up 
the  subjeci  of  permanent  quarters  and  to  proceed  at  once  to 
solicit  subscriptions. 


Jaltiraore  &  Ohio  Employes'  Relief  Association. 


The  report  of  this  .\ssociation  for  the  year  ending  Septem- 
ber 30  last  shows  that  the  total  receipts  for  the  year  were 
$305,547.  and  the  payments,  §262,059  ;  the  cash  balance  at 
close  of  year  was  >?i84,i57.  The  benefits  paid  to  members 
during  the  year,  and  for  the  byi  years  from  the  foundation  of 
the  Association,  were  ■ 

iS36 .  , 18S0-86 , 

No.  Amount.  No.  Amount. 

Deatli- :                                                         58  $61,000  307  $318,025 

Death                                                    ..103  44.382  621  202,611 

Disal                                                                   2,804  39."6  14,840  193,520 

Disal'                                                                  4.9'>6  73,206  29,342  430.079 

Surgi   .«1  I                                                       .   i.64g  10,990  9,497  63,989 

Total 9,580    $2^5,694      54.607  $  1,208,224 

The  average  payment  for  accidental  death  has  been  $1,036  ; 
for  natural  death ,8326  ;  for  accidental  injury,  .$13;  for  sick- 
ness, $15  ;  surgical  expenses,  S7.  The  report  says  : 
F«4"The  active  membership  on  this  date  is  20,2(37;  showing 
an  increase,  as  compared  with  the  previous  year,  of  4,001.  The 
total  number  of  certificates  of  membership  issued  since  the 
inauguration  of  the  Association  (May  i,  18S0)  is  59,107;  of 
which  8,414  were  issued  during  the  past  year.  This  increase 
is  due  to  the  opening  of  the  Philadelphia  Division,  and  the  in- 
suring of  the  employes  necessary  to  the  operation  of  that 
division  and  to  the  increase  of  force  employed  by  the 
company  on  its  other  divisions. 

"  The  medical  examination  of  all  persons  employed  by  the 
company  h.-is  been  continued,  as  well  as  the  examinations  for 
sight,  hearing  and  color-sense.  The  result  shows  that  13,316 
were  examined  as  to  their  physical  condition  during  the  year, 
of  whom  986,  or  7.44  per  cent.,  were  rejected  as  beingunfitfor 
performing  the  duties  required  of  them.  Of  the  2,783  persons 
examined  for  sight,  hearing  and  color-sense,  171,  or  6.14  per 
cent.,  were  rejected  as  being  deficient  to  such  a  degree  as  to 
render  them  dan.gerous  employes  for  train  or  other  service 
requiring  the  use  or  observation  of  form  or  color-signals. 

"  The  distribution  of  standard  remedies  inaugurated  .some 
years  ago  has  been  continued  with  decidedly  beneficial  results, 
they  having  been  placed  within  the  reach  of  all  employes,  and 
their  value  becoming  more  and  more  appreciated  by  the  good 
results  produced. 

"  The  system  of  sanitary  inspection  has  been  kept  up,  and 
many  improvements  in  directions  affecting  the  health  of  your 
members  have  been  made." 

The  Saving  Fund  and  Building  Feature  reports  that  there 
were,  on  September  30,  last,  936  depositors,  having  a  total 
amount  of  .S3!;6,(j3S  on  deposit.  The  loans  of  the  fund  amount 
to  $227,848.  Most  of  this  is  on  building  loans  to  depositors 
and  other  employes,  and  is  repaid  in  monthly  installments. 
The  savings  fund  assets  amount  to  §379,576,  of' which  the  sum 
•of  SSS,6i7  is  in  cash  and^55. 500  invested. 


International  Congress  of  Geologists. 

At  a  meeting  of  the  American  Committee  held  in  Albany, 
N.  Y.,  in  April,  a  motion  was  adopted  abolishing  the  Com- 
mittee of  the  Whole  and  its  officers,  and  intrusting  the  duty  of 
preparing  reports  on  the  separate  divisions  of  the  geological 
column  to  eight  reporters,  who  were  thereupon  unanimously 
elected.     The  following  was  adopted  by  the  Committee  : 

"Resolved,  That  we  recommend  to  American  geologists  the 
acceptance  of  the  conclusions  of  the  International  Congress  ; 
said  changes  to  be  formulated  at  a  subsequent  meeting  of  the 
Committee  ;  and  it  being  understood  that  the  Committee  will 
present  such  additions  as  are  deemed  necessary  by  American 
geologists  to  the  Congress  of  London  in  iSSS." 

The  reporters  named,  with  the  assignment  to  each,  are  as 
foUow^s : 

Quaternary,  Recent,  Archieology  :  Major  Powell,  Director 
U.  S.  Geological  Survey,  Washington. 

Cainozoic  (Marine) :  Professor  E.  A.  Smith,  State  Geolo- 
gist, Tuscaloosa,  Ala. 

Cainozoic  (Interior) ;  Professor  E.  D.  Cope,  No.  2,102  Pine 
Street,  Philadelphia. 

Mesozoic :  Professor  George  H.  Cook,  State  Geologist, 
Rutger's  College,  New  Brunswick,  X.  J. 

Upper  Palaeozoic,  Carbonic  :  Professor  J.  J.  Stevenson, 
University  of  New  York,  New  York  City. 

Upper  Palaeozoic,  Devonic :  Professor  H.  S.  Williams, 
Cornell  University,  Ithaca,  N.  Y. 

Lower  Pala:ozoic  :  Professor  N.  H.  Winchell,  State  Geolo- 
gist, University  of  Minnesota,  Minneapolis.  Minn. 

Archaean  :  Dr.  Persifor  Frazer,  No.  201  South  Fifth  Street, 
Philadelphia. 

Each  of  these  gentlemen  is  to  obtain,  for  his  own  subject, 
the  completest  possible  information  from  all  sources.  They 
all,  therefore,  unite  In  soliciting  cooperation,  suggestions 
or  advice  from  any  of  their  professional  brethien  having  con- 
victions as  to  classification,  nomenclature,  coloration  or  any 
of  the  numerous  subjects  brought  before  the  last,  or  likely  to 
be  discussed  at  the  next  Congress. 


The  Burlington   Brake  Tests. 

The  second  series  of  tests  of  freight-train  brakes  under  the 
direction  of  the  committee  of  the  Master  Car-Builders'  Asso- 
ciation began  at  Burlington,  la..  May  9.  As  In  the  first  series 
of  tests,  the  Chicago,  Burlington  &  Quincy  Railroad  Company 
gave  the  use  of  its  tracks  and  furnished  a  pilot  to  accom- 
pany each  train,  the  brake  company  being  required  to  furnish  50 
cars  with  a  locomotive  and  crew. 

The  members  of  the  Committee  present  were  G.  W.  Rhodes, 
John  S.  Lentz,  Benjamin  Welsh  and  D.  H.  Neale.  There 
were  also  present  representatives  of  all  the  brake  companies 
and  a  large  number  of  railroad  officers  and  others  interested  in 
the  trials. 

The  brakes  on  the  ground  at  the  opening  of  the  tests  were 
the  Westinghouse,  the  Fames,  the  Carpenter  and  the  Hans- 
com.  The  American  and  the  Card  brake  trains  were  not  quite 
ready. 

The  Carpenter  and  the  Manscom  brakes  were  not  in  the 
former  tests.  The  Westinghouse  brake  train  had  some  im- 
provements over  that  in  use  previously,  and  was  also  provided 
with  a  battery  and  wires  for  setting  the  brakes  simultaneously. 
This  electrical  apparatus  is  covered  by  the  Flad  patents,  now 
owned  by  the  Westinghouse  Company,  and  can  be  used  or  not 
as  desired. 

The  Westinghouse  and  the  Fames  brakes  arc  too  well  known 
to  require  further  description  here.  The  Carpenter  brake  is  a 
straight  air-brake,  electricity  being  used  to  set  the  brakes,  the 
electrical  valve  forming  an  essential  part  of  the  apparatus. 

The  Hanscom  is  also  an  air-brake  ;  on  this  train  no  driver 
brake  Is  used  on  the  locomotive. 

The  Card  electric  and  the  American  made  their  appearance 
late  in    the  tests,  but  not  too  late  to  take  full  part  in  the  tests. 

The  general  programme  laid  down  by  the  Committee,  with 
the  rules  governing  the  tests,  we  have  given  heretofore.  The 
programme  has  been  carried  out  very  much  in  the  order  pre- 
scribed. 

The  most  notable  feature  in  the  tests  has  been  the  use  of 
electricity  for  the  purpose  of  causing  the  brakes  throughout  the 
train  to  be  set  simultaneously,  or  as  nearly  so  as  possible. 


Mitis  Castings.— Mitis  castings  in  wrought-lron  or  steel 
are  now  being  successfully  manufactured  by  Messrs.  Hansell 
&  Co.,  at  their  works  In  SheflScld,  England.  The  demand  has 
been  so  great  than  an  extension  of  the  works  Is  contemplated. 
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PERSONALS. 


Mr.  John  A.  Klunk  is  now  Engineer  of  Water  Works  ;it 
Columbus,  Ohio. 

Mr.  F.  B.  Hibbard  is  now  Superintendent  of  the  Wilming- 
ton  i'^  Northern  Railroad. 

Mr.  L.  S.  Graves  has  been  appointed  Superintendent  of  the 
St.  Louis  &  Chicago  ro,id. 

Mr.  T.  S.  Morehead  has  resigned  his  position  as  Chief 
Engineer  of  the  VVilkcsbarre  &  Western  road. 

Mr.  I.  M.  DeVaronais  engaged  in  preparing  plans  for  the 
additional  water  supply  o(  the  City  of  .'\lbany,  N.  Y. 

Mr.  George  Bowers  has  been  appointed  City  Engineer  of 
Lowell,  Mass.      He  has  been  .Assistant  for  some  time. 

Mr.  A.  Gordon  Jones  has  been  appointed  Superintendent 
of  the  Valley  Division  of  the  Baltimore  &  Ohio  Railroad. 

Mr.  1.  N.  Wilbur  has  been  appointed  Master  Mechanic  of 
the  Hannibal  &  St.  Joseph  Railroad  at  Brookheld,  Missouri. 

Mr.  George  Rice,  of  Philadelphia,  has  been  appointed 
Constructing  Enijineer  of  the  Pittsburgh   Traction   Company. 

Mr.  R.  E.  Evenson  is  appointed  Superintendent  of  the 
Eastern  Division   of  the  New  York  &  New  England  Railroad. 

Mr.  S.  R.  Callaway  has  resigned  his  position  as  Vice- 
President  and  General  Manager  of  the  Union  Pacific  Rail- 
way. 

Mr.  W.  B.  Landreth,  of  Schenectady,  N.  Y..  has  been 
appointed  Engineer  to  the  Sewer  Commission  of  Amsterdam, 
N.  V. 

Mr.  James  F.  Goddard  has  been  appointed  General  Man- 
ager of  t'.e  Atchison,  Topeka  &  Santa  Fe  and  its  controlled 
lines. 

Mr.  Robert  Moore  has  been  appointed  Consulting  Engineer 
of  the  St.  Louis  Bridge  Company,  in  place  of  the  late  C.  Shaler 
Smith. 

Mr.  Horace  G.  Holden  has  resigned  his  position  as  Super- 
intendent of  Water  Works  at  Lowell,  Mass.,  after  eight  years' 
service. 

Mr.  L.  A,  Bowers  has  resigned  his  position  as  Superintend- 
ent of  the  Wilmington   \   Northern    Railroad  after   17  years' 


Mr.  Walter  F.  Randall,  of  Walton,  N.  Y.,  is  Chief  En- 
gineer of  the  projected  Canastota,  Morrisville  &  Southern 
Railroad. 

Mr.  J.  G.  Chamberlain  has  been  appointed  Manager  of  the 
Alabama  &  Tennessee  Coal  &  Iron  Company,  at  Sheffield, 
Alabama. 

Mr.  W.  P.  Savage  has  been  appointed  Superintendent 
of  the  Southwestern  Division  of  the  Central  Railroad  of 
Georgia. 

Mr.  Peyton  Randolph  has  been  appointed  Assistant  Gen- 
eral Manager  of  the  East  Tennessee,  Virginia  &  Georgia  Rail- 
road lines. 

Mr.  John  J.  Whalen  is  appointed  Master  Mechanic  of  the 
Philadelphia  &:  Reading  road,  with  charge  of  the  shops  in 
Reading,  Pa. 

Mr.  J.  H.  Rankin  has  been  appointed  Master  Car 
Builder  of  the  Philadelphia  &  Reading  Railroad  with  office  at 
Reading.  Pa. 

Mr.  W.  B.  Parsons,  Jr.,  has  been  appointed  General 
Manager  and  Chief  Engineer  of  the  Denver  Railroad,  Land  & 
Coal  Company,  with  office  at  Denver,  Colorado. 

Mr.  A.  A.  Jackson  is  General  Superintendent  of  the  New 
York  &  New  England  Railroad,  succeeding  Mr.  William  M. 
Turner,  resigned. 

Mr.  Elliot  Holbrook,  recently  with  the  New  York&  New 
England,  has  been  appointed  Chief  Engineer  of  the  Pittsburgh 
&  Lake  Erie  road. 

Mr.  L.  D.  Ricketts,  late  of  Leadville,  Col.,  has  been  ap- 
pointed Geologist  for  Wyoming  Territory,  and  will  have  his 
office  at  Cheyenne. 

Mr.  C.  P.  Foote  has  been  re-appointed  Commissioner  of 
Public  Works  of  the  City  of  Milwaukee,  Wis.,  for  another 
term  of  three  years. 

Mr.  C.  H.  Hudson  is  appointed  General  Superintendent  of 
the  East  Tennessee,  Virginia  &  Georgia  Railroad,  with  office 
in  Kno.Kville,  Tenn. 

Mr.  S.  Fisher  Morris,  late  Assistant  Engineer  on  the  new 
Croton  Acqueduct,  has  been  appointed  Engineer  in  charge  of 
the  Fourth  Division. 


Mr.  Isaac  V.  Baker,  Jr.,  has  been  finally  confirmed  by  the 
Senate  as  Railroad  Commissioner  of  New  York,  to  succeed 
Mr.  John  O'Donnell. 

Mr.  W.  E.  Rogers,  after  a  long  delay,  has  been  finally 
confirmed  as  Railroad  Commissioner  of  New  York,  thus  be- 
ginning his  second  term. 

Mr.  George  S.  Allen  %  appointed  Master  Mechanic  of  ihe 
Philadelphia  iS:  Reading  Railroad,  with  charge  of  the  shops 
.Northern,  of  Port  Clinton. 

Mr.  Frank  D.  Moore  is  now  Chief  Engineer  of  the  new 
bridge  over  the  Missouri  at  Omaha,  Neb.  He  was  assistant 
to  the  late  C.  Shaler  Smith. 

Mr.  Charles  Pugsley  has  resigned  his  position  as  Chief 
Assistant  F.ngineer  to  the  Croton  Aqueduct  Commission,  New 
York,  on  account  of  ill  health. 

Mr.  E.  A.  Van  Home  has  resigned  his  position  as  General 
Superintendent  of  the  Eastern  Division  of  the  Rome,  Water- 
town  &  Ogdensburg  Railroad. 

Mr.  John  S.  Kennedy,  late  with  the  Pennsylvania  Steel 
Company,  has  been  appointed  Manager  of  the  Pulaski  Iron 
Company's  Works  at  Pulaski,  Va. 

Captain  Charles  C.  Morrison,  U.  S.  A.,  has  been  relieved 
from  duty  at  the  Watertown  .Arsenal  and  ordered  to  duty  with 
the  Ordnance  Board  at  New  York. 

Captain  John  E.  Greer,  U.  S.  A.,  has  been  ordered  to 
New  York  to  duty  as  a  member  of  the  Ordnance  Board  and 
the   board  for  testing  rifled  cannon. 

Mr.  W.  E.  Chamberlain  has  been  appointed  Superintendent 
of  the  Harlem  River  Branch  of  the  New  York,  New  Haven  & 
Hartford  road.     This  is  a  new  office. 

Mr.  A.  J.  Cromwell  is  appointed  Superintendent  of  Motive 
Power  for  all  lines  of  the  Baltimore  0^  Ohio  Railroad  cast  of 
the  Ohio  River,  with  office  in  Baltimore. 

Mr.  A.  G.  Kleinbeck,  heretofore  Superintendent  of  the  St. 
Louis  l\:  Chicago  Railroad,  is  now  engineer  in  charge  of  the 
construction  of  the  extension  of  the  road. 

Mr.  W.  H.  Harrison  has  been  appointed  Superintendent  of 
Motive  Power  of  the  Trans-Ohio  Divisions  of  the  Baltimore  & 
Ohio  Railroad,  with  office  at  Newark,  Ohio. 

Mr.  David  Lee  has  been  appointed  Superintendent  of  Main- 
tenance of  Way  of  the  Trans-Ohio  Divisions  of  the  Baltimore  & 
Ohio  Railroad,  with  office  at  Newark,  Ohio. 

Mr.  A.  Hunter  Johnson  is  appointed  Engineer  of  Mainten- 
ance  of  Way  of  all  lines  of  the  Baltimore  &  Ohio  east  of  the 
Ohio  River.     He  has  his  office  in  Baltimore. 

Mr.  E.  G.  Allen,  late  of  the  New  York  &  New  England,  has 
been  appointed  Superintendent  of  the  Shore  Line  Division  of 
the  New  York,  Vew  Haven  >^  Hartford  road. 

Professor  S.  P.  Langley  has  been  chosen  Secretary  of  the 
Smithsonian  Institute  at  Washington.  He  is  now  connected 
with  the  Western  University  of  Pennsylvania. 

Mr.  Elliott  Holbrook  is  now  Chief  Engineer  of  the  Pitts- 
burgh &  Lake  Erie  Railroad.  He  was  recently  Division  Sup- 
erintendent of  the  New  York  &  New  England. 

Mr.  E.  B.  Thomas,  General  Manager  of  the  Richmond  & 
Danville  Railroad,  has  been  appointed  General  Manager  of  the 
East  Tennessee,  Virginia  &  Georgia  lines  also. 

Mr.  S.  T.  Smith,  for  several  years  past  General  Superin- 
tendent of  the  Union  Pacific,  has  been  appointed  General 
Manager  of  the  Denver  &  Rio  Grande  Railway. 

Mr.  J.  F.  Holloway,  formerly  President  of  the  Cuyahoga 
Steam  Furnace  Company,  of  Cleveland,  O.,  has  accepted  a 
position  with  Henry  R.  Worthington  in  New  York. 

Mr.  John  E.  Gleason  has  been  appointed  Master  Mechanic 
in  charge  of  the  Keyser  and  Piedmont  shops  of  the  Baltimore 
&  Ohio  Railroad,   in  place  of  Samuel  Houston,  deceased. 

Lieutenant  W.  H.  Jaques  has  tendered  his  resignation  to 
the  Secretary  of  the  Navy.  He  will,  it  is  understood,  accept 
an  important  position  with  the  Bethlehem  Iron  Company. 

Mr.  Francis  CoUingwood  has  been  appointed  Chief  En- 
gineer of  the  Chesapeake  Dry  Dock  &  Construction  Company 
at  Newport  News,  Va.  He  will  retain  his  office  in  New 
York. 

Mr.  L,  H,  Clark,  for  10  years  past  Chief  Engineer  of  the 
Lake  Shore  &  .Michigan  Southern,  has  resigned  that  position, 
but  will  retain  a  connection  with  the  road  as  Consulting  En- 
gineer. 

M.  James  C.  Clarke  has  finally  resigned  his  position  as 
President  of  the  Illinois  Central  Company,  on  account  of  con- 
tinued ill  health.  His  successor  is  Mr.  Stuyvesant  Fish,  late 
Vice-President. 
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Mr.  Levi  Heg^e,  late  Supjrintendcnl  of  Road  Department 
of  the  Louisville  &  Nashville,  has  been  appointed  Superin- 
tendL-nt  of  the  Central  Railroad  of  Georgia,  in  place  of  F.  M. 
Fonda,  deceased. 

Mr.  C.  W.  Smith,  heretofore  Vice-President  and  General 
Manager  of  the  .Vtchison,  Topeka  &  Santa  Fe,  is  now  Vice- 
President  only,  the  duties  of  the  two  offices  having  become  too 
heavy  for  one  man. 

Mr.  G.  W.  Gushing,  who  recently  resigned  his  position  as 
Superintendent  of  Motive  Power  of  the  Northern  Pacific,  has 
taken  charge  of  the  mechanical  department  of  the  Philadelphia 
&  Reading  Railroad. 

Coloael  E.  T.  D.  Myers  is  now  General  Superintendent  of  the 
Petersburg  and  the  Richmond  &  Petersburg  railroads,  as  well 
as  of  the  Richmond.  Fredericksburg  &  Potomac  Railroad,  with 
office  at  Richmond,  Va. 

Mr.  James  W.  Hill,  for  nine  years  past  Manager  of  the 
mechanical  and  water  works  department  of  Fairbanks  &  Co., 
St.  Louis,  has  just  resigned  his  position  to  become  Master 
Mechanic  of  the  Peoria  &  Pekin  Railroad. 

Mr.  Harvey  Middleton  has  been  appointed  Superintendent 
of  Machinery  of  the  Louisville  &  Nashville  Railroad  in  place 
of  Mr.  Reuben  Wells,  who  has  gone  to  the  Rogers  Locomotive 
Works.      Mr.  .Middleton  was  Mr.  Wells'  assistant. 

Captain  Charles  W.  Wnipple,  U.  S.  A.,  heretofore  on 
duty  with  the  Ordnance  Hoard  in  New  York,  has  been  ordered 
to  Leavenworth,  Kan.,  where  he  will  relieve  Captain  John  E. 
Greer  as  Chief  Ordnance  O.licer,  Department  of  the  Mis- 
souri. 

Mr.  T.  R.  Hardy  has  been  appointed  Chief  Engineer  of 
the  Lake  Shore  &  Michigan  Sauthern,  in  place  of  Mr.  L.  H- 
Clark.  Mr.  Hardy  was  formerly  Chief  Engineer  of  the  Boston 
&  Albany,  and  went  to  the  Lake  Shore  road  in  June  last  as 
assistant  to  Mr.  Clark. 

Mr.  Bradford  Dunham,  late  General  Manager  of  the  Balti- 
more &  Ohio  Railroad,  has  removed  to  Montgomery,  Ala.  He 
recently  became  Superintendent  of  the  Capital  City  Street  Rail- 
way &  Highland  Park  Company,  of  Montgomery,  but  has 
since  purchased  on  his  own  account  the  Montgomery  Street 
Railroad,  the  consideration  being  .'Jio.ooo. 

Morison  &  Corthell  is  the  title  of  a  new  firm  formed  on  May 
I  to  do  business  as  consulting  and  constructing  engineers  of 
bridges,  railroads,  and  river  and  harbor  works  in  the  United  ' 
States  and  other  countries  ;  to  make  examinations,  reports, 
plans,  specifications  and  estimates  for  bridges,  and  take 
active  charge  of  their  construction  ;  to  direct  the  construction 
of  railroads,  or,  as  experts,  examine  new  routes  or  proposed 
branches  of  existing  railroads  ;  to  examine,  report  upon  and 
take  charge  of  river  and  harbor  improvement  work  for  corpora- 
tions or  governments. 

The  new  firm  will  hive  its  offices  at  No.  35  Wall  Street,  New 
York,  and  205  La  Salle  Street,  Chicago.  The  members — 
Messrs.  George  S.  Morison  and  E.  L.  Corthell — are  widely 
known  as  engineers  of  high  standing. 

Mr.  Corthell  will  retain  his  position  as  Chief  Engineer  of  the 
Atlantic  &  Pacific  Ship  Railway. 
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Elevated  Railroads   in  Cincinnati.  —  The   Cincinnati    &     j 
Sjbarban  Railroad    Company  has   made  application    for   per- 
mission to  build  an  elevated  railroad    from  Fifth    and    Walnut 
Streets  in  Cincinnati,  to  the  city  line.     The  distance  is  9  miles 
and  the  stations  are  to  be  about  half  a  mile  apart. 

Missouri  River  Bridges.— Two  large  bridges  are  now 
under  erection  over  the  Missouri  River,  one  at  Randolph, 
Mo.,  for  the  C*iicago,  Milwaukee  &  St.  Paul  road,  and  one  at 
Sibley  for  the  Chicavo,  Santa  Fe  &  California  road.  Both  of 
these  will  be  high  bridges,  60  ft.  above  low  water  mark.  "^ 
~Tunnel  at  Kansas  City.— The  Inter-State  Railroad  Com- 
pany  is  building  a  tunnel  about  1.500  ft.  long  in  Kansas  City, 
underneath  West  Eighth  Street.  The  tunnel  will  enable  the 
company  to  extend  its  tracks  into  the  business  center  of  the 
city,  and  make  a  nsw  connection  with  the  ininufacturing  dis- 
trict of  the  city. 

Westinghouse  Brakes  on  the  Baltimore  &  Ohio.— The 
Baltimore  &  Ohio  Railroad  Company  has  closed  a  contract 
with  the  Westinghouse  Air  Brake  Company  for  the  equipment 
of  all  its  passenger  rolling  stock  with  the  Westinghouse  auto- 
matic brake.  The  Baltimore  &  Ohio  has  heretofore  used  the 
Loughridge  brake  chiefly. 


New  Lake  Steamer. — The  A'osu/e/l  /'.  A/orc/^r  was  recently 
launched  Irom  the  yard  of  Wolf  &  Davidson,  at  Milwaukee, 
'  Wis.  The  Flower  is  285  ft.  long  over  all,  38  ft.  beam  and  22  ft. 
depth  of  hold,  and  has  a  carrying  capacity  of  2,400  tons.  Ill 
addition  to  her  engines  she  has  considerable  sailing  capacity, 
and  has  four  masts  with  fore-and-aft  rig. 

Pennsylvania  Railroad  Improvements. — The  Pennsyl- 
vania Railroad  Company  will  issue  iJS.ooo.ooo  new  slock  at  par, 
for  the  purpose  of  providing  for  additions  to  property  needed 
during  the  current  year.  The  money  is  to  be  used  as  follows  : 
Third  and  fourth  tracks  and  additional  facilities  for  business, 
$4,000,000 ;  real  estate,  $700,000  ;  new  branch  and  auxiliary 
lines,  $2,000,000;  new  locomotives  and  passenger  equipment, 
$1,300,000. 

New  York  Elevated  Lines. — The  Rapid  Transit  Commis- 
sioners have  approved  the  building  of  lines  along  the  waterfront 
by  the  Manhattan  Company  as  branches  of  the  present  elevated 
system  in  New  York.  On  the  East  River  side  they  approved 
the  line  asked  for,  but  on  the  North  River  side  they  have  al- 
lowed a  much  shorter  line  than  the  company  desired,  turning 
off  from  the  river  at  Duane  Street  and  not  reaching  any  of 
the  uptown  ferries. 

Grade  Crossings  in  Connecticut. — The  Legislature  of 
Connecticut  has  agreed  upon  a  bill  for  the  removal  of 
grade  railway  crossings.  It  requires  250  of  the  more  danger- 
ous to  be  removed  at  the  rate  of  at  least  2  per  cent,  and  not 
over  10  per  cent,  a  year.  The  railroads  must  pay  at  least 
40  per  cent,  of  the  cost,  and  3  per  cent,  additional  for  each 
I  percent,  of  dividend  paid,  so  that  a  road  paying  10  per 
cent,  dividend  would  pay  70  per  cent,  of  the  cost  of  the 
work.     The  State  is  to  (lay  the  rest. 

Ohio  Tinplate. — The  BiilUtin  of  the  .American  Iron  and  Steel 
Association  says  :  "The  first  sheet  of  tinplate  ever  made  in 
Ohio  was  sucessfully  manufactured  at  the  Hubbard  Tinning 
Company's  works,  at  Hubbard,  on  April  10.  It  has  been  er- 
roneously stated  that  this  was  the  first  sheet  of  tinplate  ever 
made  in  the  United  States.  Tinplates  were  made  between  1873 
and  1S78  at  Wellsville,  Ohio,  and  at  Leechburgh  and  Demmler, 
Pennsylvania.  .\t  these  works  the  black  sheets  were  both 
manufactured  and  tinned.  The  Hubbard  enterprise  consists 
simply  in  tinning  imported  black  sheets." 

A  Large  Shearing  Machine. — The  Pusey  &  Jones  Com- 
pany in  Wilmington,  Del.,  is  making  a  shearing  machine  for 
cutting  hot  steel  blooms  for  the  Old  Dominion  Iron  &  Nail 
Works  of  Richmond.  Va.  The  machine  includes,  beside  the 
shear.-,  a  rolling  table  for  carrying  the  blooms  from  the  lifting 
table  to  the  shears.  The  shears  are  thrown  in  and  out  of  gear 
by  a  hydraulic  cylinder.  The  whole  machine  is  driven  by  an 
independent  engine,  with  cylinder  8  in.  diameter  and  12  in. 
stroke.  The  shears  will  cut  blooms  up  to  S  X  S  or  by  5X15 
in.,  and  the  whole  machine  weighs  40  tons. 

Car  Heating.— The  Safety  Car  Heating  &  Lighting  Com- 
pany, of  New  York,  has  been  organized  to  introduce  a  new 
system  of  heating  cars  devised  by  Mr.  F.  M.  Wilder,  who  is 
General  Manager  of  the  Company.  In  this  system  steam  from 
the  locomotive  passes  through  a  drum  under  the  car,  and  this 
drum  is  so  arranged,  that  a  simple  connection  can  be  made 
with  hot  water  or  hot  air  pipes  of  the  heater  systems  now  in  use, 
the  steam  drum  being  simply  substitnted  for  the  old  heater, 
which  can  remain  in  the  car.  The  Company  has  a  flexible 
coupling  of  new'  pattern  for  making  connection  between  the  cars. 

Coating  Iron  with  Lead. — Mr.  Francis  J.  Clamer,  of  the 
Ajax  .Metal  Company  of  Philadelphia,  has  discovered  a  method 
of  depositing  pure  lead  on  iron,  steel  or  other  metallic  sur- 
faces by  which,  it  is  claimed,  a  perfect  union  of  the  metals  can 
be  secured.  A  great  number  of  applications  can  be  suggested 
for  this  process,  as  the  lead  will  protect  the  iron  or  steel  from 
rust,  the  action  of  acids,  etc.  Bridge  rods  and  bolts  can  be 
thus  protected,  wires  can  be  covered,  and  lead-coated  iron 
sheets  can  be  substituted  for  the  lead  sheets  in  the  tanks  used 
for  making  sulphuric  acid  and  for  other  purposes. 

Mr.  Clamer  has  secured  his  discovery  by  patents  in  the 
United  States,  Canada  and  Europe.  The  Ajax  Metal  Com- 
pany will  soon  be  able  to  supply  lead-coated  articles  to  meet 
any  demand. 

New  Use  for  Graphite.— The  Joseph  Dixon  Crucible 
Company,  of  Jersey  City,  has  introduced  a  new  article  called 
graphite  smear-grease,  intended  to  replace  red  lead  in  making 
joints  for  steam  and  gas  fitting.  It  is  made  of  properly  pul- 
verized and  perfectly  pure  graphite,  mixed  with  best  boiled 
oil.  The  graphite  being  a  natural  lubricant  it  is  claimed  that  it 
enables  a  fitter  to  make  a  much  tighter  and  consequently  a  much 
more  perfect  joint.  Further,  that  a  joint  so  made  can  remain 
any  length  of  time  and  will    then  yield  to   the  ordinary    pres. 
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sure  of  the  ton^s.     It  will  make  a  better  joint  with  less  leak- 
age, and  render  absDlutely  unnecessary  the  breaking  of  joints 
and  couplings,  and  the  straining   oi    tongs.     It  is  equally  use-    \ 
fulfor  bolts,  screws,  etc. 

Tunneling  the  East  River.— Last  year  the  New  York 
Legislature  directed  that  certain  olRcers  of  the  New  York  and 
Brooklyn  City  governments  should  investigate  and  report  this 
year  upon  the  practicability  of  a  new  connection  between  the 
cities  by  bridge  or  tunnel  at  or  near  Grand  Street,  New  York. 
The  report  has  been  made,  and  is  to  the  effect  that  either  a 
bridge  over  or  a  tunnel  under  the  Kist  River,  at  the  point 
named,  would  be  practicable,  although  more  room  would  have 
to  be  allowed  for  the  approaches  than  was  specified  in  the 
resolutions  of  the  Lesjislature.  O.i  the  question  whether  the 
building  of  the  connection  was  needed  there  was  a  sharp 
division,  the  Mew  York  officers  all  voting  against,  and  the 
Brooklyn  officials  for  it. 

Electric  Railroad  in  Orange. — The  Orange  Crosstown  & 
Valley  Railroad  Company  is  now  building  a  street  railroad  in  . 
Orange,  N.  J.,  to  be  operated  by  electricity.  About  half  a 
mile  of  the  line  is  completed  and  in  operation.  Overhead 
wires  are  used,  power  being  furnished  by  a  dynamo  driven  by 
a  12  H.  P.  engine  at  the  terminus  of  the  road.  The  Daft 
motor  is  used  on  the  cars.  The  trolley  that  is  used  to  take  the 
current  from  the  wires  is  of  a  special  construction.  Two  wires 
are  used,  one  of  which  is  for  the  return  current.  The  trolley 
has  copper  wheels  that  are  insulate!  from  each  other,  and 
which  run  upon  the  wires,  taking  the  current  from  one,  allow- 
ing it  to  pass  down  throuijh  the  motor  on  the  car  and  thence 
back  through  the  opposite  wheel  and  wire  to  the  dynamo. 

New  Jersey  Iron  Mines. — The  iron  mines  of  New  Jersey 
are  now  more  generally  employed  than  for  some  years  past, 
The  Wallace  Mine,  near  Newfoundland,  has  been-re-opened, 
and  heavy  shipments  are  made  by  Cooper  &  Hewitt  who  are 
working  the  mine.  Cooper  &  Hewitt  also  bought,  recently, 
the  mines  of  the  Manganese  Iron  Ore  Company,  at  Sparta,  in 
Sussex  County.  They  are  also  working  their  mines  at  Green 
Pond  and  Charlotteburg. 

The  Bessemer  Iron  Ore  Company,  a  new  organization,  is 
engaged  in  opening  new  mines  at  Oxford,  in  Warren  County. 
The  old  Belvidere  Mine  in  Warren  County  has  also  been  re- 
opened, the  water  pumped  out  and  the  work  of  raising  ore  be- 
gun. The  owners  of  this  mine  are  building  a  railroad  from  the 
mine  to  the  Lehigh  &  Hudson  River   Railroad. 

Foreign  Patents. — The  United  States  has  formally  ratified 
and  become  a  party  to  the  "  Convention  of  Nations  for  the 
Protection  of  Industrial  Property,"  more  briefly  known  as  the 
International  Industrial  Union.  This  convention  or  treaty 
secures  to  citizens  of  the  United  States  the  privilege  of  obtain- 
ing valid  patents  in  foreign  countries  any  time  within  seven 
months  after  the  patent  has  been  granted  here.  Heretofore 
it  has  been  necessary  to  obtain  a  patent  in  other  countries  on 
or  before  the  day  of  its  issue  in  this,  in  order  to 
secure  any  protection  against  infringement.  The  same  privi- 
lege is,  of  course,  given  by  the  United  States  to  citizens  of 
other  countries  in  the  Union.  The  countries  of  the  Industrial 
Union  are  Belgium,  Brazil,  France,  Great  Britain,  Guatemala, 
Holland,  Norway,  Portugal,  Salvador,  San  Domingo,  Servia, 
Spain,  Sweden,  Switzerland,  Tunis  and  the  United  States. 

Tunneling  Boston  Common. — The  West  End  Land  Com- 
pany has  submitted  to  the  Boston  City  Council  a  plan  for  a 
tunnel  or  tunnels  under  the  Common.  The  main  tunnel  pro- 
posed will  cross  the  Common  from  Park  Square  to  Merrimac 
Street,  and  the  smaller  tunnels  will  run  from  Beacon  Street  to 
Hamilton  Place,  and  from  Park  Square  to  Park  Street 
Church.  The  tunnels  will  be  entirely  covered  and  will  not 
interfere  with  the  surface  of  the  Common,  except  for  a  short 
space  at  the  entrances.  The  section  proposed  is  20  ft.  wide 
and  16  ft.  high,  the  arch  springing  from  a  point  6  ft.  above 
the  floor.  Two  tracks  will  be  laid.  The  object  of  the  tunnels 
is  to  aflford  routes  for  street-car  lines  to  accommodate  the 
Beacon  Hill  and  Back  Bay  districts,  and,  by  furnishing  addi- 
tional tracks,  to  relieve  the  annoying  blockades  now  caused 
bv   the   concentration    of     street-car    lines    on   Tremont    and 


Washington  Streets. 

Chicago,  Burlington  &  Quincy  Improvements. — Here- 
after, as  engines  pass  through  the  shops  of  this  road  for  gen- 
eral repairs,  they  will  be  equipped  with  the  extension  smoke- 
box  front  and  straight  stack. 

The  Pullman  Works  at  Pullman,  111.,  are  building  500  stock 
cars  for  the  road. 

In  view  of  the  constantly  increasing  fruit  traffic,  the  shops 
at  Aurora  have  begun  building  some  cars  to  be  placed  in  this 
special  service,   running  them  in  passenger  trains. 

The  dining-cars  of  the  road  are  being  fitted  with  a  patent 


window-screen  which,  it  is  claimed,  catches  all  dust  and  cinder 
of  every  kind. 

Two  of  the  car-shop's  transfer-pits  at  Aurora  are  to  be 
fitted  with  electric  power  transmission.  The  Yale  &  Towne 
Company,  of  Stamford,  Conn,,  and  the  Edison  Electric  Light 
Company,  of  Chicago,  will  su[>ply  the  apparatus. 

Copper-plated  Steel  Sheets.— The  Bulletin  of  the  Ameri- 
can Iron  &  Steel  AssociMion  says  :  "  We  have  received  a 
piece  of  sheet-steel  from  Mr.  P.  H.  Laufman,  of  Pittsburgh, 
in  a  condition  which  indicates  a  new  use  for  that  metal.  The 
sheet  is  made  of  decarbonized  steel,  and  is  manufactured  at 
the  Apollo  Sheet-Iron  Mills.  After  being  rolled  up  to  the 
proper  thickness  it  is  electroplated  with  copper  on  both  sides 
and  tinned  on  one  side,  and  in  this  condition,  it  is  contended 
by  the  manufacturers,  it  is  a  better  article  for  many  purposes 
than  solid  sheet-copper.  Mr.  P.  H.  Laufman  has  been  ex- 
perimenting in  this  work  for  years,  and  has  protected  his  pro- 
cesses by  patents.  A  company  has  been  formed  to  manufac- 
ture the  article,  called  the  Pittsburgh  Electro-Plating  Com- 
pany, whose  office  is  at  543  Wood  Street,  Pittsburgh.  Mr. 
P.  H.  Laufman  is  Chairman  of  the  company,  and  Mr.  James 
Benney,  Jr.,  Secretary.  The  sheet-steel  will  be  furnished  to 
the  company  by  Mr.  Laufman's  works  at  Apollo." 

Standard  Pipe-Threads. — The  Satiitary  News  says ;  "Much 
has  been  said  in  technical  journals  concerning  the  necessity  for 
the  adoption  of  a  uniform  system  of  pipe-threads  in  the  manu- 
facture of  pipe  and  fittings  by  different  concerns  in  the  coun- 
try, so  that  all  work  would  be  interchangeable.  It  may  be 
worthy  of  remark  that  the  Briggs  standard  of  pipe-threads, 
which  all  manufacturers  have  been  urged  to  adopt,  was  adopted 
in  1862  by  all  the  manufacturers  of  tubes  in  the  United  States. 
At  that  time  Robert  Briggs,  C.  E.,  was  Superintendent  of  the 
Pascal  Ironworks  in  Philadelphia,  and  the  gauge  he  recom- 
mended was  adopted.  The  only  reason  why  complaint  is  now 
heard  is  because  of  the  wear  of  gauges  in  dif=ferent  factories 
and  the  difference  in  personal  equation  in  their  preparation. 
The  manufacturers  have  really  wandered  away  from  their 
standard  adopted  24  years  ago,  and  all  that  is  needed  to  come 
back  to  it  is  the  enforcement  of  a  resolution  to  do  so,  which 
was  passed  at  the  meeting  of  the  tube  makers  at  Pittsburgh 
last  October." 

Railroad  Accidents  in  Great  Britain. — The  Board  of  Trade 
returns  give  the  number  of  persons  killed  and  injured  on  rail- 
roads in  the  United  Kingdom  during  the  year  18S6  as  below  ; 
Passengers;  Killed.      Injured.        Total. 

In  train  accidents 3  615  623 

Other  ways  (falling  from  trains,  etc.)  87  727  814 

Total  passengers 95  1,342  1,437 

Railroad  Employi^s : 

Other  ways  (coupling  cars,  etc) 421  1,029  2,350 

Total  employiJs 425  2,010  2,435 

Other  persons : 

At  highway  crossings 81  25  106 

Trespassers  walking  on  track 285  91  376 

Other  causes 52  71  123 

Total  other  persons 418  187  605 

The  total  casualties  of  all  classes  include  93S  killed  and  3,539 
hurt,  against  957  killed  and  3,467  injured  in  1885. 

A  Natural-Gas  Company. — The  Philadelphia  Company, 
the  largest  natural-gas  company  in  the  United  Stales,  reports 
that  on  March  31  last  its  total  investment  in  plant  was  |8, 245,- 
966,  of  which  .§496,115  represented  cost  of  gas  wells,  $1,106,- 
63o  charter  franchises  and  patents,  and  $1,517, 305,  gas  rights  and 
leases;  the  remaining  .'J5, 125,866  being  the  cost  of  pipe  lines, 
supplies,  fixtures,  etc.  In  addition  to  the  fixed  investment, 
the  company  had  cash  and  other  assetsamountingto  §615.100. 
The  liabilities  included  $1,667,503  bills  and  accounts  payable,- 
$357,412,  undivided  profits,  and,  $6,336,150,  capitalstock.  The 
chief  items  of  the  company's  property  were  3S1  acres  owned  in 
fee  ;  2,285  acres  gas  rights  only  owned  ;  leases  covering  53,612 
acres;  411. 87railes  of  pipe  lines  and  a  number  of  buildings. 
The  company's  receipts  for  the  year  i3S6,  were  $1,500,161  ; 
its  working  expenses,  $355,900  ;  interest  and  taxes,  $186,276, 
a  total  of  $542,176,  leaving  a  net  balance  of  $957,985.  From 
this  12  percent,  dividends  ($621,536)  were  paid,  leaving  an  un- 
divided balance  of  $336,449,equal  to  5>^  per  cent,  on  the  stock. 
Expenditures  for  new  plant  amounted  to  $1,198,657  for  the 
year. 

Large  Steel  Castings. — The  Standard  Steel  Casting  Com- 
pany, whose  works  are  at  Thurlow,  recently  shipped  to 
Messrs.  Cramp  &  Sons,  of  Philadelphia,  a  steel  stem-casting 
weighing  15,000  lbs.  for  a  gunboat  the  latter  firm  are  building 
for  the  United  States  Navy.  There  was  also  shipped  from  the 
,    same  works   a  [steel  stem-casting  weighing   13,000   lbs.     The 
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Standard  Company  has  also  made  (or  the  same  lirm  in  Phila- 
delphia 16  propeller-blades  for  the  United  Stales  cruisers 
Chicago,  Boston  and  Atlanta.  The  diameter  of  the  wheel  for 
the  Chicago  is  15)^  ft.,  that  of  he  wheels  for  the  Hoston  and 
Atlanta,  17  ft.  each.  The  weight  of  each  proijcller-hlade  for 
the  Chicago  is  2,410  lbs.,  and  for  the  Boston  and  Atlanta, 
3.750  lbs.  each.  The  pitch  of  the  wheels  is  21,  24  and  2j>^, 
respectively.  These  blades  were  put  to  the  following  tests  ; 
They  were  bolted  to  a  face-plate  in  a  horizontal  position,  and 
30,000  lbs.  suspended  from  the  tip-ends  of  the  blades.  When 
the  blades  were  relieved  from  the  weight,  they  sprang  back  to 
place,  after  a  deflection  of  only  ^V  in.  The  stem  and  stern 
pieces  described  are  the  first  ones  of  cast-steel  ever  produced 
in  the  United  States,  all  others  having  been  forged. 

The  new  St.  Lawrence  Bridge  at  Quebec. — The  designs 
for  the  proposed  railroad  bridge  across  the  St.  Lawrence,  at 
Quebec,  have  been  prepared  bv  Sir  lames  Brunlees  and  Mr. 
A.  L.  Light,  M.  Inst.  C.  E.,  Go'vernment  Engineer  of  the  Pro- 
vince of  Quebec.  The  St.  Lawrence  at  the  point  selected  is 
only  2,400  ft.  from  shore  to  shore  ;  but,  as  the  great  depth  of 
water  prevents  the  construction  of  piers  in  the  center,  the 
cantilever  principle  has  to  be  adopted  tor  the  superstructure. 
Two  massive  piers  of  granite  masonry  will  be  built  ata  distance 
of  500  ft.  and  240  ft.  from  the  shores  of  the  river  in  a  depth  of 
about  40  ft.  of  water,  and  on  these  the  enormous  cantilever 
ironwork  will  be  erected.  The  piers  will  be  built  sufficiently 
high  to  allow  the  masts  of  the  largest  ocean  steamers  to  pass 
under  the  center  span.  The  dimensions  of  the  bridge  will  be 
as  follows  : — Length  of  center  cantilever  span,  1,442  ft.; 
length  of  northern  shore  span,  4S7  ft. ;  length  of  southern  shore 
span,  4S7  ft.;  total  length  of  bridge  and  approaches,  3,460  ft.; 
height  from  high-water  mark  to  bottom  of  bridge,  150  ft.; 
height  of  piers  above  high  water,  150  ft.;  e.\treme  height  of  top 
of  cantilever  above  high  water,  408  ft.  The  center  span  will  be 
290  ft.  shorter  than  that  of  the  Forth,  which  has  a  span  of 
1.730  ft. 

The  Cyclone  Pulverizer.— A  new  pulverizer  for  grinding 
ores,  rock,  slag,  etc.,  has  recently  been  e.\hibited  in  New 
York.  It  is  called  the  "  cyclone,"  and  its  construction  is 
based  upon  a  principle  long  familiar  to  engineers  ;  it  consists 
of  an  iron  drum,  in  the  interior  of  which  revolve  in  opposite 
directions,  at  a  very  high  rate  of  speed,  two  hard  steel  fan- 
blowers  attached  to  horizontal  shafts. 

The  extremities  of  these  blowers  being  several  inches  apart, 
leave  a  clear  central  space  for  receiving  the  rough  material 
from  a  screw  feed.  The  pulverization  is  effected  by  the  vio- 
lence and  rapidity  with  which  the  particles  are  made  to  con- 
tinuously collide  or  strike  against  each  other,  and  by  the 
action  of  the  air  currents  produced  by  the  revolutions,  and 
regulated  at  will  to  any  degree  or  intensity,  through  openings 
arranged  in  the  drums. 

In  proportion  as  to  the  disintegration  takes  place  from  the 
friction,  the  resulting  powder  is  drawn — in  a  state  of  fineness 
dependent  entirely  upon  the  volume  of  air  admitted  through 
the  deflectors — ^into  a  series  of  adjoining  chambers,  where  it  is 
deposited  according  to  its  specific  gravity  ;  the  heaviest  in  the 
first,  the  lighter  in  the  second,  the  still  lighter  in  the  third, 
and  the  lightest  in  the  fourth. 

Prices  of  Iron  and  Steel.— The  report  o^f  the  American 
Iron  cS;  Steel  Association  gives  an  interesting  table  of  prices 
of  leading  articles  of  iron  and  steel,  monthly,  for  three  years 
past.     From  it  we  take  the  following  table  : 

July, '84.  Jan., '8s.  July.'Ss.  Jan. ,'86.  July,'86.  Jan.,87 
Old  iron  rails  at 

Phila $.8.50      $17.50      $17.25      $2=.oo      $19.00      $25.25 

No.  I  foundry  pig, 

Phila 20.00  18.00  17.75  18.50  18.25  21.50 

Gray  forge  pig, 

Grav  forge  pig, 

Pittsburgh 17.00  16.25  15.00  16.50         1575         ao.50 

Steel  rails  at 

Eastern  Mills...      30.00         27.00         27.25  34.50         34.50         38.50 

Best  bar  (cents  per 
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Pittsburgh. 2.20  2.0s  2.20  2.50  1.90  2.35 

The  prices  given  are  the  average   for  the   month,  and  are 

for  a  ton  of  2,240  lbs.,  except  for  bar-iron  and  nails,  which 

are  quoted  by  the  pound  and  the  keg. 

With   the  advance  in  these  prices,  the  price  of  iron  ore  has 

been  put  up  about  30  per  cent.,  while  coke  has  advanced  over 

80  per  cent. 
The  Bethelehem   Iron  Company.— Preparations  are  well 

advanced  on  the  new  steel  plant  of  this   company,  which  will 

be  one  of  the   best    in    the  world.     There  is   to  be  a  125-ton 

hammer,  which  alone  will  cost  half  a  million  dollars  to  build. 


The  great  hammer  at  Creusot,  in  France,  is  only  100  tons,  and 
until  within  a  short  time  Krupp's  biggest  hammer  was  50  tons. 
In  addition  to  the  great  hammer,  the  Bethlehem  Works  will 
have  two  of  the  largest  hydraulic  presses  in  the  world  for 
bending  steel  plates  and  forgings,  and  also  a  full  set  of 
mschinery  manufactured  by  Whitworth  for  the  compiession 
of  steel  in  a  tiuid  state.  One  building,  Oooft.  in  length,  to  be 
made  of  steel  and  brick,  is  nearly  completed,  and  other  huge 
structures  are  on  the  way.  The  managers  of  the  Bethlehem 
Company  do  not  intend  to  depend  upon  the  Government  for 
maintenance.  They  believe  that,  as  soon  as  their  new  works 
are  in  operation,  they  will  have  large  commercial  orders  for 
steel  shafting  and  heavy  steel  work  which  will  keep  them 
busy.  Several  millions  of  dollars  are  to  be  invested  in  the  new 
work,  and  a  combination  has  been  effected  with  Schneider  & 
Co.,  of  Creusot,  in  France,  by  which  the  Bethelehem  Com- 
pany will  have  the  advantage  of  the  latest  machinery  and  the 
skilled  labor  of  the  great  French  company  in  beginning  the 
manufacture  of  war  material  on  the  largest  scale  in  this  coun- 
try. 

New  Blast  Furnaces  and  Steel  Works. — The  annual  re- 
port of  the  American  Iron  &  Steel  Association  gives  the  fol- 
lowing lists  of  blast  furnaces  and  steel  plants  completed  since 
January  I,  iSS6,  and  under  contract  and  building  on  March. 
I,  1887: 
Blast  Furn.ices:  Completed.      Building. 

.Anthracite .  3 

Bituminous  and   Coke 3  3^ 

Total 7  39 

Steel  Plants : 

Bessemer 7  9 

Clapp-Griffiths 6  2 

Open-hearth 9  6 

Total 22  17 

These  tables  do  not  include  new  furnaces  built  to  replace  old 
ones,  or  projected  plants  not  actually  under  contract.  The 
number  of  furnaces  given  is  the  number  of  stacks. 

Of  the  blast  furnaces  building,  no  less  than  20  are  in  Ala- 
bama ;  5  are  in  Pennsylvania  ;  4  in  Ohio  ;  3  in  New  York  ;  3, 
in  Tennessee  ;  2  in  Virginia;  i  in  Kentucky  and  i  in  Wiscon- 
sin. 

Of  the  new  steel  plants  under  contract,  8  are  in  Pennsyl- 
uania  ;  3  in  Illinois  ;  2  in  Indiana  ;  i  each  in  Massachusetts, 
Virginia,  Tennessee  and  Ohio. 

There  are  a  number  of  new  furnaces  projected,  chiefly  in 
Alabama,  which  have  not  yet  reached  the  contract  point. 

Profit  Sharing  on  a  Railroad. —A  plan  presented  by 
President  |.  M.  Ashley  has  been  approved  by  the  stockholders 
of  the  Toledo,  Ann  Arbor  &  North  Michigan  Railroad  Com- 
pany, and  is  to  be  tried  on  that  road.  Its  object  is  to  make 
the  employes  of  the  company  sharers  in  its  profits.  All 
officials  and  employes,  except  the  President,  arc  to  b.ecome 
beneficiaries  of  the  plan  after  they  have  been  in  the  employ  of 
the  road  five  years.  In  any  year  in  which  a  dividend  is  de- 
clared each  beneficiary  is  to  receive,  in  addition  to  his  salary, 
a  dividend  on  the  amount  of  that  salary,  the  same  as  if  he 
were  the  owner  of  that  much  stock.  If  any  employe  or  officer 
is  disabled  while  on  duty,  so  as  to  be  unable  to  resume  his 
place  for  six  months  or  more,  he  is  to  receive  a  certificate  of 
paid-up  stock  equal  in  amount  to  the  tt>tal  sum  of  his  wages 
for  the  year  preceding  his  disability^.  In  case  of  a  loss  of  life 
in  active  duty,  his  wife  or  legal  representative  is  to  receive  a 
similar  certificate  equivalent  to  five  times  his  last  year's  wages. 
Every  officer  or  employ^  who  shall  voluntarily  retire  from  the 
company's  service  after  20  years'  continuous  employment, 
will  receive  a  certificate  of  paid-up  stock  equal  to  the  total 
wages  of  the  last  year  of  his  service.  This  plan  of  allotment 
was  adopted  in  the  confident  belief  that  it  will  largely  increase 
the  net  earnings  of  the  company  and  promote  zeal,  economy 
and  general  efficiency  ;  that  it  will  also  prove  itself  to  be  a 
valuable  educator,  and  teach  the  necessity  of  sobriety  and 
fidelity. 

Reporting  Accidents  in  Ohio. — The  Railroad  Commis- 
sioner of  Ohio  has  issued  the  following  circular  : 

"This  office  is  in  receipt  of  a  large  number  of  letters  re- 
questing interpretations  of  section  257  of  the  Revised  Statutes 
of  Ohio,  to  which  attention  was  called  by. circular  letter  of 
April  12. 

"  In  reply  to  all  such  I  desire  to  say  that  the  intention  of  all 
law  is  to  be  operative,  and  that  superintendents  of  railroads  or 
other  officers  in  charge  must  promptly  notify,  by  telegraph,  the 
Commissioner  of  all  accidents  happening  on  such  railroad  or 
the  part  of  a  railroad  in  this  State  resulting  in  the  loss  of  life 
to  any  person  or  persons.  '  All  accidents '  is  a  term  so  broad 
that   it  must   be   held  to   cover  all  accidents  occurring  upon 
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railroad  property,  whereby  human  lives  are  lost,  irrespective 
of  their  respective  causes,  and  also  includes  all  accidents  to 
persons  ftmployed  by  the  railroad  1  ompany. 

"Hereafter  reports  must  be  made  at  once  by  telegraph,  giv- 
ing if  possible  the  name  and  the  residence  of  the  persons 
killed.  Weekly  reports  by  mail  will  not  suffice.  Where  it  is 
found  that  telegraph  reports  first  made  did  not  contain  the 
correct  name  or  residence  of  the  killed,  subsequent  reports  of 
all  information  in  possession  of  superintendents  or  managers 
must  be  forwarded  by  mail  as  early  as  possible. 

"The  State  furnishes  no  blanks  on  which  to  make  reports, 
but  the  information  contemplated  should  give  the  name,  place 
of  residence,  name  of  conductor,  number  of  train  and  cause 
of  accident,  and  also  state  if   the  person  was  an   employfe  or 

Lookout  Mountain  Inclined  Railroad. — The  inclined 
railroad  up  Lookout  Mountain,  near  Chattanooga,  Tenn.,  is 
now  in  full  operation.  The  incline  is  4,300  ft.  long,  rising  in 
that  distance  about  1,200  ft.  The  grade  varies  from  i  in  3 
to  r  in  6,  the  average  being  i  in  3'^.  The  track  is  narrow 
gauge,  and  consists  of  25-pounil  steel  rails  laid  on  cedar  ties 
and  secured  by  heavy  lag-screws,  and  is  well  ballasted  with 
stone.  There  are  two  heavy  curves  in  the  line,  but  2,500  ft. 
being  straight.  There  are  three  rails  in  the  track,  thus  mak- 
ing a  double-track  road.  At  the  place  where  the  up  and  down 
cars  pass,  a  fourth  rail  becomes  necessary,  so  as  to  make  two 
independent  tracks,  on  which  the  cars  move  alternately  up  and 
down.  The  passing  points  are  operated,  however,  without 
movable  switches. 

The  propulsion  is  by  cable  operated  from  the  foot  of  the  in- 
cline. The  cable  is  of  special  steel,  is  i  in.  in  diameter,  with  an 
estimated  breaking  strength  of  50  tons,  and  a  maximum  strain 
of  5  tons.     The  speed  of  ascent  is  about  seven  miles  per  hour. 

The  cars  are  fitted  with  a  shoe-brake,  designed  by  Major 
King,  operating  on  the  principle  so  much  used  in  mountain- 
ous regions  for  braking  wagons.  The  brakes  are  always  "on," 
unless  held  "  off  "  by  the  conductor.  There  is  also  a  sys- 
tem   of  electric  signaling. 

At  the  top  of  the  incline  a  narrow-gauge  line,  i}^  miles 
long,  operated  by  a  tank  locomotive  weighing  11  tons,  takes 
the  visitors  to  Sunset  Rock  in  nine  minutes.  The  total 
cost  of  the  line  was  about  $150,000. 

The  inclined  plane  and  the  railroad  on  the  summit  were 
built  by  a  company  which  owns  the  land  on  the  mountain  and 
has  laid  out  an  extensive  park  there. 

Brooklyn  Bridge  Improvements. — The  Brooklyn  Bridge 
Trustees  have  adopted  a  plan  for  the  bridge  terminus  in  New 
York  that  was  submitted  to  them  by  Trustees  Clarke  and 
McDonald,  which  plan  was  prepared  by  Charles  E,  Emery, 
C,  E,,  of  New  York. 

The  plan  provides  that  the  promenade  shall  be  continued 
from  the  stairway  at  the  New  York  anchorage  by  an  iron 
trestle  about  15  ft.  above  the  level  of  the  cable  road,  through 
the  center  of  the  bridge-house,  to  a  platform  from  which  the 
street  can  be  reached  by  a  double  staircase.  The  promenade 
entrance  will  be  about  36  ft,  above  the  street,  and  about  level 
with  the  top  of  the  elevated  railroad  station.  The  present 
entrance  to  the  promenade  will  have  a  broad  stairway  leading 
to  a  platform  between  the  tracks,  19  ft.  wide  and  about  350  ft. 
long,  for  the  use  of  outgoing  passengers.  The  parallel  of  the 
tracks  inside  the  bridge-house  will  be  continued  only  to  the 
eastern  side  of  Park  Row.  and  the  tracks  across  the  street  are 
to  be  removed  to  supply  platform  and  stairway  room. 

The  plan  contemplates  doing  away  with  switch-engines  en- 
tirely by  putting  in  duplicate  tracks  and  duplicate  cables,  one 
set  of  which  will  turn  off  from  the  north  to  the  south  track 
about  600  ft,  east  of  the  end  of  the  road.  Every  alternate 
train  will  be  run  upon  this  track,  and  discharge  its  passengers 
upon  the  outside  platform  on  the  south  side  of  the  station. 
Trains  on  the  other  track  are  to  run  directly  into  the  station 
as  at  present,  and  discharge  their  passengers  upon  the  outside 
platform  on  the  north  side  ;  both  trains  loading  from  the  cen- 
ter platform,  that  on  the  south  track  will  proceed  directly 
across  the  bridge,  while  the  other  will  cross  to  the  south  side 
by  its  own  cable  east  of  the  station.  By  this  scherre  only  one 
set  of  switches  will  be  reauired. 

An  American  "Bore-Hole." — A  correspondent  of  T/ie 
(London)  Engineer  seems  to  take  it  very  seriously  that  the 
Newcastle  Chemical  Company,  whose  works  are  at  Gates- 
head, has  determined  to  put  down  a  bore-hole  for  water  by 
what  is  called  the  American  process. 

He  says:  "It  is  somewhat  strange  that  in  South  Durham 
and  North  Yorkshire,  where  so  many  bore-holes  have  been 
made  to  obtain  access  to  the  great  salt  deposits,  that  we 
should  be  dependent  on  our  transatUntic  cousins  for  the 
best  method    of  developing  our  own  resources.     It  appears, 


however,  that  the  large  amount  of  attention  given  to  boring, 
and  the  experience  gained  in  the  States  in  seeking  for  petro- 
leum oil,  has  enabled  the  Americans  to  know  how  to  operate 
more  quickly  and  cheaply  than  we  do  on  this  side  of  the 
Atlantic.  One  is  immediately  struck,  when  inspecting  a  sink- 
ing on  their  system,  with  the  extreme  simplicity  of  the  ap- 
paratus they  use.  The  engine  is  a  good  one,  though  small, 
having  usually  only  a  12-in.  cylinder,  and  it  is  afterward  re- 
tained for  working  the  brine-pump.  The  boring-rod,  which  is 
some  50  ft.  or  60  ft.  long,  in  jointed  sections,  is  also  well 
made.  All  the  rest  of  the  machinery  is  as  cheap  and  crude  as 
it  is  possible  to  imagine,  but  it  works  well  enough,  and  to 
make  it  more  expensively  would  be  quite  unnecessary.  There 
is  only  one  man  and  one  lad  employed  on  each  shift.  These 
do  the  whole  of  the  work.  One  shift  starts  at  noon  and  the 
other  at  midnight.  Boring  by  the  diamond-drill  does  not 
seem  to  be  able  to  compete  at  all  with  the  American 
system,  either  as  regards  rapidity  or  cheapness.  One 
of  the  chief  characteristics  of  the  latter  is  that,  when 
the  hole  is  complete,  and  the  salt  is  reached,  almost  all 
the  appliances  are  retained  in  their  original  position,  as,  in 
case  of  a  breakage  of  the  pumping-tube,  they  may  be  required 
again  at  anytime.  There  seems  little  doubt  but  that  since 
boring  can  be  done  so  cheaply  and  so  expeditiously,  it  may  be 
usefully  employed  for  many  other  purposes  connected  with 
mining  and  other  branches  of  engineering." 

The  Basic  Steel  Patents.— The  Bulletin  of  the  American 
Iron  and  Steel  Association  says:  "The  opinion  appears  to 
prevail  in  some  sections  of  the  country  that  the  production  of 
basic  steel  in  the  United  States  has  been  prevented  by  the 
selfishness  of  the  Bessemtr  Steel  Company,  Limited,  which 
owns  the  English  patents  and  has  supposed  that  it  also  owned 
Mr.  Reese's  patents.  It  is  true  tl.at,  immediately  after  the 
Bessemer  Steel  Company,  Limited,  acquired  the  ownership  of 
the  English  patents,  it  declined  to  grant  licenses  to  use  them, 
and  for  a  variety  of  reasons  not  now  necessary  to  inquire  into 
or  to  justify.  It  is  true,  also,  that,  when  the  controversy  with 
Mr.  Reese  commenced  several  years  ago,  no  persons  wanted  to 
take  licenses  from  the  company  unless  they  were  guaranteed 
against  an  infringement  lawsuit  from  the  other  side,  which  guar- 
antee could  not  be  given.  It  has  thus  happened  that,  down  to 
this  day  the  BessemerSteel  Company,  Limited,  hasnot  granted 
a  single  license,  although  for  several  years  it  has  been  ready 
and  willing  to  grant  licenses  to  all  persons  who  would  agree 
to  pay  a  royalty  of  $1.00  per  ton  for  every  ton  of  melted  metal 
whicti  should  be  converted  into  steel  by  the  basic  process.  It 
has  not  advertised  this  fact  because  of  the  legal  difficulties 
with  Mr.  Reese,  which,  as  we  have  said,  prevented  it  from 
guaranteeing  possible  licences  against  legal  proceedings  in 
Mr.  Reesees  behalf.  But  to  various  applicants  it  has  explained 
the  situation  exactly  as  we  have  done  above.  The  company  is 
now  willing  to  grant  licenses  upon  the  terms  mentioned.  It 
would  be  glad  to  get  back  in  the  shape  of  loyalties  a  part  of  the 
$300,000  it  has  paid  for  the  English  patents  and  paid  to  Mr. 
Reese,  or  agreed  to  pay  to  him. 

"  It  will  be  seen  that  the  real  difficulty  in  the  granting  and 
accepting  of  licenses  to  use  the  basic  process  in  this  country 
has  been  an  extended  legal  and  troublesome  controversy  with 
Mr.  Reese,  against  whom  the  Bessemer  Steel  Company,  Limi- 
ted, brought  suit  many  years  ago  to  compel  the  performance  of 
the  contract  which  it  alleged  it  had  made  with  him.  This  con- 
troversy is  now  in  a  fair  way  of  being  speedily  ended.  It  is  a 
curious  fact  that  the  original  or  acid  Bessemer  process  was 
also  several  years  getting  a  start  in  this  country,  owing  to  a 
vigorous  controversy  between  two  sets  of  gentlemen,  each  of 
which  claimed  to  own  the  only  patents  under  which  Bessemer 
steel  could  be  made." 

Hydraulic  Testing  Machines.— The  Yale  &  Towne  Man- 
ufacturing Company,  in  1882,  acquired  control  of  all  the  in- 
ventions and  patents  of  A.  H.  Emery,  C,  E,,  relating  to 
scales,  gauges  and  testing-machines. 

These  machines  were  then  already  in  high  repute,  by  reason 
of  the  celebrity  acquired  by  the  400  ton  testing-machine  de- 
signed and  biiilt  by  Mr.  Emery  f<ir  the  Government,  and 
located  in  the  United  States  Arsenal  at  Watertown,  Mass. 
The  reputation  thus  established  has  been  strengthened  and 
enlarged  by  the  experience  acquired  with  other  testing- 
machines  on  the  Emery  svstem. 

Engineers  acquainted  with  the  principles  of  construction  of 
the  Emerv  testing-machines  know  that  the  building  of  these 
machines' involves  facilities  for  working  pieces  of  large  size 
and  weight,  and  necessitates  also  the  ability  to  manipulate 
these  with  a  degree  of  precision  and  mechanical  skill  resem- 
bling in  fineness  that  required  in  watch-making  and  rarely 
needed  or  attempted  in  connection  with  heavy  work.  Upon 
undertaking   the     building    of    these    machines,    the    Yale  & 
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Towne  Company  provided  a  suitable  plant  for  the  purpose, 
and  have  built  some  lo  machines,  of  Capacities  ranging  from 
60,000  up  to  300,000  lbs.  The  plant  and  organization  required 
for  this  work,  however,  is  entirely  special  in  this  case,  and 
does  not  harmonize  with  any  of  the  several  ami  varied  classes 
of  products  which  are  manufactured  in  the  works. 

While  the  mechanical  results  of  the  business  under  this 
company's  management  have  been  excellent,  the  commercial 
results  have,  for  the  reason  just  stated,  been  less  satisfactory. 
To  remedy  this,  and  at  the  same  time  provide  for  the  proper 
continuance  of  the  business,  the  company  has  concluded  an 
agreement  with  Messrs.  William  Sellers  &  Company,  Incor- 
porated, of  Philadelphia,  under  which  that  concern  receives 
an  exclusive  license  in  the  United  States  for  the  building  of 
testing-machines  on  the  Emery  system,  and  have  arranged  to 
transfer  also  the  drawings,  patterns,  special  tools,  etc.,  pro- 
vided in  this  business. 

The  Yale  \'  Towne  Company  retains  several  finished 
testing-machines,  of  75  and  150  tons  capacity,  which  are  for 
sale.  All  other  business  in  relation  to  testing-machines 
should  be  transacted  with  William  Sellers  &  Company. 

Natural  Gas  in  the  West.— The  Cleveland  Iron  Trade 
Review  says:  "Whatever  the  skepticism  of  the  past,  there 
can  be  no  longer  any  doubt  that  the  district  comprising 
Western  Pennsylvania.  Ohio,  Indiana  and  adjacent  territory 
is  now  the  producer  of  the  cheapest  and  most  abundant  fuel 
on  the  face  of  the  globe.  Nothing  need  be  said  of  the  mag- 
nitude of  the  natural-gas  interest  of  Western  Pennsylvania  ; 
the  fact  that  the  connections  made  last  year  in  Pittsburgh  by 
the  Philadelphia  Company  alone  aggregated  12,400,  against 
7,ix)o  the  previous  year,  shows  to  what  proportions  the  use  of 
the  new  fuel  has  grown. 

"We  have  not  at  hand  sufficient  data  to  show  the  total 
daily  production  of  gas-wells  now  flowing  in  the  district  above 
defined,  but  recent  conservative  estimates  place  the  flow  in 
the  Northwestern  Ohio  District  at  not  far  from  100,000,000 
cubic  feet  per  day. 

"  Not  less  surprising  has  been  the  rapid  development  of 
natural-gas  terriiory  in  Indiana  during  the  past  60  or  go  days. 
While  it  cannot  be  admitted  that  the  strike  at  Fairmount,  Ind., 
heralded  the  past  week  as  the  '  largest  gas-well  in  the  world  ' 
is  so,  nevertheless  its  estimated  flow  of  12,000,000  cubic  feet 
per  day  places  it  well  up  alongside  the  great  Karg  well  of 
Ohio,  and  certainly  beyond  anything  that  Pennsylvania  has 
yet  produced.  Other  points  in  Indiana  that  have  been  proven 
to  be  within  the  high-pressure  gas  belt  are  Kokomo,  Muncie, 
Marion,  Noblesville,  Mexico,  Anderson  and  Indianapolis. 
What  the  next  60  days  will  bring  forth  is  hard  to  conjecture. 

"  A  curious  thing  in  regard  to  the  advent  of  the  new  fuel  is 
the  fact  that,  while  it  has  displaced  thousands  of  tons  of  coal 
in  the  districts  directly  within  the  gas  belt,  thefigures  of  pro- 
duction show  that,  instead  of  being  materially  reduced  thereby, 
the  output  of  coal  in  Western  Pennsylvania  and  Ohio  last 
year  was  very  largely  increased.  During  the  first  nine 
months  of  1SS6,  there  was  an  increased  coal  output  in  the 
Pittsburgh  District  of  nearly  140,000  tons  as  compared  with 
the  same  period  in  1886,  while  the  Ohio  output  in  18S6  was 
500,000  tons  in  excess  of  1SS5,  aggregating  9,500,000  tons. 
This  clearly  shows  that  new  markets  have  been  found  for  the 
coal  product  more  than  sufficient  to  make  up  for  the  loss  sus- 
tained to  coal  producers  by  the  use  of  natural  gas.  Not  only 
this,  but  the  competition  of  the  new  fuel  has  resulted  in 
greater  economy  in  the  use  of  coal  ;  so  that,  even  should  the 
supply  of  gas  be  diminished,  or  fail,  the  cheaper  use  of  coal 
is   assured  for  all  time  to  come." 

Electric  Lighting  of  Cars.— For  nearly  two  months  the 
Connecticut  River  Railroad  has  been  running  a  train  brilliant- 
ly illuminated  by  electricity  supplied  by  a  dynamo  which  is  run 
by  the  car  wheels.  The  tram  consists  of  two  passenger 
coaches  and  a  combination  baggage  and  smoking  car.  The 
dynamo  occupies  a  closet  built  on  one  side  of  the  baggage 
section  of  the  car  next  the  entrance  to  the  smoking  apartment. 
There  16  incandescent  lamps  of  l6-candle  power  to  a  car, 
arranged  on  each  side,  and  differ  from  those  on  the  Boston  & 
Albany  train  in  the  construction  of  the  film,  which  is  of  car- 
bonized silk,  instead  of  bamboo  liber.  Attached  to  the  journal 
at  one  end  of  the  car  is  a  12-in.  section  pulley,  over  which  an 
iron  cable  revolves,  running  a  counter  shaft,  on  a  slight  ele- 
vation above,  30  ft.  away,  by  a  i6-in.  pulley.  The  cable  is  65 
ft.  long,  ",2  in.  in  thickness,  and  made  up  of  132  wire  strands. 
Iron  rollers  suspended  from  the  car  draw  up  the  lower  and 
press  down  on  the  upper  halves  of  the  cable,  guiding  it  and 
keeping  it  taut.  The  cable  runs  directly  in  the  center  of  the 
car,  while  the  belt  to  the  dynamo  above  is  attached  to  a  36-in. 
pulley  near  the  outside.  This  pulley  surrounds  a  12-in.  fric- 
tion wheel,   two    shoes    grasping    it   firmly   by  "means  of  two 


double  springs.  Here  an  ingenious  device  regulates  the  speed. 
As  soon  as  the  speed  comes  up,  block  governors  near  the  cir- 
cumference of  the  swiftly  moving  wheel  fly  apart,  and  with  a 
lever  and  cam  movement  the  shoes  are  released  from  the 
friction  wheel,  reducing  the  speed  of  the  36-in.  wheel  surround- 
ing to  the  required  amount.  Thedynamois  of  5  H.  P.  and 
50-light  capacity.  From  the  supply  wires  leading  to  the  lamps, 
special  wires  are  stretched  off  to  the  storage  battery  on  the 
opposite  side  and  balancing  the  car.  This  battery  is  of  the 
Julien  system,  has  24  cells  and  a  storage  capacity  of  45  volts, 
being  able  to  light  one  l6-candle  power  incandescent  lamp  160 
ampere  hours.  When  fully  charged,  it  is  expected  to  light  3 
cars  at  least  2  hours.  Indicators  on  the  storage  boxes  and  at 
the  dynamo  record  the  voltage  of  each.  When  the  train  is 
running  'at  full  speed  an  excess  of  electricity  is  constantly 
running  to  the  storage  cells,  to  be  ready  for  service  when 
the  station  is  reached  and  the  wheels  stop  running.  The  experi- 
ment of  utilizing  the  car  wheels  for  running  a  dynamois  being 
conducted  by  Mr.  S.  H.  Barrett,  electrician,  and  as  an  economi- 
cal and  practical  method  of  lighting  cars  by  electricity,  he  is 
very  hopeful  for  the  future  of  his  machine.  The  entire  outfit 
for  fitting  up  three  cars  will  cost  but  :fi6oo,  and  the  only  ex- 
pense will  be  in  the  wear  and  to  replace  the  incandescent 
lamps.  For  lighting  three  cars  the  machinery  and  plant  only 
weighs  about  1,000  pounds,  and  if  the  battery  is  doubled  for 
5  cars  it  would  weigh  less  than  a  ton,  while  on  the  Boston  & 
Albany  Railroad  the  storage  batteries  for  each  car  weigh  a 
ton. — Boston  Herald. 

The  New  Naval  Vessels. — The  good  work  of  rehabilita- 
ing  the  Navy  is  slowly  progressing.  The  first  frame  of  the 
Baltimore  was  raised  May  20,  and  the  Messrs.  Cramp  report 
the  arrival  of  plenty  of  material  to  carry  on  the  work  without 
interruption  on  both  that  vessel  and  Gunboat  No.  i.  The 
first  carload  of  material  for  the  Charleston  arrived  at  San 
Francisco  last  week,  and  her  contractors  expect  to  go  on  with 
the  work  of  construction  without  delay.  The  Columbia  Iron 
Works  of  Baltimore,  are  making  good  headway  in  getting  out 
the  material  for  Gunboat  No.  2,  and  will  be  able  to  begin 
work  of  construction  very  soon. 

At  the  Navy  Department  Mr.  Whitney  is  stirring  things  up 
to  get  the  plans,  specifications,  blank  forms  of  proposals  and 
contracts  ready  for  the  bidders  on  the  Xewark,  two  ig-knot 
cruisers  and  two  1,700  ton  gunboats.  The  bids  for  the  con- 
struction of  these  vessels  are  not  to  be  opened  until  August  T, 
but  according  to  the  Department's  circular  the  plans,  etc.,  were 
to  be  ready  for  the  inspection  of  bidders  by  June  i.  It  is  a 
little  doubtful  whether  this  promise  can  be  kept,  but  the  work 
is  being  pushed  with  all  possible  speed.  Chief  Constructor 
Wilson  is  working  with  an  extra  force  of  draftsmen  upon  the 
plans  for  the  hulls,  and  with  the  valuable  assistance  of  Naval 
Constructor  Hichborn  is  making  good  headway  with  the  de- 
tailed specifications.  Colonel  Remey's  office,  in  addition  to 
its  other  multifarious  duties,  is  preparing  the  blank  form  of 
proposal  and  contracts.  The  plants  for  the  machinery  of 
these  vessels  are  being  prepared  under  the  direction  of  Chief 
Engineer  Melville  at  Cramp's  Works  in  Philadelphia.  Several 
assistants  and  draftsmen  have  been  placed  at  his  service  and 
he  has  been  directed  to  employ  all  the  additional  force  neces- 
sary to  give  the  plans  out  by  June  i.  As  he  only  received  the 
instructions  last  week  some  lively  work  will  have  to  be  done 
during  the  next  ten  days  if  the  Secretary's  wish  is  to  be  com- 
plied with.  The  plans  of  the  gunboats, 'however,  will  be  sim- 
ply copies  of  those  upon  which  the  machinery  of  (junboat  No. 
I  is  being  built,  and  the  plans  for  the  ig-kno't  cruisers  will  be, 
practically,  duplicates  of  the  Baltimore's  machinery.  The 
plans  of  the  hulls  of  the  two  gunboats  by  Chief  Constructor 
Wilson  are  also  copies  of  Gunboat  No.  i,  now  building. 

The  hulls  of  the  19-knot  cruisers  will  be  similar  in  design  to 
the  Xe-i'ark.  The  plans  and  specifications  for  the  hull  and 
machinery  of  the  latter  vessel  have  been  practically  completed 
by  the  Bureau  of  Construction  and  Repair  and  the  Bureau  of 
Steam  F.ngineering.  The  latter  bureau  is  now  engaged  upon 
the  plans  for  the  machinery  of  the  6,000-ton    armored   vessels. 

The  Board,  Captain  Ramsay,  President,  appointed  toexamine 
plans  for  these  vessels  have  agreed  upon  a  report  and  await 
notice  from  the  Secretary  of  the  Navy  to  present  it.  What 
they  have  agreed  upon  cannot  be  definitely  learned,  but  it  is 
rumored  around  the  Navy  Department  that  they  failed  to 
agree  and  that  the  Secretary  has  declined  to  receive  the  report 
until  he  can  submit  certain  advice  which  may  force  them  to 
arrive  at  a  satisfactory  conclusion.  It  is  well  known  that  there 
was  considerable  diversity  of  opinion  among  members  of  the 
Board  before  they  convened  the  last  time,  and  now  that  there 
is  so  much  mystery  connected  with  their  report,  there  would 
seem  to  be  good  reason  for  suspecting  thai  an  unanimous  con- 
clusion was  not  reached. — Army  and  Nary  /onnial. 
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A  SMALL  vessel  which  shall  be  capable  of  high  speed 
and  which  shall,  at  the  same  time,  be  seaworthy  and  able 
to  carry  a  heavy  load  for  her  size,  is  not  an  easy  problem 
for  a  shipbuilder  to  solve.  These  were  the  conditions 
required  in  the  fleet  of  torpedo  boats  which  have  recently 
been  built  for  the  English  Government  at  private  ship- 
yards. At  first  these  boats  seemed  to  be  successful,  and 
some  of  them  developed  extraordinary  speed  in  smooth 
water.  A  trial  at  sea,  however,  has  resulted  less  favor- 
ably, and  in  a  run  of  50  miles,  made  as  nearly  as  possible 
under  conditions  which  would  appear  in  active  service, 
one-third — 8  out  of  24 — of  the  boats  broke  down,  several 
of  them  completely  and  disastrously;  two  of  the  failures 
causing  loss  of  life. 

This  is  hardly  a  creditable  record  for  the  builders,  and 
perhaps  for  those  in  charge  of  the  boats.  Apart  from  all 
structural  deficiencies,  however,  it  looks  very  much  as  if 
the  torpedo  boat  as  heretofore  designed  was  rather  a  bad 
vessel  to  handle  and  likely  to  be  almost  as  dangerous  to 
her  owners  as  to  the  enemy.  At  best  it  is  only  available 
for  use  in  smooth  water  and  fair  weather. 

It  is  true  that  torpedoes  are  depended  on  for  service 
chiefly  in  shore  and  harbor  defence,  and  are  not  to  take 
much  part  in  sea  warfare  ;  but  it  can  hardly  be  expected 
that  a  fleet  should  be  provided  for  every  port  on  a  long 
coast  line,  such  as  that  of  England  or  the  United  States. 
Torpedo  boats  cannot  well  be  adapted  for  long  voyages, 
but  should  at  least  be  able  to  transport  themselves  from 
point  to  point  along  the  coast  without  blowing  up  or 
foundering  by  the  way. 

If,  as  we  are  often  told,  the  highest  civilization  will 
make  war  a  relic  of  the  past  by  referring  all  international 
disputes  to  a  peaceful  settlement,  we  must  be  still  a  good 
way  below  that  highest  plane.  Just  at  present  it  seems 
as  if  much  of  the  best  engineering  talent,  both  in  America 
and  Europe,  were  engaged  in  perfecting  the  means  of 
national  attack  and  defense.     The  Mechanical  Engineers' 


Society  at  its  Washington  meeting  devoted  a  considerable 
part  of  its  working  time  to  hearing  and  discussing  papers 
on  steel  for  guns  and  armor-plate  and  on  national  de- 
fenses, thus  following  the  example  of  the  Civil  Engineers, 
who  occupied  several  of  their  monthly  meetings  during 
the  past  season  on  the  same  subject. 

In  one  sense  such  discussions  and  the  wide  interest 
taken  in  them  are  not  an  encouraging  symptom,  and  the 
time  and  thought  expended  might  be  better  employed. 
On  the  other  hand  it  may  be  said  that  we  cannot  wait  for 
an  ideal  state,  but  must  take  things  as  we  find  them,  and 
from  this  point  of  view  there  is  much  to  be  said  in  favor 
of  the  popular  feeling  that,  if  other  nations  are  in  a  posi- 
tion to  attack,  we  must  be  ready  to  defend  ourselves. 
This  view  involves  the  necessity  of  providing  ships  and 
guns  of  the  most  approved  patterns,  and  if  we  must  have 
these,  there  should  be  full  discussion  of  the  subject  and 
by  the  most  competent  persons.  Hence,  it  is  well  that 
our  civil  and  mechanical  engineers  should  bring  their  ex- 
perience to  the  assistance  of  their  naval  and  military 
brethren,  who  will,  it  is  presumed,  be  ready  to  accept  the 
help  thus  offered. 

A  PAPER  presented  to  the  British  Institute  of  Mechani- 
cal Engineers  on  some  locomotives  built  for  the  Canadian 
Pacific  road  drew  out  a  long  discussion  on  the  relative 
merits  of  American  and  English  locomotives.  Some  of 
this  discussion  was  intelligent,  but  much  of  it  was  rather 
in  the  line  of  mere  assertion  without  proof,  and  disclosed 
a  good  deal  of  the  insular  prejudice  which  the  English 
engineer  is  apt  to  have  against  all  things  foreign.  There 
are  plenty  of  liberal-minded  English  mechanical  engineers 
who  are  quite  ready  to  recognize  good  practice  anywhere ; 
but  there  are  also,  unfortunately,  many  who  will  not  admit 
that  anything  really  good  can  come  from  outside  their 
own  conntry.  This  kind  of  men  can  be  found  on  this  side 
of  the  Atlantic  also,  but  they  are  fewer  in  number  and 
less  prominent  than  among  our  British  brethren. 

Some  of  the  feeling  expressed  in  this  particular  discus- 
sion may  have  been  due  to  a  not  altogether  unnatural 
irritation  at  the  fact  that  Canada,  although  an  English 
colony,  has  long  ceased  to  furnish  a  market  for  English 
locomotive  builders. 

The  Sind-Peshin  Railroad,  which  is  a  military  line  on 
the  Afghan  frontier  of  India,  runs  through  a  country 
which,  from  the  descriptions  given  of  it,  seems  to  resemble 
very  much  the  mountain  sections  of  Colorado  and  Utah. 
Its  construction  involved  the  solution  of  engineering 
problems  very  similar  to  those  met  with  in  the  building 
of  the  Denver  &  Rio  Grande  and  other  roads  in  that 
territory.  The  Sind-Peshin  line  was  built  by  English 
military  engineers,  who  had  entire  charge  of  the  work, 
but  one  of  them,  in  describing  the  road,  notes  that 
American  methods  of  location  and  construction  proved 
the  most  successful  and  were  largely  adopted.  From  the 
source  from  which  it  comes  this  may  be  taken  as  a  high 
compliment  to  American  engineers. 

In  building  this  road  speed  was  more  an  object  than 
cost.  It  was  built  entirely  for  military  and  political  rea- 
sons, and  there  was  no  question  as  to  whether  it  would 
be  commercially  profitable  or  not.  American  methods 
were  adopted,  not  so  much  because  the  road  could  by 
them  be  cheaply  built,  as  because  they  were  better  and 
easier. 
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It  is  to  be  noted  that  on  this  line,  though  it  ran  through 
so  difficult  a  mountain  country,  there  was  no  talk  of  nar- 
row gauge.  The  gauge  adopted  was  5  ft.  6  in.,  simply  be- 
cause that  was  the  gauge  of  the  connecting  line. 

A  SINGULAR  objection  to  iron  sleepers  is  noted  by  an 
English  engineer  who  has  had  much  experience  in  the 
building  of  military  lines  on  the  northern  frontier  of 
India.  The  wandering  Afghan  or  Belooch  who  infests 
those  parts,  he  says,  is  a  mischievous  creature,  who  is  very 
fond  of  testing  the  strength  of  an  iron  tie  with  the  biggest 
boulder  he  can  bring  to  bear  upon  it,  or  with  a  sledge- 
hammer, if  he  is  able  to  steal  one.  On  the  particular 
line  where  these  inquiring  gentlemen  most  abound,  the 
ties  sent  out  from  England  were  of  cast-iron,  and  the 
boulder  generally  got  the  best  of  it,  with  disastrous  results 
to  the  track. 

The  bill  to  provide  for  the  safety  of  travelers,  which 
has  been  signed  by  Governor  Hill  and  has  become  a  law, 
prohibits  the  use  of  stoves  either  inside,  or  suspended 
from,  a  passenger  car  in  the  State  of  New  York  after  May 
I  of  ne.\t  year.  Stoves  now  in  use  may  be  retamed  in  the 
cars,  but  their  use  is  to  be  permitted  only  when  the  cars 
are  standing  still,  or  temporarily  in  the  case  of  accident 
or  emergency. 

Like  most  laws  of  this  description,  the  present  one 
seems  too  sweeping  in  some  of  its  provisions.  That  it  is 
possible  to  make  a  car-heater  or  stove  which  will  be  safe 
in  almost  any  contingency,  there  can  be  no  doubt,  and  it 
is  possible  to  frame  a  law  which  would  permit  the  use  of 
such  a  heater  and  exclude  those  in  which  there  are  ele- 
ments of  danger.  If,  however,  it  is  admitted  that  a  system 
of  continuous  heating  by  steam  or  hot-air  from  the  loco- 
motive or  a  special  car  is  the  only  plan  which  is  really 
safe,  the  new  law  appears  to  be  defective  in  allowing 
stoves  to  remain  in  the  cars  at  all.  Certainly  the  use  of 
stoves  in  standing  cars  and  in  case  of  emergency  seems  to 
leave  a  pretty  fair  chance  for  evasion  of  the  law.  of  which 
some  railroad  managers  will  not  be  slow  to  take  advan- 
tage. 

The  time  allowed  before  the  law  takes  effect  gives  rail- 
road managers  another  winter  for  trial  of  the  diflferent 
devices  for  continuous  heating  offered  to  them,  and  no 
complaint  can  be  made  in  this  respect.  Practically,  they 
have  nearly  a  year  and-a-half  to  prepare  themselves,  as 
the  law  takes  effect  May  i,  1888,  and  heating  apparatus 
will  not  be  required  for  five  or  six  months  after  that. 

The  provision  of  the  law  prohibiting  the  use  of  car- 
stoves  in  New  York  State,  which  exempts  railroads  less 
than  50  miles  in  length  from  the  operation  of  the  law, 
appears  to  be  a  serious  defect.  It  seems  to  have  been  in- 
serted on  the  theory  that  short  roads  carry  but  few  pas- 
sengers and  are  not  able  to  bear  the  expense  of  new  heat- 
ing apparatus.  But,  apart  from  the  consideration  which 
might  be  urged  that  passengers  on  short  roads  are,  at 
least,  as  much  entitled  to  protection  as  those  on  the 
longer  lines,  there  are,  at  least,  three  or  four  roads  which 
might  be  named,  and  which  come  under  this  clause  of  the 
law,  which  carry  a  large  number  of  suburban  passengers 
to  and  from  New  York  every  day.  and  on  which  thousands 
of  lives  are  yearly  exposed  to  danger.  Now,  on  all  of 
these  roads  are  a  number  of  old  cars  which  are  provided 


'  with  the  simplest  and  most  dangerous  pattern  of  cast-iron 
I  stoves — heaters  which  are  tolerably  certain,  in  case  of  any 
serious  accident,  to  upset  and  break  to  pieces,  scattering 
their  fire  in  every  direction.  Probably  the  number  of 
passengers  carried  yearly  on  these  roads  exceeds  that 
carried  on  all  the  through  express  trains  run  by  the  trunk 
lines  of  the  State,  and  it  certainly  seems  as  if  they  were 
entitled  to  equal  protection. 

The  Cleveland  Irot\  Trade  Ket/icw  announces  that  some 
experiments,  which  have  been  conducted  for  some  time 
by  the  Cleveland  Kolling  Mill  Company,  under  the  direc- 
tion of  Mr.  Eugene  H.  Cowles,  the  inventor  of  the  process 
which  led  to  the  production  of  aluminium  bronze,  have 
been  very  successful  in  these  experiments.  Large  steel 
castings,  made  with  steel  charged  with  0.1  per  cent,  of 
aluminium,  showed  an  extraordinary  freedom  from  blow- 
holes and  other  defects,  which  are  common  with  ordinary 
steel  castings,  and  also  showed  a  remarkable  increase  in 
tensile  strength.  Moreover,  it  was  found  that  the  addi- 
tion of  this  small  percentage  of  aluminium  imparted  to 
the  steel  the  property  of  making  a  clean  and  perfect  weld 
with  wrought-iron.  The  alloy  also  greatly  reduced  the 
chilling  of  the  metal,  permitting  it  to  enter  the  mould 
readily  and  to  fill  it  completely,  as  was  shown  especially 
in  the  casting  of  a  number  of  gear-wheels. 

Should  further  experience  justify  the  deductions  drawn 
from  these  experiments,  the  discovery  is  an  exceedingly 
important  one  and  will  largely  increase  the  uses  to  which 
cast-steel  may  be  applied. 

I  The  plans  for  the  Metropolitan  or  City  Railroad  in 
'  Paris,  which  have  now  been  under  consideration  for  over 
two  years,  have  finally  been  adopted  and  work  will  be 
commenced  on  the  lines  as  soon  as  these  plans  receive 
the  approval  of  the  Legislative  Chamber.  The  general 
plan  includes  a  system  of  36  kilometers  in  all,  a  circular 
line  connecting  the  stations  of  the  different  trunk  lines 
entering  the  city  and  four  transverse  lines,  crossing  nearly 
at  right  angles,  each  of  these  lines  connecting  with  the 
circular  line  at  two  points  in  its  course.  To  these,  which 
will  constitute  the  principal  system,  are  to  be  added  two 
lines,  7  kilometers  in  all,  extending  beyond  the  circular 
line  into  the  suburbs.  Of  the  entire  length  of  43  kilo- 
!  meters  embraced  in  the  system,  about  9  '4  kilometers  will 
be  elevated  r.iilroad,  28  underground,  and  the  remaining 
6'4'  in  a  covered  subway  or  cut.  All  the  lines  will  have 
two  tracks  of  the  standard  gauge,  and  connections  will  be 
provided  by  which  trains  from  the  railroads  entering  the 
city  can  be  taken  at  once,  without  transfer,  to  any  point 
on  the  city  line.  It  is  not  intended  that  trains  shall  be  so 
run  in  ordinary  traflic,  but  this  is  really  a  military  precau- 
tion, taken  in  order  that  troops  brought  from  any  point 
may  be  landed  anywhere  in  the  city  of  Paris  where  it  is 
desirable  to  have  them. 

The  elevated  line  will  be  a  masonry  viaduct,  which  will 
not  follow  the  line  of  any  streets,  but  will,  as  we  should 
say  in   New  York,  cut  "  through  the  blocks,"  making  its 
own  road  a.  d  having  a  lateral  street  on  either  side  of  it. 
]    As  in  the  Berlin  City  Railroad,  the  arches  of  the  viaduct 
j    will  be,  wherever  possible,  utilized  as  store-houses  and  for 
'    similar  purposes.     Two  bridges  over  the  Seine  will  be  re- 
quired and  will  be  of  iron. 

The  other  crossings  of  the  river  will  be  tunnels  or  sub- 
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ways,  and  it  is  proposed  to  construct  these  tunnels  of  iron 
tubes,  but,  the  official  report  says,  a  special  study  will  be 
made  of  these  subways  and  some  alterations  in  the  plan, 
though  not  in  the  location  of  the  road,  may  be  required. 

There  will  be  altogether  on  the  whole  43  kilometers  of 
line.  68  stations,  of  which  14  will  be  on  the  elevated  line. 
12  on  the  covered  cutting  and  42  on  the  tunnel  line. 
These  stations  will  be  very  simple  in  construction,  but 
will  be  planned  to  give  abundant  space  for  the  large  traffic 
expected.  Three  of  these  stations  will  be  for  through 
passengers,  where  baggage  will  be  received  for  all  the 
railroads  running  out  of  Paris. 

The  rails  to  be  used  will  be  of  the  "  bull-head  "  type, 
and  it  is  probable  that  iron  or  steel  ties  will  be  used.  As 
the  road,  when  not  underground,  will  be  upon  a  solid 
viaduct,  ballast  will  be  used  in  the  ordinary  way. 

Paris  has  never  had  any  system  of  city  steam  railroad, 
having  been  entirely  dependent  for  city  traffic  upon  the 
omnibuses,  tram-cars,  and  carriages  or  hacks.  There  is  a 
belt  railroad  running  around  the  city,  but  it  is  used 
entirely  for  transfer  of  freight  between  the  railroads  and 
it  has  little  or  no  passenger  business.  This  belt  line, 
moreover,  was  not  located  with  a  view  to  serving  the  city 
or  accomodating  passengers,  but  chiefly  to  connect  the 
outer  line  of  fortifications  built  to  protect  the  city  against 
a  hostile  army.  The  new  City  Railroad  will  be  entirely  a 
government  affair,  and  its  cost,  we  believe,  is  to  be  paid 
partly  by  the  General  Government  and  partly  by  the 
municipality  of  Paris. 

Techn'IC.-^L  education  in  the  lower  sense — that  of  in- 
struction in  the  actual  manipulation  of  materials  and 
workshop  practice— is  now  strongly  advocated  and  is 
apparently  growing  everywhere  in  popular  favor.  To  a 
certain  extent  this  is  well,  but  there  is  some  danger  that 
it  may  be  pushed  to  excess.  Practical  instruction  is 
necessary,  but  not  to  the  exclusion  of  the  theoretical,  and 
that  is  very  apt  to  be  the  outcome  if  the  present  tendency 
is  followed  too  far.  It  is  not  long  since  that  the  move- 
nent  was  in  the  opposite  direction,  and  the  theoretical 
technical  education  was  pursued  to  the  exclusion  of  the 
practical,  so  that  the  new  movement  is  really  part  of  a 
natural  reaction.  It  is  also  a  part  of  the  general  tendency 
of  our  more  complicated  modern  life  to  divide  up  and 
specialize  education  as  much  as  possible. 

The  modern  workshop  school  is  also  an  effort  to  replace 
the  old  system  of  apprenticeship  which  is  now  passing 
away.  That  it  can  fully  do  so  is  not  possible,  for  no  com- 
bination of  shop  and  school  can  teach  a  boy  what  he  can 
learn  in  three  or  four  years  of  actual  shop  work.  This 
much  can  safely  be  said,  hon-ever,  that  a  little  practice 
with  tools  mixed  with  his  book  lessons  will  do  a  boy  no 
harm  and  may  do  him  much  good,  especially  if  he  is  not 
taught  to  rely  on  it  too  much  or  to  consider  it  a  complete 
outfit  for  his  future  trade. 

It  is  stated  that  the  Abt  rack-rail  system  is  to  be  tried 
on  the  English  military  railroad  through  Bolan  Pass,  on 
the  Afghan  frontier  of  India.  Materials  for  10  miles  of 
road  have  been  sent  out.  with  two  locomotives,  and  the 
road  will  be  laid  this  year. 

The  success  of  the  Abt  system  on  the  Harz  Railroad 
has  attracted  much  attention,  and  this  Indian  case  is  only 
one  of  several  proposed  applications  of  the  system. 


Persons  interested  in  the  eccentricities  of  maintenance 
of  way  can  see  a  fine  collection  of  low  joints  on  the 
Northern  Railroad  of  New  Jersey  between  Sparkill  and 
Nyack.  For  some  three  miles  each  rail  forms  an  arch, 
the  curvature  being  plainly  visible  to  anyone  walking 
along  the  track.  The,  rails  are  of  steel,  somewhat  worn  ; 
the  joints  are  the  plain  fish- plate  with  four  bolts,  and  are 
between  ties.  There  are  heavy  grades  over  the  whole  of 
this  section,  and  the  effect  on  the  locomotives  of  the  ad- 
ditional work  of  climbing  over  all  these  little  arches  may 
be  imagined. 

.■\  VERY  discouraging  view  of  the  condition  of  the 
Panama  Canal  was  given  to  the  American  Society  of 
Civil  Engineers  by  M.  Boulange,  a  French  engineer  re- 
cently employed  on  the  canal.  His  statements  corrobor- 
ate the  report  recently  made  by  Lieutenant  Rodgers,  and 
it  was  evident,  to  those  who  heard  him  at  the  Society's 
meeting,  that  he  spoke  with  acquaintance  of  his  subject 
and  with  full  conviction  of  the  correctness  of  his  views. 
With  less  than  one-quarter  of  the  actual  excavation  done 
the  company  has  already  spent  S ' 80.000,000.  part  of  which 
was  raised  at  a  ruinous  discount,  and  it  has  now  funds  on 
hand  for  only  a  few  months  longer,  with  very  little  pros- 
pect of  raising  more.  It  is  true  that  the  enormous  sum 
already  spent  includes  the  period  of  installation,  when 
heavy  payments  for  engineering  and  plant  might  be  ex- 
pected ;  but.  on  the  other  hand,  some  of  the  most  difficult 
and  expensive  work  has  not  even  been  touched,  or  has 
barely  been  begun. 

Thus  the  great  Culebra  cut  has  only  just  been  com- 
menced, and  the  little  work  done  there  has  developed 
difficulties  altogether  unexpected  and  apparently  very 
difficult  to  overcome.  The  damming  or  diversion  of  the 
Chagres  River,  a  work  essential  to  the  success  of  the 
canal,  is  so  far  from  execution  that  no  plan  for  it  has  yet 
been  settled  on,  and  the  engineers  agree  only  in  consider- 
ing it  an  extremely  difficult  problem  to  solve. 

The  future  of  the  canal  is  just  now  exceedingly  uncer- 
tain, but  it  does  not  appear  probable  that  the  company 
will  be  able  to  go  on  much  longer  with  the  work.  A  sus- 
pension is  to  be  looked  for,  though  a  total  abandonment 
will  be  postponed  as  long  as  possible. 

This  and  other  accounts  of  the  Panama  Canal  reveal 
an  almost  incredible  looseness  in  the  technical  admin- 
istration. That  so  important  a  work  should  be  under- 
taken without  sufficient  maps  and  without  a  really  definite 
final  location  is  sufficiently  startling;  but  when  we  are 
told,  on  apparently  good  authority,  the  chiefs  of  section 
are  required  to  work  without  maps,  profiles  or  anything 
else,  in  fact,  to  guide  them,  it  is  difficult  for  engineers  tO' 
believe  that  such  an  administration  is  possible. 

The  American  Water- Works  Association,  which  holds 
its  seventh  yearly  convention  at  Minneapolis  on  July  13, 
is  a  society  whose  proceedings  should  e.xcite  much  more 
interest  than  they  usually  do.  The  Association  includes 
a  number  of  engineers  of  standing,  and  the  general  subject 
of  which  they  treat  is  one  which  comes  close,  not  only  to- 
the  engineering  profession,  but  a  large  majority  of  the 
people.  Water  supply  affects  all  of  us  in  some  degree,  and 
a  very  large  part  of  our  population  is  now  resident  in. 
cities  and  towns  where  water-works  of  some  kind   are 
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needed.  There  are  many  questions,  some  of  them  of  a 
difficult  nature,  to  be  considered  in  this  convention,  and 
there  is  abundant  room  for  the  exercise  of  skill  and  talent 
by  engineers  in  their  solution. 

Railroad  bridges  are  to  be  one  of  the  leading  subjects 
for  discussion  at  the  Civil  Engineers'  Convention,  the 
points  to  be  especially  treated  being  the  proper  inspection 
of  bridges,  the  strength  of  floors  and  the  use  of  safety 
guards. 

In  this  connection  also  it  is  suggested  that  the  discus- 
sion include  the  question  of  reference  of  these  and  similar 
subjects  to  committees  for  consideration  and  report,  and 
also  the  question  whether  it  may  not  be  both  possible  and 
desirable  for  the  Society  to  adopt  some  standards  as  the 
Master  Car- Builders'  Association  has  done.  On  this 
last  point  there  is  likely  to  be  much  difTerence  of  opinion. 


TECHNICAL  EDUCATION  ON  THE  BALTIMORE 
&  OHIO  RAILROAD. 

A  REPORT,  which  marks  a  new  departure  by  the  old 
■^^-  and  conservative  Baltimore  &  Ohio  Railroad  Com- 
pany, has  recently  been  issued  by  Dr.  W.  T.  Barnard,  the 
Assistant  to  its  President.  The  report  is  intended  to  show 
the  economic  value  of  technical  education  in  the  develop- 
ment of  the  industrial  arts,  and  especially  in  railroad 
operation. 

A  person  familiar  with  the  ways  of  tht-  Baltimore  & 
Ohio  Company  and  its  officials  25  or  30  years  ago,  in 
reading  this  report,  feels  somewhat  as  Rip  Van  Winkle 
probably  did  when  he  woke  up  after  his  long  sleep.  What- 
ever may  have  been  the  merits  of  the  late  Mr.  Garrett's 
management,  he  certainly  did  little  to  encourage  the  ap- 
plication of  science  to  practical  railroad  management. 
The  publishing  of  this  report  and  the  creation  of  a  tech- 
nical school  by  this  company  indicates  that  the  present 
officers  have  a  higher  estimation  of  the  value  of  educa- 
tion than  their  predecessors  had,  although  the  author  of 
the  report  says  that  "  no  one  but  the  writer  stands  com- 
mitted to  the  statements  or  views  therein  contained." 

A  great  difficulty  in  the  way  of  carrying  out  a  scheme 
like  that  outlined  in  the  report  referred  to  is  that  the  great 
mass  of  workmen  do  not  value  or  care  for  education  or 
technical  knowledge.  That  this  is  the  case  on  the  Bal- 
timore &  Ohio  Railroad  is  shown  by  the  report,  which 
says : 

"  When  tastes  for  reading  and  study  are  not  cultivated 
in  youth,  they  are  seldom  acquired  in  later  life  by  those 
engaged  m  manual  occupations.  In  proof  of  this.  I  cite 
the  factthatthough  thereisacommodiouslibrary  and  read- 
ing room  at  Mt.  Clare,  fairly  equipped  with  works  of  science 
and  industrial  mechanics,  and  where  all  the  important 
scientific  journals  are  displayed  for  the  especial  benefit  of 
our  employes,  the  record  shows  that,  during  the  past 
year,  out  of  an  average  of  3,000  workmen  at  Mt.  Clare, 
fewer  then  50  visited  the  library  at  all,  and  fewer  than  15 
utilized  these  journals;  thus  conclusively  showing  that 
they  have  not  sufficient  education  to  appreciate  these  valu- 
able means  of  further  improvement.  Out  of  16, 120  books 
circulated  during  the  year,  but  1,816  were  of  a  strictly 
educational  character,  and  they  were  almost  exclusively 
drawn  out  by  young  men  and  boys  attending  our  class- 
instruction.  A  very  careful  canvass  last  year,  demon- 
strated the  fact  that,  among  this  great  mass  of  labor,  only 
one  man  subscribed  to  a  technical  journal,  and  that  man 
was  an  ordinary  mechanic.  A  logical  deduction  from  this 
record  is  that  our  people  ha^ie  little  or  no  knowledge  of  cur- 
rent improvements,  or  of  the  results  of  scientific  investiga- 


tions of  mechanical  subjects,  and,  as  a  rule,  they  only  know 
methods  crude  and  generally  obsolete  elsewhere,  and  observa- 
tion confirms  this." 

Again,  in  a  report  d^tcd  January  30,  1887,  Mr.Coler,  the 
principal  of  the  school,  says  that  he  and  his  assistant  ex- 
amined nearly  500  apprentices  in  the  shops  of  the  company 
and  '•//;«/ «o/<7//4'o/'///^/«  was  sufficiently  advanced  to  pursue 
technical  studies  with  profit  to  the  company  and  to  him- 
self. *  *  *  Combined  with  this  lack  of  elementary 
knowledge  was  a  corresponding  lack  of  inclination  on  the 
part  of  these  apprentices  to  make  of  themselves  anything 
more  than  ordinary  routine  and  rule-of-thumb  mechanics." 
The  author  of  the  report  concludes  "  that  to  try  to  edu- 
cate boys  who  have  not  formed  habits  of  study  before 
entering  upon  apprenticeship  is  a  useless  waste  of  time, 
patience  and  money." 

Of  the  good  effects  on  the  industries  of  a  country  or  a 
community  of  the  dissemination  of  technical  education, 
the  report  before  us  contains  ample  testimony,  but  that  it 
is  essential  or  important  to  the  great  majority  of  the  opera- 
tives of  a  railroad  may  be  doubted.  In  what  way  would  a 
knowledge  of  algebra  improve  a  man's  efficiency,  who  is 
employed  in  turning  car-axles  from  one  year's  end  to  an- 
other .'  It  is  doubtful  whether  a  knowledge  of  the  chemis- 
try of  combustion  will  make  a  fireman  more  efficient  than 
he  would  be  without.  Perhaps  thermo-dynamics  might 
help  a  locomotive  runner  to  save  fuel,  but  it  is  very 
doubtful.  A  blacksmith's  helper  or  a  boiler-maker  would 
not  be  any  more  efficient,  in  their  respective  occupations, 
if  they  understood  the  principles  of  statics  and  dynamics 
than  if  they  do  not.  In  the  very  nature  of  things,  many 
men  must  be  constantly  employed  on  a  railroad  to  turn 
axles,  to  fire  and  run  locomotives,  make  boilers  and 
forgings,  and  similar  occupations  for  which  manual  skill, 
industry,  endurance,  and  faithfulness  in  the  performance 
of  duty  are  the  essential  qualifications. 

It  is  in  the  management  of  the  ditTerent  departments  of 
a  railroad  that  scientific  knowledge  has  its  chief  value. 
The  old  dispute  about  the  relative  value  of  practical  and 
theoretical  knowledge  will  not  be  taken  up  here,  as  any- 
one with  experience  knows  the  two  should  be  combined. 
But  if  technical  knowledge  is  to  have  any  value 
in  the  management  of  railroads,  those  who  have  that 
knowledge  must  have  adequate  authority.  Now,  on  the 
Baltimore  &  Ohio  Railroad  we  have  the  curious  anomaly 
that  the  authority  of  the  heads  of  the  engineering  depart- 
ments is  made  subordinate  to  that  of  the  Purchasing 
Agent.  It  may  fairly  be  presumed  that  the  Superintend- 
ent of  Machinery  and  Chief  Engineer  of  a  great  road, 
which  has  organized  a  school,  on  a  liberal  scale,  for  the 
education  of  its  employes,  would  be  men  of  adequate 
practical  and  scientific  training  to  qualify  them  for  the 
responsibilities  of  the  positions  they  hold. 

Such  training  will  be  of  ver\-  little  use  unless  those  who 
have  it  also  have  the  requisite  authority  to  manage  the 
road.  Few  men  with  the  knowledge  which  the  head  of 
any  of  the  principal  departments  of  a  road  like  the  Balti- 
more &  Ohio  Railroad  should  have,  would  be  willing  to 
have  his  authority  over  the  department  for  which  he  is 
held  responsible  made  subordinate  to  that  of  a  person 
whose  chief  duty  and  only  qualification  is  that  of  driving 
a  sharp  bargain  with  those  who  sell  what  the  company 
must  buy.  Therefore,  the  educational  scheme  and  the 
distribution  of  authority  on  the  Baltimore  &  Ohio  Rail- 
road are  antagonistic  to  each  other.     This  company  will 
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be  obliged  either  to  stop  educating  its  employes  or  to 
suppress  its  Purchasing  Agent,  because  men  of  any  con- 
siderable degree  of  scientific  knowledge  and  practical  ex- 
perience would  have  careers  open  to  them  in  which  they 
would  not  be  made  subordinate  to  a  person  whose  chief 
distinction  is  that  he  excels  a  Bowery  clothing  dealer  in 
driving  sharp  bargains. 

Of  late  years  it  has  been  almost  impossible  for  any  one, 
no  matter  how  extensive  his  knowledge  or  experience 
concerning  the  mechanism,  engineering  or  operation  of 
railroads  might  be,  to  communicate  with  the  Baltimore  & 
Ohio  officials  excepting  through  the  Purchasing  Depart- 
ment. 

The  head  of  that  department  is  judge,  jury  and  expert 
in  matters  of  which  he  is  profoundly  ignorant,  in  which 
he  will  hear  no  argument,  and  from  his  decisions  there  is 
no  appeal.  He  treats  many  who  have  business  with  the 
company  with  so  much  insolence  that  those  who  have 
sufficient  independence  refuse  to  have  any  dealings 
with  him.  Some  of  the  largest  manufacturing  establish- 
ments refuse  to  bid  on  work,  the  orders  for  which  must 
come  through  his  hands,  and  his  name  is  execrated  from 
one  end  of  the  land  to  the  other  by  those  who  have  had 
to  come  in  contact  with  him.  If  the  Baltimore  &  Ohio 
Railroad  Company  determines  to  continue  its  educational 
scheme,  one  of  the  first  things  to  do  should  be  to  estab- 
lish a  department  for  instruction  in  the  amenities  of  busi- 
ness intercourse  and  compel  its  Purchasing  Agent  to 
spend  half  a  century  or  so  in  that  kind  of  study. 

There  is  great  room  for  doubting  whether  it  is  any 
part  of  the  duty  or  function  of  a  railroad  company  to 
undertake  the  education  of  its  employes,  excepting  in 
matters  pertaining  directly  to  the  main  purpose  for 
which  a  railroad  company  is  created,  which  is  to  carry 
freight  and  passengers.  It  obviously  should  teach  its 
locomotive  runners  how  to  manage  their  engines  and 
operate  the  brakes,  because  that  kind  of  information  is 
not  taught  in  the  schools.  It  is  important,  too.  that  its 
workmen  should  understand  drawings,  and  unfortunately 
drawing  is  not  taught  in  the  schools  as  generally  as  it 
should  be,  and  therefore  workmen  must  learn  it  elsewhere. 
As  mechanical  drawing  can  be  taught  best  in  connection 
with  a  workshop,  it  is  always  well  to  give  men  a  chance 
to  learn  how  to  draw  the  objects  with  which  they  are 
familiar.  Instruction  in  other  branches  which  have  a 
special  application  to  their  occupations  may  be  desirable, 
but  nearly  every  State,  city  and  town  now  gives  ample  fac- 
ilities forgetting  even  more  than  what  is  called  a  common- 
school  education.  A  railroad  company  may  with  advan- 
tage supplement  the  common  schools,  and  teach  specialties 
relating  to  the  work  of  its  employes,  but  it  is  very  doubtful 
whether  it  can  or  should  assume  to  do  what  the  schools 
are  created  for.  If  it  aims  to  give  a  thorough  course  of 
technological  instruction  it  will  probably  fail,  as  railroad 
officers  rarely  have  the  qualifications  required  for  conduct- 
ing a  school  of  science. 

If  instead  of  attempting  to  educate  its  own  men  the  Bal- 
timore &  Ohio  Company  would  make  its  service  attractive 
to  those  who  have  been  educated  elsewhere,  it  would  be 
likely  to  attain  what  it  is  aiming  at  sooner  than  it  will 
through  the  technical  school  which  it  has  organized  with 
commendable  liberality.  The  first  thing  to  do  to  make 
its  service  attractive,  is  to  cut  the  wings  of  its  Purchasing 
Agent,  who  now  soars  so  arrogantly  over  all  who  are  un- 
fortunate enough  to  be  obliged  to  have  any  dealings  with 


him.  Instead  of  attempting  to  educate  men,  that  com- 
pany would  do  much  better  to  find  those  who  have 
received  their  theoretical  education  elsewhere  and  give 
them  a  chance  to  get  their  practical  experience  in  the 
service  of  the  Company.  The  Pennsylvania  Railroad 
adopted  this  plan  years  ago,  and  the  results  are  known 
the  world  over. 


THE   POUGHKEEPSIE   BRIDGE. 

"Y^TORK  on  the  great  bridge  over  the  Hudson  Rivei" 
^  ^  at  Poughkeepsie  is  in  such  a  condition  that 
its  completion  is  now,  apparently,  reasonably  sure,  aftei' 
years  of  effort  on  the  part  of  its  projectors  and  of  con- 
tinually recurring  disappointment.  At  first  the  apparent 
success  of  the  Poughkeepsie  Bridge  had  the  effect  of 
stimulating  the  rival  projects  for  bridges  over  the  river, 
and  the  advocates  of  the  proposed  bridge  at  Storm  King 
and  the  suspension  bridge  at  Anthony's  Nose,  near  Peek- 
skill,  were  active  in  urging  the  advantages  of  their  plans. 
Lately,  however,  nothing  has  been  heard  of  them,  and 
the  bridge  at  Poughkeepsie  seems  likely  to  be,  for  some 
time  at  least,  the  only  bridge  crossing  in  the  130  miles 
between  Albany  and  New  York. 

The  Hudson  is  the  last  of  the  great  rivers  of  the  United 
States  to  be  bridged.  The  Mississippi,  the  Missouri  and 
the  Ohio  have  been  crossed  at  many  points  in  the  West,  and 
the  Delaware  and  Susquehanna  in  the  East  are  spanned, 
but  the  Hudson  has  remained  clear  of  bridge  crossings 
through  nearly  all  its  navigable  length.  There  have  been 
projects  enough  for  many  years  back,  and  they  have  bad 
plenty  of  advocates,  but  the  Poughkeepsie  Bridge  is  the 
only  one  that  has  ever  reached  the  stage  of  actual  con- 
struction. This  is  not  so  much  the  result  of  physical 
obstacles,  for  there  are  several  points  at  which  bridges 
are  entirely  practicable  without  serious  obstruction  to 
navigation,  in  the  light  ol  late  experience  with  long  spans, 
and  hardly  anywhere  along  the  river  would  such  difficul- 
ties be  encountered  in  building  the  substructure  as  have 
been  overcome  at  several  of  the  bridges  over  the  Missouri 
and  the  Mississippi.  The  Hudson  is  broad  and  deep,  and 
is,  in  fact,  more  a  tidal  estuary  than  a  river;  but  the  high, 
rocky  banks  which  mark  much  of  its  course,  and  the  rock 
bottom  which  can  be  found  at  most  points  at  a  moderate 
depth  present  conditions  favorable  to  the  engineer.  It 
carries  an  immense  traffic,  and  a  very  large  part  of  it  is  in 
the  form  of  long  tows  of  barges  and  canal  boats  which 
require  room  for  their  handling ;  but  these  can  be  pro- 
vided for  by  spans  which  do  not  exceed  in  length  some 
which  were  successfully  erected  years  ago.  The  river 
boatmen  have  actively  opposed  the  building  of  the  bridge 
now  under  construction,  but  it  does  not  appear  that  any 
greater  difficulties  will  be  found  in  passing  the  largest 
tows  between  its  piers  than  are  now  experienced  in  hand- 
ling them  in  the  narrow  channels  between  Albany  and 
Catskill.  There  are  also  the  advantages  that  the  river  is 
comparatively  free  from  such  strong  and  dangerous  cur- 
rents as  affect  the  navigation  of  the  Mississippi  or  the 
Missouri,  and  that  its  channel  is  stable  and  unchanging. 

The  real  causes  for  the  delay  in  bridging  the  Hudson 
have  been  the  absence  of  such  a  pressing  necessity  for  a 
crossing  as  has  existed  elsewhere,  and  a  general  doubt  as 
to  whether  a  costly  bridge  would  pay.  The  larger  part 
of  the  rail  traffic  from  the  West  to  New  England  has  for 
many  years  taken  the  route  through  Albany,  and  canal 
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traffic  which  was  bound  for  ihat  section  of  course  requires 
no  bridge,  as  the  transfer  from  boat  to  car  can  be  made 
as  readily  on  the  eastern  as  on  the  western  bank.  Such 
freight  business  from  the  South  as  goes  to  New  England 
points  by  rail  is  transferred  at  New  York,  where  a  bridge 
is  entirely  out  of  the  question,  and  would  not  be  likely  to 
take  a  circuitous  route  to  avoid  the  ferry  transfer.  There 
is  not,  anywhere  along  the  river,  a  local  traffic  which 
would  pay  for  the  building  of  a  costly  structure. 

The  only  trallic  which  could  be  relied  on  to  support  a 
bridge,  without  a  diversion  of  business  from  older  routes 
which  it  would  take  a  long  time  to  eflfect,  is  in  coal,  iron 
and  similar  freights  from  Pennsylvania,  New  England  is 
not  to  any  extent  a  fuel-producing  region,  and,  aside  from 
the  wood  which  is  used  in  the  country  districts  for  house- 
hold purposes,  its  supplies  of  fuel  for  both  manufacturing 
and  domestic  purposes  are  procured  from  the  mines  of 
Pennsylvania.  The  coast  towns  and  cities  have  always 
received  their  supplies  by  water,  and  this  business  is  now 
so  organized  that  no  rail  route  can  possibly  carry  it  more 
cheaply.  There  is,  however,  a  large  section  of  the  interior 
to  which  coal  is  now  carried  by  rail  from  the  pons  on 
Long  Island  Sound  and  the  Atlantic  Coast,  and  this  sec- 
tion could  probably  be  as  well,  perhaps  better,  served  by 
the  bridge  route.  It  is  mainly  on  this  traffic  that  the 
bridge  must  rely  for  support  until  a  share  of  Western 
business  can  be  diverted  from  the  Northern  rail  and  water 
routes  to  the  Erie  and  the  Pennsylvania  lines.  A  serious 
doubt  as  to  whether  the  traffic  over  the  bridge  would  be 
sufficient  to  pay  interest  on  its  cost  is  the  chief  reason 
why  it  has  not  been  built  before. 

At  present,  it  seems  probable  that  the  bridge  will,  with 
proper  connections,  be  a  success  commercially  as  well  as 
from  the  engineering  point  of  view.  The  building  of  two 
or  three  rival  bridges  would  certainly  result  in  the  finan- 
cial failure  of  all  of  them,  but  a  single  bridge  ought  to  be 
able  to  maintam  itself,  though  it  can  hardly  fulfill  the 
high  expectations  which  some  of  its  projectors  seem  to 
entertain  of  the  profits  of  the  enterprise. 

The  Poughkeepsie  Bridge  has  its  rail  connections  prac- 
tically still  to  be  made.  The  single  line  from  the  bridge 
eastward  is  not  now  in  a  condition  to  do  a  large  business. 
A  short  railroad  line  connecting  with  the  New  York  & 
New  England  Railroad  is  to  be  built,  and  is  a  necessity. 
On  the  western  side  of  the  river  a  line,  not  very  long,  but 
through  a  hilly  and  difficult  country,  must  be  built  to  enable 
any  railroad  to  reach  the  bridge.  At  present  there  is  noth- 
ing at  that  end.  Not  very  much  new  railroad  beyond  this, 
but  a  considerable  adjustment  and  rearrangement  of  con- 
necting 1  ines  will  be  necessary  to  secure  the  desired  business. 
The  plans  and  construction  of  the  bridge  will  doubtless 
furnish  interesting  topics  of  discussion  to  the  large  num- 
ber of  engineers  who  will  visit  it  during  the  American 
Society's  convention  early  in  the  present  month. 

NEW  PUBLICATIONS. 

Report   ok   the  Second   Annual   Meeting  oi-  the 
Illinois  Society  of  Engineer.s  and  Surveyors: 
1887.      Champaign,  111.:    published    by   the    Society, 
Professor  A.  N.  Talbot,  Secretary. 
This  report,  besides  the  annual  statements  of   the  of- 
ficers, contains  the  annual  address  delivered  by  the  Pres- 
ident, Professor  I.  O.  Baker,  on  the  progress  of  Engineer- 
ing during  the  year,  and  a  number   of   papers   read    by    I 


members.  The  distinguishing  feature  of  nearly  all  these 
papers  is  their  practical  nature  and  directness  of  appli- 
cation. The  subjects  treated  of  include  Drainage  for 
Cities ;  Surveys  for  Drainage  Purposes ;  Township  Bound- 
aries: Perpetuation  of  Corners;  Reservoirs  for  Mills  and 
Farm  L^se ;  Pavements  for  Small  Cities,  and  others  of  a 
similar  nature. 

Besides  a  report  on  general  engineering  progress,  com- 
mittee reports  are  presented  on  Land  Drainage  and 
Public  Highways;  Instruments,  Blanks  and  Records; 
Sanitary  Engineering  and  Water  Supply  and  on  Mining 
Engineering.  Some  of  these  reports  are  of  value  ;  others 
are  hardly  up  to  the  standard  which  might  be  expected. 
Something  is  to  be  excused,  however,  to  engineers  whose 
time  is  usually  so  fully  occupied. 

BOOKS  RECEIVED. 
Gas  Power  Compared  with  Stfam  Power.   Bv  Jos- 
eph   Emerson    Dowson.     London  :     Published    by   the 
Institution  of  Civil   Engineers. 

Recent  Researches  IN  Friction,  hv  John  Good- 
man. London  :  Published  by  the  Institution  of  Civil 
Engineers. 

Presssure-Recording  Instruments.  By  Jarvis 
B.  Edson,  M.  E.,  New  York.  This  is  a  reprint  of  a 
paper  read  by  Mr.  Edson  before  the  United  States 
Naval  Institute  at  Annapolis,  at  the  meeting  of 
March  4,  last. 

American  Insi  itute  of  Aki  hitects;  Pkoceedin(;s 
of  the  Nineteenth  Annial  Convention.  New- 
port, R.  I.;  George  C.  Ma.son,  Jr..  Editor  and 
Secretary  of  the  Institute. 

Royal  Engineers'  Institute,  Occasional  Papers, 
Volume  XL  Chatham,  England:  Edited  by 
Captain  Francis  J.  Day,  R.  E.,  and  published  by  the 
Institute.  This  volume  contains  several  papers  of 
much  interest,  notably  those  on  Frontier  Railroads 
in  India,  and  on  Road-making  in  Western  India. 

The  Economic  Theory  of  ihe  Location  of  Rail- 
ways: By  Arthur  Mellen  Wellington.  New  York  : 
John  Wiley  &  Sons  and  Etigitieen'ng  Ne't's.  This  is  a 
revised  and  very  much  enlarged  edition  of  the  book  with 
the  same  title  which  was  published  by  Mr.  Wellington 
some  years  ago,  and  which  was  much  appreciated  by 
engineers.  We  hope  to  review  the  new  edition  at  length 
hereafter. 

The  Moltens  Reservoir  :  By  Charles  John  Wood. 
London  ;  published  by  the  Institution  of  Civil  Engineers. 
Dredging  Operations  and  Appliances:  By  John 
James  Werster.  London;  published  by  the  Institution 
of  Civil  Engineers.  This  book  includes  an  abstract  of  a 
discussion  on  the  subject,  as  well  as  Mr.  Webster's  paper. 
The  Official  Railway  Equipment  Guide:  Cleve- 
land, Ohio.  This  is  the  new  name  adopted  by  the  publi- 
cation formerly  known  as  Sechrisi's  Hand-Book  and  Rail- 
way Equipment  and  Mileage  Guide.  The  new  title  is 
certainly  more  convenient  aud  less  cumbrous  than  the 
old  one.  The  Guide  is  an  exceedingly  useful  publication, 
and  must  be  indispensable  to  railroad  offices. 

Proceedings  of  the  Engineers'  Club  of  Phila- 
delphia: Volume  VI,  No.  2.  Philadelphia;  issued  by 
the  Club.  As  usual  with  this  Club,  the  present  number  of 
the  Proceedings  contains  several  papers  of  value. 
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Revista  Mensal  Engenharuae  Industria:  Club 
DE  Engenharia,  Rio  de  Janeiro.  Brazil.  This  is  a 
new  monthly  publication,  issued  by  the  Engineers'  Club 
of  Rio  de  Janeiro,  Brazil.  It  contains  the  proceedings  of 
the  Club  and  papers  presented  by  the  members. 

The  Tanite  Company's  Illustrated  Catalogue 
OF  Emery  Wheels  and  Grinding  Machinekv. 
Stroudsburg,  Pa.;  issued  by  the  Company. 

Electric  Light  Primer;  by  Charles  L.  Levey. 
New  York  ;  published  by  the  author.  This  is  a  brief  de- 
scription of  the  electric  lights  chiefly  used,  with  delini- 
tions  of  electrical  terms. 

Johnson  Steel  Street  Rail  Company;  Girder 
Rails  and  Permanent  Way  for  Street  Railroads. 
Johnstown,  Pa. 

Improved  Corliss  Engines;  Boilers,  Shafting 
and  Gearing;  Robert  Wetherill  &  Co.  Chester, 
Pa. 

Catalogue  of  Railroad  Supplies;  Crerar,  Adams 
&  Company,  Chicago,  1887.  This  catalogue  is  probably 
one  of  the  largest  and  most  nearly  complete  of  its  kind 
ever  issued. 

Cincinnati  Corrugating  Company  :  Catalogue. 
Cincinnati,  1887.  This  is  a  catalogue  of  roofing  and 
building  material  of  corrugated  and  other  sheet  metal 
manufactured  by  the  company. 


OBITUARY. 

Mr.  Gilman  Trafton  died  at  his  residence  in  Louis- 
ville, Ky.,  May  25.  He  was  for  many  years  Engineer  of 
the  Louisville  Bridge  &  Iron  Company,  but  resigned  that 
position  a  few  months  ago  on  account  of  ill  health.  He 
was  well  known  as  a  bridge  engineer  and  had  designed 
many  important  works.  He  had  been  a  member  of  the 
American  Society  of  Civil  Engineers  since  1871. 

Mr.  William  Jacomb,  who  died  suddenly  in  London, 
England,  May  25,  was  a  pupil  of  the  late  Mr.  Brunei  and 
afterward  assisted  him  in  several  of  his  works.  He  had 
immediate  charge  of  the  building  of  the  famous  steam- 
ship Great  Eastern.  Later  he  confined  himself  to  rail- 
road work,  and  for  several  years  past  had  been  Chief 
Engineer  of  the  London  &  Southwestern  Railway. 

Samuel  Gaty,  who  died  in  St.  Louis,  June  9,  aged  76 
years,  made  the  first  casting  ever  turned  out  from  a  St. 
Louis  foundry,  built  the  first  engine  made  west  of  the 
Mississippi  River,  and  aided  in  the  construction  of 
the  first  steamboat,  the  Jiagle,  accredited  to  St.  Louis 
builders.  He  was  born  in  Kentucky  and  served  his  time 
at  a  foundry  in  Louisville.  In  1828,  he  went  to  St.  Louis 
and  established  the  first  foundry  there,  afterward  adding 
a  machine  shop.  In  1S62.  he  retired  from  that  business, 
but  was  for  a  time  President  of  the  Ohio  &  Mississippi, 
Western  Division.  He  was  also  interested  in  other  rail- 
roads and  in  mining  property. 


Contributions. 


Rail  Sections. 

An  esteemed  correspondent  writes  :  "  I  may  state  that 
the  result  of  my  observations  would,  I  suppose,  class  me 
with  those  who  advocate  small  radii  for  throat  of  wheel 
and  upper  rail  corner.  I  may  venture  the  opinion  that 
excessive  wheel  loads  also  contribute  largely  to  the  side- 


wear  of  rail  and  flange.      I  mean,  that  when  the  true 
curves  are  found,  the  wear  will  still  go  on. 

"  As  railroads  are  now  organized  into  departments,  the 
upper  corner  of  the  rail  forms  the  boundary  between  the 
car  and  the  roadway  departments,  each  managed  on  an 
independent  basis.  If  the  settlement  of  the  question  were 
assigned  to  either  department,  I  believe  that  a  satisfactory 
solution  would  soon  be  reached." 


To  the  Editor  of  the  Railroad  nyici  I'.ngineering  Journal  : 

Referring  to  the  article  in  your  May  number  regard- 
ing rail  sections,  I  could  give  you  diagrams  of  standard 
sections  on  the  Atchison,  Topeka  &  Santa  Fe  Railroad. 
diagrams  and  tables  of  rail-wear  and  diagrams  of  wheel- 
wear,  but  I  refrain  from  thus  occupying  your  space  for.  if 
1  comprehend  the  situation  at  all,  the  main  question  is 
not  what  is  the  best  theoretical  section  either  for  strength 
or  least  wear.  We  have  many  good  Cclaimed  to  be 
superior)  sections  in  use  on  our  trunk  lines,  any  one  of 
which  will  do  for  a  train  to  run  over.  In  my  opinion  the 
section  to  be  adopted  should  be  decided  upon  in  the 
same  way  as  the  standard  car-wheel  tread  or  section  was 
decided  upon,  by  a  majority  vote  of  all  interested  par- 
ties. 

The  shape  of  the  head  is  probably  all  that  needs  to  be 
standard.  The  important  result  is  not  so  much  to  find  a 
section  that  will  be  theoretically  a  perfect  one.  Neither 
is  it  necessary  to  get  the  one  that  will  best  suit  the 
majority  of  roads.  The  best  rail  to  adopt  is  the  one  in 
common  use.  which  will  best  preserve  the  gauge  in  con- 
nection with  the  standard  wheel. 

The  fact  that  some  rail-heads  have  outward  sloping 
sides,  others  inward — some  ;'s  in.  radius  on  upper  corners 
— others  >s  in. — and  the  fact  that  some  roads  gauge  near 
top  of  head  (the  correct  gauging  point)  while  others 
gauge  at  the  bottom  of  the  head,  are  the  causes  for  the 
present  variation  in  widths  of  the  standard  X.rs.ck  gauge  of 
at  least  ^4  in.  in  tight  gauge,  and  fully  twice  that  on 
curves  where  some  roads  allow  i  in.  (or  more)  wider 
gauge,  while  others  keep  tight  gauge. 

The  \Y%  in.  variation  in  rolling-stock  gauges  and  1I4  in. 
variation  in  track  gauges  are  the  cause  of  a  large  amount 
of  wear  and  tear  on  track  and  rolling-stock,  to  overcome 
which  should  be  the  first  aim  in  adopting  a  standard 
section. 

The  wheel  section  already  adopted  should  be  consulted 
and  allowable  limits  of  variation  should  be  established. 

With  the  present  variations  in  gauges  it  is  absurd  to 
call  our  gauge  of  standard  roads  4  ft.  Z'/i  in.  We  might 
as  well  say  4  ft.  8  in.  or  4  ft.  9  in. 

If  we  can  pick  out  six  of  the  most  common  sections  we 
can  well  afford  to  take  the  poorest  of  the  si.x  as  a  standard 
rather  than  to  fool  away  more  expense  in  delay. 

If  we  can  adopt  a  rail  section  and  a  gauge  with  not 
more  than  y%  in.  total  difference  between  wheel  gauge 
and  track  gauge,  keeping  our  gauge  standard  on  curves 
as  well  as  tangents,  letting  each  road  narrow  its  engine- 
driver  tires  to  suit  its  own  curves,  we  shall  save  hundreds 
of  thousands  of  dollars  per  annum  in  repairs  of  track  and 
rolling-stock,  and  all  of  it  will  not  be  saved  on  rails  and 
wheels.  My  point  is  simply  this  :  Give  us  any  of  the  best 
sections  in  use,  but  let  the  matter  of  gauging  be  brought 
to  as  fine  a  point  as  possible. 

H.  V.  Hinckley. 
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THE      GEODETIC      WORK      IN      THE     UNITED 
STATES. 

V.  THE  U.  S.  COAST  AND  GEODETIC  SU  RVEY.— CONTIN  UlCD. 
liV  PROF.  J.    HOWARD    GORE. 

The  unsettled  condition  of  the  political  affairs  of  the 
country  about  this  time,  prevented  any  further  consider- 
ation of  the  Survey  project  until  March.  181 1,  when  Mr. 
Gallatin  requested  a  friend  to  ascertain  if  Mr.  Hassler 
would  undertake  the  mission  to  London  for  the  instru- 
ments. An  affirmative  answer  was  at  once  given,  and 
preparations  for  the  trip  begun  in  the  way  of  making 
drawings  and  consulting  those  in  authority  regarding 
the  details.  On  August  25,  Mr.  Hassler  sailed  for 
Liverpool,  and  the  day  after  his  arrival  in  London,  he 
had  a  conference  with  Troughlon  and  other  makers. 
The  superior  workmanship  of  Troughton  commended  it- 
self so  highly  that  he  was  selected  to  make  the  major  part 
of  the  instruments  wanted.  This,  together  with  the  fact 
that  he  was  at  that  time  working  on  the  great  mural  cir- 
cle at  Greenwich,  explains  the  delay  to  which  Hassler  was 
subjected,  and  for  which  he  has  been  so  frequently  and  so 
unjustly  censured.  This  is  further  shown  by  a  letter  re- 
ceived from  the  Treasury  Department  in  June,  of  the  year 
following,  instructing  him  to  remain  in  London  until  the 
completion  of  his  mission,  political  charges  notwith- 
standing. A  visit  to  Paris  was  made  to  procure  books 
and  standards  which  cost  considerable  time,  the  rebellion 
then  in  progress  making  it  difficult  and  very  tedious 
to  procure  passports.  Also  the  construction  of 
instruments  from  original  design,  requiring  in  some 
cases  the  manufacture  of  the  needed  patterns  and  tools, 
was  a  more  protracted  task  than  was  contemplated,  so 
that  it  was  not  until  December  14,  1815,  that  the  in- 
struments were  unpacked  and  placed  in  the  University 
of  Philadelphia,  under  the  care  of  Robert  Patterson,  duly 
delivered  as  the  completion  of  the  mission. 

The  plan  for  putting  into  operation  the  survey  of  the 
coast  was  submitted  to  Mr.  Dallas,  then  Secretary  of  the 
Treasury,  January  5,  1816,  and  the  approbation  was  re- 
ceived in  return  a  couple  of  weeks  later.  It  was  not  until 
May,  however,  that  Congress  made  the  requisite  appro- 
priation, while  the  commission  as  Superintendent  was  not 
signed  until  August  3  of  that  year.  This  document  was 
taken  from  Hassler's  scheme  previously  submitted.  It 
specified,  by  way  of  instruction,  that  the  assistants  were 
to  be  derived  from  the  Corps  of  Engineers  and  from  the 
Navy,  that  the  traveling  expenses  were  to  be  paid  by  the 
Government,  e.\cept  in  the  case  of  the  Superintendent, 
whose  salary  of  §5,000  a  year  was  to  cover  l.is  expenses, 
and  that  draftsmen  were  to  be  employed  as  their  services 
were  needed.  Even  before  his  appointment  as  Superin- 
tendent. Hassler  had  spent  several  weeks  seeking  a  suit- 
able place  for  the  measurement  of  a  base  line,  visiting  for 
this  purpose,  then  and  later,  portions  of  the  New  Jersey 
and  Long  Island  coasts,  Hempstead  Plains  and  various 
places  along  the  Hudson  River.  The  first  report,  trans- 
mitted November  23.  1816,  gives  a  detailed  account  of 
this  search.  The  difficulties  experienced  from  wooded 
marshes  and  lack  of  sharp  points  near  the  coast  impressed 
him  more  than  ever  with  the  necessity  of  carrying  along 
a  strong  chain  of  triangles  back  from  the  shore,  with 
secondary  triangles  to  check  the  off-shore  and  in-shore 
work.  During  the  following  spring  the  reconnoitering  was 


prosecuted  vigorously,,  meeting  with  success  in  the  way 
of  a  suitable  site  for  a  base  in  the  valley  of  the  English 
Neighborhood  and  Tinively,  at  the  west  foot  of  the  North 
Mountains.  Two  preliminary  measurements  of  the  line 
were  made  with  a  chain  constructed  for  the  purpose 
giving  9,446  meters  as  the  mean,  tlie  two  results  differing 
very  slightly  from  one  another.  The  more  accurate  de- 
termination was  deferred,  the  time  being  wanted  for  the 
re-erection  of  signals  and  the  adjustment  of  instruments. 
The  signals  were  cones  made  of  sheet  tin,  about  16  in. 
high,  diameter  of  the  lower  base  the  same,  while  that  of 
the  upper  base  was  14  in.  They  proved  to  answer  very 
well  in  a  morning  or  evening  illumination,  in  one  case 
being  visible  from  a  point  somewhat  more  than  30  miles 
distant. 

As  had  been  expected,  the  instruments  were  in  great 
need  of  adjustment  after  a  space  of  five  years,  in  which 
time  they  had  made  a  long  journey  over  land  and  water 
confined  in  boxes  and  under  unequal  pressure  and  strain 
of  their  different  parts.  It  was  found  that  the  smaller 
theodolites  had  fared  better  than  the  larger  ones,  giving 
to  the  latter  only  the  advantage  of  better  seeing  with 
their  more  powerful  telescopes.  The  following  extract 
from  a  report  of  progress  written  this  year  shows  the 
accuracy  thus  early  obtained.  "  The  results  of  my  obser- 
vations have  proved  very  satisfactory  in  point  of  accuracy; 
as  far  as  the  preliminary  computations  have  led  hitherto 
the  sum  of  those  angles  of  a  triangle,  of  which  all  three 
angles  are  measured,  being  within  about  one  second  in  a 
mean  equal  to  two  right  angles;  and  the  distances  con- 
cluded by  various  elements  agreeing  in  a  mean  within 
I  ft.  in  distances  from  8  to  20  miles.  So  that  every 
desirable  accuracy  is  likely  to  be  obtained  by  the  proper 
combination  and  reduction  of  the  observations  and  their 
accurate  calculation,  which  must  be  the  work  of  this 
winter;  and  the  results  will,  I  hope,  enable  me  to  begin 
next  summer  the  detailed  survey." 

A  second,  or  verification  base,  was  measured  in  Decem- 
ber, 1S17,  upon  the  sea  shore  of  Long  Island,  near  the 
Narrows.  The  length  of  this  line  was  found  to  be  7,753. 
meters.  The  results  of  three  different  combinations  of 
the  triangles  carried  out  upon  it,  falling  all  within  two- 
tenths  of  a  meter,  were  taken  as  confirmatory  of  the 
accuracy  of  the  original  base. 

As  was  quite  natural,  the  beginning  of  a  work  so  vast, 
in  a  country  almost  in  its  native  condition,  without  train- 
ed assistants  and  with  instruments  needing  trial  and 
adjustment,  was  a  tedious  and  slow  process,  so  much  so 
in  fact  that  the  Secretary  of  the  Treasury  wrote  to  the 
Superintendent:  "For  it  must  not  be'  dissembled  that 
the  little  progress  hitherto  made  in  the  work  lias  caused 
general  dissatisfaction  in  Congress,  which,  if  not  removed 
may  lead  to  a  repeal  of  the  law  under  which  you  are  now 
acting."  In  answer  to  this  letter,  Hassler  gave  a  detailed 
account  of  his  operations  up  to  that  time,  stating  how  he 
himself  had  been  up  and  observing  with  or  before  sun- 
rise, that  he  had  worked  upon  the  preliminary  computa- 
tion till  late  at  night;  that  he  had  formed  80  triangles,  em- 
bracing 41  stations,  at  each  one  of  which  he  had  measured 
every  angle ;  that  two  bases  had  been  measured  ;  and 
that  a  sufficient  number  of  latitudes  and  azimuths  had 
been  determined  to  place  the  work  in  its  proper  place  on 
the  earth,  and  give  to  it  its  proper  direction.  These 
were  the  results  of  four  months'actual  work  which  caused 
the  dissatisfaction  of  Congress. 
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Perhaps,  if  we  could  only  look  deeper,  we  might  find 
that,  while  the  Secretary  of  the  Treasury  has  been  made 
to  carry  the  blame,  others  were  instrumental  in  the  passage 
of  the  act  repealing  all  former  acts  relating  to  the  appoint- 
ment of  a  civilian  superintendent  and  placing  the  Survey 
under  the  direction  of  the  War  Department.  We  might 
see  in  the  number  of  eniiinecr  officers  left  without  duty 
by  the  peace  of  1815  a  dissatisfaction  with  service  under  a 
foreigner,  and  a  hope  that  if  the  entire  work  were  under 
their  control,  it  might  be  so  apportioned  as  to  give  to  each 
some  professional  service.  This  law  of  1818  authorized 
the  employment  of  none  but  Army  and  Navy  officers  for 
field  work.  L'nder  the  new  regime  some  detached  surveys 
were  made,  but  the  work  lacked  harmony,  and  being  ex- 
ecuted by  different  persons  and  with  various  methods,  it 
was  impossible  to  unify  the  results.  As  a  whole,  the 
year's  operations  were  unsatisfactory,  and,  acting  upon  the 
principle  that  silence  would  render  the  shortcomings  less 
conspicuous,  the  Department  under  whose  direction  it 
was  placed,  did  not,  in  its  annual  report,  make  mention  of 
its  rise,  growth  or  decay. 

Parenthetically,  it  may  be  remarked  that,  after  his  sum- 
mary dismissal,  Hassler  was  employed  as  Astronomer,  on 
the  part  of  the  United  States,  to  the  Commission  for  fixing 
the  boundary,  according  to  the  fifth  article  of  the  Treaty 
of  Ghent,  between  the  United  States  and  Canada.  While 
acting  in  this  capacity,  the  English  astronomers  were  so 
put  to  shame  on  account  of  the  inferiority  of  their  instru- 
ments that  they  sent  h(]me  for  better  ones,  and  when  re- 
ceived they  did  not  equal  those  Hassler  had  designed  10 
years  before. 

From  1 819  till  1832  attempts  were  made  from  time  to 
time  to  make  a  survey  of  portions  of  the  coast  under  the  di- 
rection of  the  Navy  Department;  there  were  also  made  some 
surveys  of  rivers  and  harbors,  together  with  hydrographic 
examinations  o-f  the  coast  of  a  few  of  the  States,  but  being 
isolated  and  without  checks  or  verification  they  reflected 
no  credit  upon  the  Navy  or  the  country.  The  desultory 
work  and_questionable  results  caused  the  Committee  on 
Naval  Affairs  in  1S2S  to  make  inquiry  of  the  Secretary, 
Mr.  Southard,  requesting  his  opinion  regarding  the  char- 
acter of  the  operations  and  the  reliability  of  the  charts. 
He  replied  that  the  charts  were  expensive  and  unsafe,  and 
recommended  a  recurrence  to  the  law  of  1S07.  Fortun- 
ately, Hassler's  presence  in  Washington  about  this  time, 
examining  and  comparing  the  standard  weights  and  meas- 
ures in  accordance  with  the  act  of  May,  1830,  gave  him  a 
better  opportunity  to  explain  to  those  in  authority  what 
had  been  done,  what  remained  to  be  done  and  the  best  way 
of  doing  it,  so  that  the  law  of  1832,  reestablishing  the  Coast 
Survey,  removed  the  restriction  regarding  the  sole  em- 
ployment of  officers  of  the  Army  and  Navy,  and  in  August 
of  the  same  year  Hassler  was  appointed  Superintendent. 
Work  was  begun  in  September  with  the  aid  of  two  assist- 
ants, but  owing  to  the  lateness  of  the  season, operations  were 
limited  to  the  re-erection  of  signals  at  the  stations  used 
in  1S17.  In  the  following  year  a  larger  party  was  put  in 
the  field,  some  to  carry  on  secondary  triangulation,  others 
to  do  detail  surveying  and  sketching  while  the  reconnois- 
sance  was  pushed  in  both  directions  along  the  coast.  The 
personnel  oi  the  Survey  continued  10  increase,  so  that  at 
the  end  of  10  years  there  were  employed  27  civil  assistants 
and  iS  officers  of  the  Navy,  with  four  vessels  for  off-shore 
work.  In  1834,  the  Fire  Island  base  was  measured  with 
an  apparatus  of  Hassler's  own  devising ;  the  length  was 


14.058.1;  meters.  Tlie  principal  triangulation  was  carried 
from  Point  Juilitli  to  below  Philadelphia,  in  the  Delaware, 
and  the  secondary,  commencing  at  the  same  point  on  the 
north,  covering  the  sea  coast  as  well  as  the  shores  of 
Long  Island  and  the  Delaware,  was  carried  as  far  south  as 
Capes  Henlopcn  and  May,  and  to  Annapolis  in  the  Chesa- 
peake. A  reconnoissance  had  been  made  in  North  Caro- 
lina, and  the  site  of  a  base  selected  from  which  similar 
operations  should  emanate.  Four  sheets  of  the  large  map 
of  New  York  Bay  and  harbor  were  finished,  and  the  re- 
duced sheets  of  the  bay  and  Long  Island  were  ready  for 
the  engraver,  together  with  the  whole  of  Delaware  Bay. 
The  soundings  of  the  outer  coast  had  been  carried  far 
enough  seaward  for  all  practical  purposes  of  navigation. 
In  the  whole  work  the  triangulation  covered  9,000  square 
miles,  furnishing  determinations  of  nearly  1.200  stations 
for  the  representation  of  1,600  miles  of  shore  line;  168 
topographical  maps  had  been  made  and  143  hydrographic 
charts  filled  up. 

The  entire  cost  up  to  this  time,  from  the  beginning,  was 
$881,549,  besides  about  $287,000  for  equipments  of  the 
naval  parties  engaged  in  soundings. 

Although  the  progress  so  far  made  was  very  great,  and 
the  expense  comparatively  slight,  the  pressing  demands 
of  the  growing  commerce  of  the  country  caused  many 
complaints  to  be  heard  in  Congress  against  the  adminis- 
tration of  the  Survey,  with  the  text  that  the  slow  advance 
in  the  work  was  due  to  refinements  altogether  unneces- 
sary for  the  ultimate  purposes  of  the  Survey,  and  that  the 
practical  tangible  results  were  inadequate  to  the  expendi- 
ture. With  the  plea  of  extravagance,  it  is  easy  to  attract, 
if  not  secure,  the  attention  of  Congress,  so  in  the  present 
instance  the  cries  were  listened  to.  and  the  causes  of  the 
clamors  were  investigated  in  1842  by  a  congressional  com- 
mittee. The  scrutiny  to  which  the  work  was  subjected 
was  of  an  unfriendly  character,  and  the  examination  was 
addressed  rather  to  the  Superintendent  than  to  the  oper- 
ations under  his  direction.  The  result  was  a  complete 
vindication  of  the  methods  then  in  use. 

A  proviso  was  attached  to  the  appropriation  bill  of 
1843,  directing  that  the  Survey  be  thereafter  prosecuted 
in  accordance  with  a  plan  of  reorganization  to  be  pre- 
pared by  a  board  of  officers,  consisting  of  the  Superin- 
tendent, two  first  assistants,  two  naval  officers  in  charge 
of  hydrographic  parties  and  four  officers  of  the  corps  of 
engineers.  This  board  convened  on  March  20,  1843.  and 
in  their  plan  then  adopted  they  set  their  seal  of  approval 
upon  the  methods  already  employed,  and  reared  to  Hass- 
ler his  greatest  monument  by  taking  the  original  scheme 
as  the  basis  of  reorganization  and  the  guide  to  be  fol- 
lowed in  the  further  execution  of  the  Survey. 

The  worry  of  this  examination,  the  continuous  trouble 
with  the  auditing  officials  and  the  numerous  and  severe 
exposures  to  which,  in  his  enthusiasm,  he  subjected  him- 
self, so  affected  his  physical  nature  that  death  came  to  his 
relief  in  November.  1S43. 


A  Large  Lake  Steamer. 

The  new  steamer  Aurora,  now  nearly  completed  at 
Cleveland,  O.,  for  the  grain  and  ore  trade  on  the  upper 
lakes,  is  an  excellent  example  of  the  large  carriers, 
now  used  in  that  trade.  Her  capacity  is  3,000  tons  of 
freight,  and  she  is  expected  to  make  14  miles  an  hour 
under  steam.      The  Aurora   is  owned  by  Captain   Wm. 
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Mack,  Mr.  John  Corrigan  and  others,  and  has  been  built 
under  the  supervision  of  Captain  Mack. 

The  Aurora's  length  of  keel  is  293  ft.,  and  she  is  312  ft. 
over  all.  The  breadth  of  beam  is  42  ft.  outside  every- 
thing.    The  molded  depth  in  the  shoalest  place  is  24  ft. 

6  in.;  shear,  6  ft.,  the  after  depth  being  30  ft.  6  in. 

The  frames  are  6-in.  flitch,  double,  with  e.\tra  long 
floors,  from  bilge  to  bilge  without  a  break,  19  in.  at  the 
seat  and  17  in.  at  bilge,  9  in.  at  top  height.  The  keel  is 
9x16  in.;  main  keelson,  16  x  16  in.;  sister  keelsons,  16 
X  16  in.;  12  floor  keelsons,  6  on  each  side,  15  x  16  in., 
bolted  through  every  frame  with  five  l-in.  bolts;  the 
frames  are  2  i-in.  centers.  The  keelsons  are  bolted  through 
into  keel  with  iV.  and  garboard  with  i;4-in.  bolts;  the 
rider  keelsons  are  17  x  18  in.,  bolted  clear  through  with 
i;:i:-in.  iron.  Garboard  is  8  in.,  ne.xt  7,  and  bottom  all  6 
in.  white-oak.     Top  sides  are  5  in.,  except  three  strakes  of 

7  in.  let  into  frames.  The  ceiling  is  all  6  in.  from  last  big 
keelson.  There  are  five  strakes  commencing  with  1 1  in. 
and  diminishing  to  6  in.  at  ceiling,  going  up  6  in.  to  main 
deck,  then  7  strakes  7  in.  thick  are  notched  into  Irames  i 
in.,  all  edge-bolted,  2  bolts  between  frames,  with  i-in. 
iron  shelf-pieces  under  main  deck,  6  in.  x  3  ft.,  bolted 
through  inside  of  vessel ;  upper  shelf  under  spar  deck  the 
same.  The  deck  is  of  3- in.  white  pine.  There  are  8 
hatches  to  handle  cargo.  There  are  four  masts,  with 
standing  gaffs  to  handle  cargo  ;  no  sails. 

There  will  be  three  steel  arches,  two  on  the  outside,  the 
lower  arch  catching  hold  of  the  extreme  corner  forward 
and  going  up  high  amidships,  then  ending  at  the  extreme 
lower  corner  aft.  This  arch  is  of  steel,  i  in.  thick  and  12 
in.  wide  :  the  length  is  310  ft.  The  next  is  10  ft.  above 
the  first,  and  is  of  the  same  size.  A  steel  cord  catches 
the  stem  on  one  side  and  goes  around  the  vessel  without 
a  break  to  the  stem  again  on  the  other  side  ;  this  steel 
cord  is  I  x  12  in.  and  is  635  ft.  long.  The  other  arch  is 
on  the  inside,  abreast  of  the  first  one,  and  is  put  in  so  that 
bolts  (i>i  in.)  go  through  outside  plank,  outside  arch, 
frames,  ceiling  inside  and  through  this  inside  arch,  thus 
fastening  by  rivetmg  together  the  whole  mass;  there  are 
4  bolts  in  every  frame,  through  and  through.  All  fasten- 
ing is  the  best  i-in.  iron.  Batten  planks  are  bolted  on 
with  4  bolts  and  2  spikes  in  every  frame,  and  top  sides 
with  2  bolts  and  2  spikes  in  every  one.  The  top  strake  is 
7>^  and  8  in. 

There  are  i  ,300,000  ft.  of  lumber  and  350  tons  of  iron 
used  in  the  construction  of  this  vessel.  Her  model  com- 
bines great  displacement  with  fine  ends. 

For  handling  cargo  the  ship  has  Emerson  steam 
winches  forward,  capstan  and  steam  capstan  aft.  She  is 
provided  with  Williamson  Brothers'  best  steering  gear. 

The  boilers  are  on  the  main  deck.  The  cabins  are  aft 
the  boilers  and  forward  of  foremast. 

The  engines  of  the  Aurora  are  of  the  triple-expansion 
type  with  latest  improvements,  and  were  illustrated  in  the 
June  number  of  the  Journal,  pages  253  and  254.  The 
engines  are  built  by  the  Cleveland  Shipbuilding  Company, 
and  the  hull  by  Murphy  &  Miller,  of  Cleveland,  Ohio. 

LOCOMOTIVE    FOR  THE   ANTOFOGASTA    RAIL- 
ROAD  OF   CHILI. 

The  accompanying  illustration  represents  a  locomotive 
of  30-in.  gauge  built  for  the  Antofogasta  Railroad  of  Chili 
by  the  Baldwin  Locomotive  Works  in  Philadelphia.  The 
dimensions  of  the  engine  are  as  follows  : 


WEIGHT  AND  GENERAL  DIMENSIONS. 

Gauge  of  road 2  fi.  6  in. 

Total  weight  of  locomotive  in  working  order 51,880  lbs. 

Total  weight  on  driving-wheels 36,190165. 

Total  wheel-base  of  locomotive jo  ft.  ly  in. 

Distance  between  centers  of  driving-wheels 5  ft.  8  in. 

Distance  from  center  of  cylinders  to  center  of  main  drivers 9  ft.  s  in. 

Length  of  main  connecting-rod  between  centers s  ft.  1  in. 

Transverse  distance  between  centers  of  cyhnders 6  ft.  i  in. 

CYLINDERS,   VALVES,   ETC. 

Diameter  of  cylinder  and  stroke  of  piston 13  X  20  in. 

Horizontal  thickness  of  piston  over  piston-head  and  follower-plate. .4^  in. 

Kind  of  piston  packing Steam 

Diameter  01  piston-rod 2%  in. 

Size  of  steam  ports 12  X  i  in. 

Size  of  e.\haust  ports is  X  s  in. 

Greatest  travel  of  slide-valves 4K  in- 

Outside  lap  of  slide-valves '. A  in. 

Inside  lap  of  slide-valves A  in. 

Lead  of  slide-valve  in  full  stroke A  in. 

Throw  of  upper  end  of  reverse  lever 3  ft.  i  in. 

Sectional  area  of  opening  in  each  steam  pipe J2.5  sq.  in. 

WHEELS,    ETC. 

Diameter  of  driving-wheels  outside  of  tires 48  in. 

Diameter  of  truck  wheels 26  m. 

Size  of  driving-axle  journals,  diameter  and  length 6  X  7  in. 

Size  of  truck-a.xle  journals 4  X  6  in. 

Size  of  main  crank-pin  journals 3^^  X  3K  in. 

Size  of  coupling-rod  journals 3  X  3  in. 

Length  of  driving-springs,  center  to  center  of  hangers 2  ft.  8  in. 

BOILER. 

Description  of  boiler Straight  top,  i  dome. 

Inside  diameter  of  smallest  boiler  ring 42  in. 

Material  of  barrel  of  boiler Steel. 

Thickness  of  plates  in  barrel  of  boiler JS  in. 

Kind  of  horizontal  seams Lap  seams,  double  riveted. 

Kind  of  circumferential  seams Lap  seams,  single  riveted. 

Material  of  tubes Brass. 

Number  of  tubes 109. 

Diameter  of  tubes,  oulside 2  in. 

Distance  between  centers  of  tubes 2H  in. 

Length  of  tubes  over  tube-plate 10  ft.  6  in. 

Length  of  lire  box,  injide 50  in. 

Width  of  fire-box,  inside 32  in. 

Depth  of  tire-box  from  under  side  of  )  (  57  in.  front. 

crown-plate  to  bottom  of  mud  ring  f I  56  in.  back. 

Water  spaces,  sides,  back  and  front  of  fire-box ^H  X  ^H  X  3K  in- 
Material  of  outside  shell  of  fire-box Steel. 

Thickness  of  plates  of  outside  shell  of  fire-box ij  in. 

Material  of  inside  of  fire-box Copper. 

Thickness  of  plates  in  sides,  back  end  and  crown  of  fire-box..  J^X}<X5iin. 

Material  of  fire-box  tube-plate Copper. 

Material  of  smoke-box  tube-plate Steel. 

Thickness  of  front  and  back  tube-plates M  X  J4  *  K  in. 

Crown-plate  IS  stayed  with Rad.  stays. 

Diameter  and  height  of  dome 24  X  21  in. 

Working  steam-pressure  per  square  inch 130  lbs- 
Kind  of  grate Plain  cast-iron. 

Width  of  bars Kin. 

Width  of  openings  between  bars K  in- 

Grate  surface 11  sq.  ft. 

Heating  surface  in  fire-box 69  sq.  ft. 

Healing  surface  of  the  outside  of  tubes 594  sq.  ft. 

Total  heating  surface 663  sq.  ft. 

Kind  of  blast-nozzle Double. 

Diameter  of  blast-nozzles  (three  sizes  furnished) 2  X  1%  &  ^'A  in. 

Smallest  inside  diameter  of  smoke-stack 13  io- 

Height  from  top  of  rails  to  top  of  smoke-slack 13  ft- 

Smoke-box Straight. 

TENDER. 

Weight  of  tender  empty  (actual) 25,000165. 

Weight  of  tender  with  fuel  and  water 49,000  lbs. 

Number  of  wheels  under  tender 8. 

Water  capacity  of  tank  (in  gallons  of  231  cubic  in.) 2,400  gals. 

Coal  capacity  of  tender  or  fuel  bin 4  tons  (of  2,240  lbs). 

In  the  construction  of  this  engine  the  problem   pre- 
sented was  "to  build  an  engine  of  the  exceedingly  narrow 
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gauge  of  30  in.,  having  a  weight  of  about  25  net  tons, 
driving-wheels  4S  in.  diameter,  and  sufficient  lateral  stabil- 
ity to  run  at  a  speed  of  30  to  4;  miles  an  hour.  To  meet 
these  requirements  the  placing  of  the  frames  outside  of 
the  driving-wheels  was  resorted  to,  a  practice  by  no  means 
new,  but  one  which  has  so  long  been  abandoned  that  its 
revival  may  be  considered  a  novelty.  The  equalization  is 
between  the  leading  truck  and  the  leading  driving-wheels 
and  between  the  trailing  truck  and  the  trailing  driving- 
wheels.  The  system  of  equalization  employed  is  suffi- 
ciently indicated  by  the  photograph.  The  forward  truck 
is  made  side-bearing  to  contribute  to  the  steadiness  of  the 
engine  and  prevent  its  riding  on  the  equalizing  fulcrums 
as  on  a  knife-edge.  The  result  of  this  construction  is 
that  the  engine  is  perfectly  steady  laterally.  The  distance 
from  center  10  center  of  frames  is  43  in.,  and  the  distance 
from  center  to  center  of  springs  affords  a  lateral,  flexible 
base  almost  as  great  as  that  of  a  standard-gauge  locomo- 
tive. This  construction  also  admits  of  the  ma.\imum 
width  of  fire-box,  32  in.,  which  compares  favorably  u  i:h 
standard-gauge  practice. 

THE  RESISTANCE.  OF  TRAINS. 


The  following  figures  give  briefly  the  results  of  the 
No.  7  special  tests  made  to  determine  the  frictional  re- 
sistances of  the  various  trains.  The  trains  were  composed 
of  49  or  50  empty  cars  with  dynamometer  and  way-car, 
and  American  type  engine  and  tender.  The  track  and 
rails  were  in  good  condition  and  the  wind  light. 

Each  train  was  tried  once  on  a  slightly  descending  tang- 
ent, and  once  on  a  curve,  situated  on  an  average  descending 
grade  of  50.6  ft.  per  mile.  The  resistance  was  ascertained 
on  the  tangent  by  running  up  to  stop-post  No.  i  at  about 
20  miles  per  hour,  and  then  shutting  off  steam  and  allow- 
ing the  train  to  run  until  it  came  to  a  stand-still. 

The  resistance  on  the  combined  grade  and  curve  was 
ascertained  by  running  the  train  up  to  stop-post  No.  3  at 
a  low  speed  (about  5  miles  per  hour),  and  then  shutting 
off  steam,  and  allowing  the  train  to  run  until  stop-post 
No.  4  was  reached.  The  speed  at  the  moments  of  passing 
each  stop-post  was  carefully  noted. 

It  will  thus  be  seen  that  the  resistances  given  below 
include  not  only  the  resistance  of  the  cars,  but  of  the 
engine  running' without  steam.  This  is  probably  greater 
per  ton  than  that  of  the  cars,  but  the  weight  01  the  engine 
(about  40  tons)  is  so  insignificant  in  comparison  with  that 
of  the  cars  (700  to  Soo  tons)  that  the  influence  of  the 
engine  in  running  without  steam  may  be  neglected,  and 
the  resistances  given  may  probably  be  taken  to  represent 
fairly  the  resistance  of  new  empty  cars: 


Tangent. 

Curve. 

Pattern  of         Brake. 

Res't'ce 

looo  lbs. 

Speed.        lbs. 
to^'n'of 

f;r£en..  ^^/rr„f;?; 

C.  B.  &  Q.     Eames. 

rt:t°o4.rH-«om. 

Average       Mean          ,  . , 
miles.        miles.         ^'>s- 

IS  ,            15            5.87 
M'-i              15               6.22 
.;>i              mK            7.5- 
ii'A              13         ,     U.00 

Av.    .Mean  =•.?<» 
miles,  miles.     ">s- 

"V  ''-¥.  *•'' 

■5«        22>i       9.0, 
13^        M>         IX.OO 

4            4       19-8 

Avtrage] 

t3'4           .5        '•     7.90 

t6;/I    22      9.60 

The  cars  were  new.  and  were  tried  empty.  The  Penn- 
sylvania cars  were  lubricated  with  dope.  Tne  Eames 
cars,  when  loaded,  after  these  trials,  gave  trouble  from  hot 
bo.ves.  The  great  resistance  of  the  Hanscom  train  was 
caused  by  the  brake-shoes  binding  on  the  wheels.  The 
brake-shoes  on  the  Eames  trains  were  also  in  some  cases 
very  close  to  the  wheels,  and  apparently  affected  the 
friction  of  the  train  on  the  curve.  The  brake  shoes  on 
the  VVestinghouse  train  were  hung  inside  ;  all  the  others 
were  hung  outside  the  wheels. 

The  trials  on  the  curve  were  made  between  stop-posts 
Nos.  3  and  4.  .About  half  the  total  distance  is  on  a  2", 
40'  curve  (2,149  ft.  radiusi  e.xtending  over  nearly  a  quarter 
of  a  circle  (So°  40'  10")  and  the  remainder  of  the  distance 
is  on  curves  averaging  about  1°,  or  say  about  6,000  ft. 
radius. 

The  results  given  in  similar  triais  of  brake  trains  over 
the  same  ground  in  1SS6  were  as  follows  ;  the  trains  were. 
however,  composed  of  25  cars,  12  loaded  to  ihcir  full 
capacity  and  13  empty  : 


Pattern  of                3^^,^. 

Tangent.                         Cu 

rve. 

Average 
speed 
m^les. 

2,000  lbs:     ■""*'■ 

Rcsfn'ce 

"j^n^oV 
2,000  lbs. 

C,  B.  »;  Q.  Weslinghouse 

1.,    D.  i  S.  Eames 

Lehigh  Val   Widdifieldi  Button 

3 

2:^:    i   1% 

6.84           \           2.« 

8.SO             2.Ji 

6.07 
9.42 
9.42 

8.94 

Average  1886 

;tg 

7i9"       1       "k 

8.46 

<,.to 

Average  of  both  years 

-4K 

7.26    :     .9H 

9.03 

The  Committee  are  indebted  to  Mr.  .A.  M.  Wellington 
for  the  calculations  giving  the  results  of  the  trials  in 
1886. 

The  results  for  the  two  years  agree  fairly  well.  The 
average  difference  between  the  resistances  on  the  tangent 
and  on  the  curve  was  1.84  lbs.  in  1886  and  1.70  lbs.  in  1887. 
One  train  of  cars  iVVestinghouse.  1SS6)  gave  a  resistance 
of  only  4.32  lbs.  on  the  tangent,  while  another  train 
(Hanscom,  1887)  had  a  resistance  of  12.00  lbs.  per  ton  on 
the  tangent,  or  nearly  three  times  that  of  the  Chicago,  Bur- 
lington &  Ouincy  cars  in  the  lighter  running  train.  This 
difference  was  apparently  principally  due  to  the  brake- 
shoes  rubbing  against  the  wheels,  and  was  equal  to  a 
constant  grade  against  the  train  of  20  ft.  per  mile.  In 
running  from  New  York  to  Chicago,  i.ooo  miles,  the  extra 
resistance  would  be  thus  equivalen:  to  surmounting  an 
elevation  of  20,000  ft.,  or  more  than  the  height  of  the 
highest  mountain  iri  North  America.  The  importance  of 
keeping  the  brake-shoes  clear  of  the  wheels  is  thus  very 
evident. 

In  the  18S6  trials  the  Chicago,  Burlington  &  Ouincy, 
the  Indianapolis,  Decatur  &  Springfield,  and  the  Lehigh 
Valley  trains,  were  composed  of  cars  that  had  been  run- 
ning some  time.  The  St.  Louis  \-  San  Francisco  cars 
cars  were  new.  The  Chicago,  Burlington  &  Ouincy  cars 
(Westinghouse)  had  the  brakes  hung  from''the  trucks 
and  inside  the  wheels.  All  the  other  cars  had  the  brake- 
shoes  hung  outside  from  the  body. 

The  following  figures,  based  on  the  average  results  ob- 
tained in  1S86  and"iSS7,  show  the  increased  friction  on 
the  curve  as  compared  with  the  tangent. 

Increase  lbs. 
per  ton. 


In  making  this  average,  the  Hancom  results  on  the 
curve  are  excluded,  as  they  are  not  based  on  sufficient 
data  to  be  trustworthy.  The  "  mean  speed"  is  the  average 
of  the  squares  of  the  speeds. 


These  results  tend  to  show  that  the  resistance  on  curves^ 
is  increased  considerably  when  the  shoes  are  hung  outside 
and  100  close  to  the  wheels.  When  the  truck  swivels,  the 
shoes,  being  hung  from  the  body,  are  lifted  and  brought 
closer  to  the  wheels  by  the  greater  inclination  of  the 
hangers.  When  the  shoes  are  hung  from  the  trucks  no- 
such  action  occurs,  and  the  shoes  remain  the  same  distance 
from  the  wheels,  whether  the  car  is  running  on  a  tangent 
or  on  a  curve. 
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The  fact  that  outside-hung  shoes  rub  more  forcibly 
against  the  wheels  on  curves,  is  not  only  shown  by  the 
figures  given  above,  but  was  also  observed  when  the  trial 
trains  were  being  hauled  over  frogs  and  curves  in  the  yard 
at  West  Burlington. 

The  size  of  journal  bearir.g  has,  doubtless, an  important 
influence  on  the  friction  of  trains,  and  the  subjoined  fig- 
ures give  the  sizes  of  the  journals  in  three  of  the  trains 
tried  at  the  1S87  tests,  together  with  the  weight  of  each 
car.  empty,  and  loaded  to  its  full  marked  capacity,  and 
the  resultant  load  per  square  inch  on  the  journals.  The 
bearing  area  of  the  journal  is  assumed  as  the  length  and 
diameter  multiplied  together: 


Journal 
diam- 

weight  Of  car.   P'«|;;7,P«;,»,q- 

ic- 

Empty.  1  Loaded  Empty. 

Loaded 

£2 

Pennsylvania. 

Inches.      lbs.          lbs.     1     lbs. 
8X4       30.577      90.577  :      t'9 
7X4       27.35'      67.35'  1      ■== 

Ib-i. 
354 
301 
312 

lbs. 

5  87 

Illinois  Central 

C     B  &Q 

7-51 

^,j  ,  1     ...J  ■.  1 

As  the  frictional  resistance  given  was  obtained  with 
empty  cars,  where  the  load  per  square  inch  on  the  journal 
is  practically  identical,  the  variation  found  in  the  resist- 
ance is  due  to  other  causes  than  insufficient  bearing  sur- 
face. The  highest  amount  of  friction  was  shown  in  18S7 
by  the  Chicago.  Burlington  &  Ouincy  cars,  which  in  18S6 
showed  the  least.  In  both  years  the  cars  were  of  the 
same  design,  but  in  1887  the  cars  were  new,  whereas  in 
1S86  they  had  run  over  10,000  miles.  The  difference  was, 
therefore,  probably  due  to  less  accurate  fitting  and  work- 
manship as  compared  with  the  Pennsylvania  and  the  Illi- 
nois Central  cars,  which  were  also  new,  but  showed,  re- 
spectively, 1.64  and  1.29  lbs.  per  ton  less  friction  than  the 
Chicago,  Burlington  &  Ouincy  cars.  These  differences, 
insignificant  as  they  may  appear,  would,  in  running  1,000 
miles,  necessitate  an  extra  amount  of  haulage  power 
equivalent  to  surmounting  summits  4,330  and  3.415  ft. 
high  respectively,  or  greater  than  that  of  any  line  between 
the  Mississippi  and  the  Atlantic.  The  importance  of 
good  fitting  is  further  shown  by  the  Chicago,  Burlington 
&  Oumcy  cars  running  hot  when  loaded  after  the  resist- 
ance test's. 

The  Pennsylvania  and  the  Illinois  Central  cars  were 
built  at  the  company's  shops,  and  the  Chicago.  Burling- 
ton &  Ouincy  cars  were  built  by  a  contractor. 

Your  Committee  believe  from  these  experiments  that 
the  following  figures  represent  the  frictional  resistance  of 
long  trains  of  freight-cars,  in  good  repair,  running  over  a 
track  in  good  condition,  the  weather  being  fine  and  warm 
and  the  wind  light.  The  resistance  appears  to  be  con- 
stant at  speeds  of  from  12  to  25  miles  per  hour,  and  does 
not  appreciably  increase  with  an  increase  of  speed  within 
these  limits  : 


J^r/c-//, 


On  3' 


7/  rcsistiuice,  lbs.  per  ton  of  2,000  lbs.     Speeds  12  to 
2j  miles  per  hour. 


Good  lubrication  and  carefully  fitted  boxes  and  journals 
may,  with  cars  that  have  been  running  some  time,  decrease 
this  resistance  to  a  minimum  of  4  lbs.  per  ton  on  the  tan- 
gent, while  brake-shoes  rubbing  against  the  wheels,  and 
other  unfavorable  conditions,  may  increase  the  friction  on 
the  tangent  to  12  lbs.  per  ton,  and  to  considerably  more 
on  curves.  The  use  of  outside-hung  shoes  seems  to  in- 
crease the  resistance  on  curves  when  the  shoes  are  very 
near  the  wheels. 


Natural  Gas  in  Kansas. 

The  last  report  of  the  Kansas  State  Board  of  Agricul- 
ture contains  an  article  by  Mr.  Robert  Hay,  of  the  United 
States  Geological  Survey,  on  Natural  Gas  in  Eastern  Kansas, 
which  contains  the  fullest  statement  regarding  the  history 
and  extent  of  the  oil  and  gas  regions  of  that  State  thus 


far  given  to  the  public.  The  history  of  its  development 
is  similar  to  the  history  in  other  places.  Gas  has  been 
found  in  prospects  for  oil,  and  has  been  developed  from 
Surface  indications— actual  escapes  from  the  soil  or  rocks — 
which  have  been  known  for  long  periods.  Prof.  Mudge, 
in  his  report  for  1864.  states  that  petroleum,  both  as  oil 
and  bitumen,  is  found  all  down  the  eastern  tier  of  counties 
from  Atchison  to  Cherokee.  A  boring  of  300  ft.  on  the 
banks  of  the  Wea,  one  mile  from  Paola,  was  made  in  1874. 
In  1882,  a  well  was  bored  on  the  Westfall  place,  which 
gave  gas  in  considerable  (|uantity.  The  driller,  Mr.  War- 
ner, then  formed  the  Kansas  Oil  iK:  Mining  Company, 
under  an  old  lease.  This  has  been  changed  to  the  Paola 
Gas  Company.  This  company  has  bored  some  wells  about 
the  town,  but  three  wells  on  the  Westfall  place  are  the 
sources  from  which  it  is  now  supplying  gas  as  an  illumi- 
nant  and  fuel  to  the  town  of  Paola.  over  seven  miles  dis- 
tant. Tested  by  a  steam-gauge,  the  gas  has  a  pressure  of 
66  lbs.  to  the  square  inch.  The  depths  at  which  gas  is 
obtained  in  these  wells  varies  from  28S  to  304  ft.  Fort 
Scott  has  begun  the  use  of  natural  gas.  and  has  struck  it 
in  a  well  yielding  four  barrels  per  day.  Southwest  of  that 
town,  on  the  banks  of  the  Marmaton  River,  gas  has  been 
escaping  for  at  least  a  quarter  of  a  century.  The  Fort 
Scott  Economy  Fuel  Company,  of  which  Major  Knapp  is 
the  Superintendent,  has  drilled  four  wells,  three  of  which 
are  yielding  an  abundant  supply  of  gas.  The  three  pro- 
ductive wells  form  the  apices  of  a  triangle  nearly  equilat' 
eral.  whose  sides  are  just  under  700  ft.  in  length.  The 
distance  from  town  is  little,  as  the  farm  abuts  on  the  city 
boundaries.  Mains  have  been  laid,  and  the  gas  is  now  in 
use  in  Fort  Scott  hotels,  private  houses,  etc.  At  Wyan- 
dotte, or  in  what  is  now  Kansas  City,  Kan.,  there  are 
three  wells  of  which  the  gas  is  being  utilized — one  at  a 
flour  mill,  one  at  a  planing  mill  and  one  at  the  pressed 
brick  works.  At  the  two  former,  the  gas  is  turned  into 
the  furnace  under  the  steam  boiler  and  is  estimated  to 
save  from  10  to  20  per  cent,  of  the  coal.  At  the  brick 
works,  it  is  used  in  the  same  way.  Another  well  at  Wyan- 
dotte is  blowing  off  gas  and  some  oil  which  are  not  util- 
ized at  all.  There  are  also  wells  at  lola.  La  Cygne,  Girard 
and  Independence. 

Gas  in  small  quantities  has  been  noticed  elsewhere,  and 
oil  has  similarly  been  found  as  far  we'^t  as  Manhattan,  and 
many  towns  are  now  prospecting  for  gas  and  oil.  Ottawa 
is  about  to  begin,  and  a  company  has  been  formed  for  the 
purpose  at  Wichita  and  at  Ouenemo. 

Over  the  border,  in  Missouri,  oil  and  tar  springs  and 
wells  have  long  been  known.  There  is  a  gas  well,  not 
utilized,  in  Vernon  county,  14  miles  east  of  northeast  from 
Fort  Scott,  and  6  miles  north  of  Deerfield,  and  in  Kansas 
City  there  are  several,  some  of  which  are  utilized. 


A  New  Method  of  Making  Tubes  from  Solid  Bars. 


[Paper  read  before 


orge  H.  Babe 


1  Engineers  by 


We  have  all  heard  of  the  Irishman's  method  of  making 
a  cannon  by  "taking  a  hole  and  pouring  melted  iron 
around  it,"  but  it  has  been  reserved  for  a  German  actually 
to  do  a  similar,  or  apparently,  an  even  more  difficult  thing 
— to  take  a  hole  and  force  a  bar  of  wrought-iron  or  steel 
around  it !  We  are  familiar  with  the  process  of  drilling 
and  punching  for  perforating  metals,  but  here  comes  a 
man  who.  ignoring  all  such  makeshifts,  by '■external  ap- 
plications only  " — as  a  skillful  physician  treats  an  internal 
congestion — rolls  a  hole  into  the  middle  of  a  solid  rod, 
thus  forming  it  into  a  tube  !  What  makes  the  hole  }  Ap- 
parently like  the  boy's  whistle,  it  "  does  itself." 

Seriously,  this  is  no  joke.  The  specimens  which  I  have 
the  privilege  of  exhibiting  to  the  Society  tell  their  own 
story,  and  scarcely  need  the  evidence  of  the  eye  witness 
who  saw  them  made,  and  who  loaned  them  for  this  pur- 
pose. As  yet,  the  process  has  not  been  worked  in  this 
country,  but  it  is  in  practical  operation  in  Germany.  It 
is  the  invention  of  two  brothers  named  Mannesmann,  of 
Remscheid,  and  the  modus  operandi  is  as  difficult  to  un- 
derstand and  explain,  as  was  Giffard's  injector  or  Bohnen- 
berger's  gyroscope. 
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The  apparatus  necessary  to  effect  the  result  consists  of 
two  rollers  slisihtly  conical,  the  axes  of  which  arc  in  differ- 
ent planes — or  form  two  lines  in  a  twisted  surface — their 
nearest  approach  being  at  or  near  the  bases  of  the  cones. 
The  surface  of  the  cones  may  be  threaded  in  such  a  way 
that  they  tend  to  draw  a  body  rolling  between  them 
toward  their  larger  ends.  The  bar  to  be  operated  upon 
should  be  approximately  round,  and  its  end  is  to  be  in- 
serted while  hot  between  the  cones,  its  axis  being  inter- 
mediate at  all  points  to  the  axes  of  the  rollers.  The  action 
of  the  cones  is  to  draw  out  and  twist  the  bar,  during  which 
operation  a  hollow  forms  in  its  axis,  and  when  the  bar 
emerges,  it  is  a  tube  with  a  somewhat  rough  but  approxi- 


have  undergone  operations  of  expanding,  flanging,  flat- 
tening, etc.,  which  would  try  the  temper  and  quality  of 
any  respectable  tube.  Brass  and  copper  tubes  made  by 
the  same  process  are  also  shown. 


THE  SELLERS  TOOL  GRINDER. 

E\  ERYON'K  who  has  ever  had  experience  in  conducting 
a  machine  shop  knows  how  much  time  is  taken  up  in 
grinding  the  cutting  tools  used  in  the  lathes,  planers  and 
other  machine  tools;  and   knows  also  the  difficulty  ex- 


TooL  (;ri\dixc-,  ma(  n 

MADE    BY    WM.    SELLERS   .^    CO.,    PI 


mately  cylindrical  and  concentric  bore,  the  surface  of 
which  shows  a  decided  twist. 

Among  the  exhibits  is  a  bar  which  was  drawn  down  at 
each  end  before  going  through  the  mill,  so  that  no  action 
took  place  at  these  ends.  This  bar,  after  cooling,  was 
broken,  and  shows  conclusively  by  the  color  and  character 
of  the  bore,  that  no  tool  and  not  even  the  air  touched  it 
during  the  operation,  the  interior  having  the  same  appear- 
ance as  the  fracture. 

The  tubes  thus  formed  are  applicable  directly  for  some 
purposes,  but  by  a  proper  formation  of  the  rolls  behind 
the  bases  of  the  cones,  or  additional  pairs  of  rolls,  with 
suitable  mandrel  or  mandrels,  this  tube  may.  at  the  same 
heat,  be  expanded  and  finished  into  a  regular  weldless 
boiler  tube  or  gas  pipe ;  or  this  may  be  done  at  a  separate 
operation. 

That  the  metal  is  not  harmed  by  this  rather  rough 
handling  may  be  inferred  from  specimens  of  tubes,  which 


perienced  in  securing  anything  like  uniformity  in  the 
shapes  of  those  tools,  not  only  from  the  practical  diffi- 
culty of  making  uniform  shapes  in  the  ordinary  way  of 
grinding,  but  also  from  the  variety  of  ideas  prevailing 
among  the  workmen. 

The  accompanying  illustration  shows  a  grinding  ma- 
chine now  in  use  in  the  shops  of  William  Sellers  &  Co. 
in  Philadelphia.  It  is  the  result  of  a  gradual  evolution 
and  its  present  perfected  form  is  due  to  a  recognition  of 
the  difficulties  above  referred  to  and  a  determination  to 
meet  them  in  the  best  practicable  way.  In  its  present 
form  the  machine  is  capable  of  a  very  wide  range  of 
work,  grinding  and  sharpening  cutting  tools  of  almost 
every  shape  that  can  possibly  be  needed.  Some  of  these 
shapes  are  shown    in   the  engravings  printed   herewith 
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and  a  still  greater  number  might  be  added,  were  there 
space  to  give  them. 

The  machine,  as  shown,  is  arranged  with  a  grinding- 
wheel  mounted  in  a  cast-iron  frame  forming  a  large  tank 
provided  with  a  pump  for  flooding  the  tool  with  water 
while  bemg  ground,  and  with  suitable  shields  to  prevent 
throwing  water  on  the  working  surfaces,  the  floor  or  the 
operator.  It  has  slide  rests,  by  which  a  vertical  and  two 
horizontal  motions  at  right  angles  with  eacli  other,  can 
be  imparted  to  the  tool-holding  chuck.  This  machine  is 
adapted  to  grind  all  the  faces  of  almost  any  kind  of  lathe, 
planer,  slotter  or  shaper  tools.  It  will  grind  all  the  faces 
of  a  tool  whose  cutting  edges  are  formed  by  the  intersec- 
tion of  plane  faces,  without  altering  the  position  of  the 
tool   in  ihr  cliuck.     The   chuck    can    lie  rotated    in   two 


gether  with  their  angles  and  the  position  of  the  chuck 
when  grinding  them.  4.  A  diagram  showing  nine  dif- 
ferent shapes  of  either  right  or  left  hand  tools  and  a 
former-plate  for  grinding  them.  This  diagram  gives  the 
top-rake  and  clearance  of  seven  sizes  of  tools  from  Yz 
in.  to  2  in.  of  each  standard  shape,  or  63  in  all.  These 
diagrams  are  those  used  in  the  Sellers  Works  and  are 
the  result  of  experience  and  experimenting;  they  can, 
of  course,  be  modified  to  suit  those  whose  ideas  may  dif- 
fer. 5.  A  table  of  circular  tools,  from  )4  in.  to  2>4  in. 
diameter,  which  the  machine  grinds  perfectly. 

A  feature  of  the  machine  is  the  shape  of  the  face  of  the 
stone,  as  seen  in  the  engraving.  The  stone  is  so  adjusted 
that  if  the  faces  wear  unequally  it  can  be  lifted  off  and 
reversed    by  merely  taking  a  niu   ofT   from    the   conical 


planes  at  right  angles  with  each  other,  the  e.\act  amount 
of  rotation  being  indicated  by  graduated  circles  and  ver- 
niers, so  that  any  desired  angle  of  tool  or  of  clearance  can 
be  accurately  obtained.  Means  are  provided  by  which 
any  sample  tool,  whether  ground  by  hand  or  otherwise, 
can  be  used  as  a  template  for  grinding  a  "  former-plate  " 
to  be  afterward  used  for  the  reproduction  of  the  shape  of 
this  sample  tool. 

With  the  machine  are :  i .  A  chuck  by  which  any  desired 
curved  face  fcr  roughing  tools  can  be  ground  with  any 
desired  clearance.  This  operates  in  connection  with  a 
former-plate  to  determine  the  shape  of  the  curve,  and 
this  same  chuck  is  used  without  a  former-plate  for  grind- 
ing round-nose  tools.  2.  A  holder  by  means  of  which 
the  base  of  any  tool  or  the  side  on  which  it  rests,  can  be 
readily  ground  to  a  plane  surface.  3.  A  diagram  giving 
the  shapes  of   56  different  kinds  of   plain  face   tools,  to- 


bearing  and  using  the  small  crane  attacled  10  lift  the 
cover  off  and  move  the  stone. 

The  machine  does  not  require  the  services  of  a  skilled 
machinist  to  run  it;  an  intelligent  laborer  can  quickly  be 
taught  the  various  adjustments  required,  and  the  work 
can  then  be  done  with  far  more  certainty  than  by  skilled 
labor  in  the  old  way.  Very  quick  work  can  be  done,  and 
the  grinder  at  the  Sellers  Works  has  treated  350  cutters 
in  a  day. 

Besides  the  advantages  already  alluded  to  it  may  be 
added  that,  under  the  system  in  use  at  those  works,  there 
has  been  a  considerable  reduction  in  the  stock  of  tools 
which  it  is  found  necessary  to  carry.  In  the  case  of  thread 
cutters  and  special  tools  the  saving  of  time  and  in  securing 
uniformity  has  been  very  great.  It  may  also  be  added 
that  the  use  of  approved  forms  of  cutting  tools  results  in  a 
reduction  of  the  power  required  to  drive  machines  in  use. 
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BREAKAGE   OF   WHEELS   AND   TIRES   ON 
BRITISH    RAILROADS. 


lO( 


\itii  from  /'itge  2S^.\ 


Wk  continue  below  the  record  of  accidents  on  British 
railroads  from  breakages  of  wheels  and  tires,  which  was 
begun  in  the  June  number  of  the  Journal,  and  the  pur- 
pose and  object  of  which  were  there  explained.  The 
record  then  closed  with  the  year  1864,  and  is  now  taken 
up  from  that  point. 

ACCIDENT    REPORTS. 

March  21.  1S65,  express  trafn  on  Great  Western  Railway 
was  derailed  near  Goring  by  the  breaking  of  a  tire  under 
a  passenger  car.  The  train  ran  over  5  miles  before  the 
engine-driver  saw  that  something  was  wrong  and  put  on 
the  brakes.  The  tire  gave  way  at  the  weld,  which  was 
very  defective,  and  opened  out  some  13  in.  It  was  fast- 
ened in  its  place  by  a  ring  or  circular  key  riveted  down 
over  the  rim  of  the  wheel  center,  but  when  the  tire  broke 
this  ring  came  off  altogether  and  dropped  on  the  road-bed. 
The  wheel  center  was  broken  to  pieces  by  hammering 
over  the  ties  and  ballast. 

November  12,  1S66,  a  mixed  train  on  the  North  British 
Railway  was  thrown  from  the  track  near  Spittal  by  a 
broken  tire  under  a  freight  wagon.  All  the  passenger 
cars  left  the  rails,  and  one  of  them  was  badly  broken  up. 
The  broken  tire  was  nearly  new  and  was  2  in.  thick  on  the 
tread;  it  was  fastened  to  the  wheel  center  by  four  Jt'-in. 
rivets.  At  the  place  where  it  broke  a  bad  flaw  was  appar- 
ent in  the  iron. 

March  23.  1867,  the  locomotive  of  a  passenger  train  on 
the  Glasgow  &  Southwestern  was  thrown  from  the  track 
near  Kirkconnell  by  the  breaking  of  a  driving-wheel  tire 
on  the  engine,  while  running  about  40  miles  an  hour.  The 
engine  ran  completely  off  the  line  and  upset,  injuring  the 
fireman.  The  driving-wheels,  a  single  pair,  were  74  in. 
diameter;  the  tire  was  cast-steel,  originally  1]%  in.  on 
tread,  but  reduced  by  wear  and  turning  off  to  1%  in.  It 
had  been  shrunk  on  the  wheel  and  secured  to  if  by  six 
tapering,  countersunk  bolts  yi,  in.  in  diameter  and  having 
a  shoulder  about  j',,  in.  some  ^4  in.  from  the  face  of  the 
tire.  The  tire  broke  through  one  of  the  bolt-holes,  and 
there  was  a  flaw  in  the  steel  extending  from  the  bolt-hole 
to  the  bend  of  the  flange.  The  solid  metal  remaining  was 
only  about  one-half  the  sectional  area  of  the  tire.  The 
flaw  extended  to  the  surface  and  might  have  been  seen  in 
the  form  of  a  fine  crack.  The  engine  had  been  in  the 
shop  three  months  before  and  had  the  tires  turned  off. 
In  this  case,  the  first  in  this  list  of  steel  tires,  the  Inspec- 
tor says  :  "I  understand  from  the  Locomotive  Inspector, 
Mr.  James  Stirling,  that  cast-steel  tires  were  introduced 
on  this  road  in  July,  1861,  and  since  that  time,  including 
the  present  case,  four  altogether  have  broken.  *  *  It 
is  apparent,  from  what  has  happened  on  this  line  since 
cast-steel  rolled  tires  were  introduced  in  1861,  that  some 
more  efficient  mode  of  fastening  such  tires  to  the  wheels 
than  has  been  hitherto  adopted  by  this  company  is  neces- 
sary for  safety.  There  are  many  methods  well  known, 
which  might  be  adopted,  free  from  the  very  obvious  de- 
fect, which  is  inseparable  from  the  process,'of  materially 
weakening  the  tires  by  drilling  bolt-holes  through  them, 
and  I  cannot  think  that  any  railway  company  is  justified 
in  fastening  tires  to  wheels  by  such  a  process,  'if,  how- 
ever, it  be  contended  that  the  drilling  of  such  holes  does 
not  render  the  tire  more  liable  to  break  when  it  has  been, 
as  in  this  instance,  reduced  to  about  one-half  its  original 
thickness,  it  is  quite  evident  that  a  much  larger  number 
of  bolts  should  be  made  use  of  to  prevent  tires  from  flying 
off  the  wheels  when  they  do  break  under  such  circum- 
stances as  have  been  detailed  respecting  this  accident." 

November  27,  1868,  a  passenger  train  on  the  Great 
Eastern  Raihvay  was  thrown  from  the  track  by  the  break- 
ing of  a  tire  on  a  trailing  wheel  of  the  engine.  The  tire 
broke  into  four  pieces,  respectively  i  ft.  4  in.,  2  ft.  7  in.,  7 
ft.  and  7  ft.  3  in.  long.  ( )ne  of  the  broken  pieces  threw 
off  a  carriage,  injuring  three  passengers.  The  tire  was 
Krupp  steel,  had  been    running    5  years   and    had   been 


turned  down  to  about  i  %  in.  on  the  tread.  It  was  fast- 
ened on  the  center  by  hammering  down  the  rim  on 
wedge-shaped  keys.  In  this  case,  one  of  the  hammered 
portions  of  the  rim  gave  way,  allowing  a  key  to  fall  out, 
and  the  tire  to  begin  working;  this  was  probably  followed 
by  the  shifting  of  the  tire.  The  Inspector  doc's  not  con- 
sider this  method  of  fastening  tires  a  good  one. 

November  2,  1868,  an  express  train  on  the  Northeastern 
Railway  was  derailed  near  Hunslet  by  the  breaking  of  the 
tire  on  a  leading  wheel  of  the  engine.  The  tire  broke  at 
the  weld  and  came  off  the  wheel  altogether  ;  it  was  of 
wrought-iron,  originally  2'+  in.  thick,  but  reduced  to  i  js 
in.  by  turning  and  wear.  It  had  run  14.285  miles  before 
being  turned  and  1.864  miles  since.  It  was  held  to  the 
wheel-center  by  six  yi-in.  tap-bolts,  all  of  which  broke  off 
close  to  the  inside  of  the  tire.  The  weld  was  a  very  im- 
perfect one.  In  this  case  the  Inspector  says  :  "The  ques- 
tion naturally  arises  whether,  so  long  as  welded  tires 
fastened  only  by  bolts  continue  to  be  used  for  the  wheels 
of  railway  rolling  stock,  some  effectual  mode  of  testing 
the  soundness  of  the  welds,  particularly  after  the  tires 
have  been  turned,  ought  not  to  be  devised." 

October  31,  1869,  a  passenger  train  on  the  Vale  of  Towy 
Railway  was  thrown  from  the  track  between  Llanwrda 
and  Glwnrhyd  by  the  breaking  of  a  tire  on  a  leading  wheel 
of  the  engine.  The  tire  broke  into  five  pieces.  3 '4  ,  2j4,3, 
I  ,'4  and  2  '4  ft.,  respectively.  The  tire  was  fastened  to  the 
center  by  6  bolts,  and  was  dovetailed  on  the  wheel  also ; 
it  was  of  cast-steel,  The  probable  cause  of  fracture  was 
that  the  tire  was  made  of  too  hard  steel,  and  was  put  on 
the  wheel  too  tight,  that  is,  was  shrunk  too  much  in  put- 
ting It  on. 

June  7,  1870,  seven  carriages  of  an  excursion  train  on 
the  Lancashire  &  Yorkshire  road  were  thrown  from  the 
track  near  Hoghton,  and  one  of  them  went  over  a  bank, 
killing  2  passengers  and  injuring  27.  The  cause  was  a 
broken  tire  under  a  carriage.  It  was  a  new  tire,  in  use 
I  only  two  months,  made  of  Bessemer  steel  and  i  J4  in. 
thick  on  tread  ;  it  was  shrunk  on  the  wheel  and  secured 
by  4  wrought-iron  rivets,  tapering  from  i  to  ^4"  in.  diam- 
eter. The  rivet  holes  were  drilled.  Tests  of  the  broken 
tire  showed  that  the  metal  was  very  brittle. 

December  26,  1870,  passenger  train  on  Great  Northern 
line  ran  off  the  track  at  Marshmoor,  owing  to  the  fracture 
of  a  tire  under  a  brake-van.  The  engine  broke  loose  and 
went  on,  but  6  cars  were  derailed  and  2  badly  wrecked, 
killing  8  and  injuring  3  persons.  In  this  case  the  tire  was 
steel,  42  in.  diameter,  nearly  new,  and  was  dovetailed  into 
the  center  in  front,  and  secured  at  the  back  by  8  clips  or 
keys  fitting  into  a  recess  in  the  tire.  There  were  also  4 
screws,  'A  in.  diameter,  running  through  the  rim  and 
about  half  the  thickness  of  the  tire.  It  broke  in  6  pieces. 
From  evidence  taken  it  seems  that  the  tire  was  very  hard  ; 
the  weather  at  the  time  was  cold,  and  the  road-bed  very 
hard. 
I  January  3,  1871,  passenger  train  on  Midland  Great  West- 
ern (Ireland)  was  derailed  near  Oranmore  by  broken  tire 
under  a  passenger  carriage.  Th^  tire  broke  in  two  places, 
a  piece  18  in.  long  being  thrown  completely  off  the  wheel. 
No  flaws  were  found.  The  tire  was  iron,  and  was  fastened 
to  the  wheel  by  Cabry's  patent,  one  edge  of  the  tire  being 
grooved  and  fitted  on  to  the  outside  of  the  rim  of  the 
wheel-center,  and  the  lap  on  the  outside  of  the  tire  being 
hammered  down  over  the  inside  edge  of  the  rim. 

January  5,  1871,  passenger  train  on  London  &  North- 
western was  derailed  at  Holme  station,  wrecking  several 
carriages,  injuring  the  guard  and  5  passengers.  The  acci- 
i  dent  was  caused  by  the  breaking  of  a  tire  under  a  brake- 
van.  An  extensive  flaw  was  found  in  the  weld  (where  the 
tire  broke)  which  appeared  at  the  surface  as  a  slight 
crack.  The  tire  was  originally  2  in.  thick,  but  had  been 
worn  and  turned  down  to  i^t.  '"•  A  second  break  was 
through  a  bolt-hole.  The  Inspector's  report  says  :  •;  The 
tire  was  of  iron  of  good  quality,  and  fixed  on  the  inner 
rim  of  a  wrought-iron  wheel  having  9  spokes,  by  means 
of  5  conical-headed  countersunk  wrought  bolts  :'4  in. 
diameter,  with  screw-nuts  on  the  inside  of  the  inner  rim 
or  sole  of  the  wheel-center.  *  *  The  London  &  North- 
western and  the  Caledonian  companies  have  for  many 
[    years  used  Mansell's  wheels,  and  I  am  not  aware  that  any 
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case  has  arisen  in  which  a  tire  fastened  on  by  this  method 
has  flown.  *  *  This  accident  points  out  conclusively 
that  wlieels  with  tires  fastened  on  as  this  one  was  should 
not  be  run  at  all  on  passenger  trains.  It  is  certain  that 
the  public  traveling  on  railways  in  these  carriages  are  sub- 
jected to  increased  risk  from  this  cause  in  very  severe 
weather;  no  matter  whether  the  liability  to  fracture  be 
due  to  the  rigidity  of  the  road-bed,  to  the  greater  strain 
on  the  tire  by  its  contraction  from  frost,  to  the  possibility 
of  its  being  more  brittle  in  frosty  weather,  or  to  combined 
action  of  all  these  causes.  The  increased  risk  is  certainly 
incurred,  and  it  is  high  time— 10  years  since  this  risk  was 
first  made  clearly  apparent  during  the  winter  of  1860-61, 
and  the  means  of  avoiding  it  clearly  pointed  out  by  the 
officers  of  the  Board  of  Trade— that  it  should  be  incurred 
no  longer." 

January  5.  1871,  passenger  train  on  the  Manchester, 
Sheffield  &  Lincolnshire  line  was  derailed  near  Hunting- 
don by  a  broken  tire  under  a  passenger  carriage.  Four 
persons  were  hurt.  The  tire  was  of  steel,  shrunk  on  and 
fastened  with  fojr  -•+-ir..  rivets;  it  was  an  old  tire,  and  was 
worn  down  to  i  \s  .n.  thick  on  tread.  It  broke  into  6 
pieces.  There  was  a  slight  flaw  perceptible  at  one  of  the 
breaks.  This  accident  again  shows,  says  the  Inspector,  the 
need  of  better  methods  of  fastening  tires  to  the  wheels. 

January  17,  1871,  passenger  train  on  Midland  line  was 
derailed  near  Draycott  by  a  broken  tire  under  a  passenger 
carriage.  The  tire  was  of  iron,  fastened  on  by  4  bolts, 
tapering  from  1  '/%  to  V  in.  diameter.  It  broke  into  3 
pieces.     This  was  another  case  of  poor  fastenings. 

November  9,  1871,  passenger  train  on  Great  Western 
line  was  derailed  near  Windsor  by  the  breaking  of  a  wheel 
under  a  passenger  carriage.  This  was  a  Mansell  wheel, 
43  in.  diameter.  This  wheel  is  made  with  a  steel  or  iron 
tire  and  a  cast-iron  hub,  the  space  between  being  filled  by 
an  annular  disk  of  teak  wood,  made  up  of  16  pieces,  3'i' 
in.  thick  and  about  15  in.  long.  The  hub  has  a  circular 
flange  on  one  side,  and  a  heavy  washer  slips  over  the 
other  end,  the  two  being  bolted  together  by  8  bolts,  hold- 
ing the  wood  blocks  at  that  end.  On  the  outer  end  the 
tire  is  made  with  a  dovetail  on  each  side  and  two  circular 
iron  rings,  which  fit  into  the  dovetail  and  project  con- 
siderably beyond  the  inside  of  the  tire.  These  rings  are 
fastened  by  16  bolts,  one  passing  through  each  section  of 
the  wood.  In  this  case  most  of  the  wood  broke  from  the 
center,  leaving  an  irregular  rim  and  the  tire  with  no  cen- 
ter. Only  one  of  the  bolts  was  broken.  The  wheel  is  to 
be  improved  in  the  future  by  increasing  the  size  of  the 
bolts  and  putting  in  a  larger  hub.  The  Inspector  calls 
this  a  very  good  wheel. 

November  8,  1S71,  passenger  train  on  Midland  line  was 
derailed  near  Kingsbury  Wood  by  a  broken  tire  on  a 
driving-wheel  of  the  locomotive.  This  tire  was  of  steel, 
6  ft.  6  in.  diameter,  had  run  80,110  miles,  and  had  been 
turned  and  worn  down  from  2)i  in.  to  i^  in.  thick  on 
tread.  It  broke  into  two  pieces,  showing  an  old  flaw  at 
one  of  the  breaks. 

November  10,  1871,  passenger  train  on  Midland  line  was 
derailed  at  Borrowash  by  broken  tire  on  a  locomotive 
driving-wheel.  This  tire  was  of  crucible  steel,  had  run 
87,800  miles  and  had  been  three  times  turned  up;  it  was 
i^  in.  thick,  having  been  reduced  from  an  original  2^8 
in.  It  was  shrunk  on  the  wheel-center  and  secured  to  it 
by  seven  Ji-'n.  screws  tapped  into  the  tire  about  i  in. 
from  the  inside.  The  tire  broke  into  three  pieces  and  was 
badly  distorted  in  shape.  In  this  and  the  preceding  case, 
the  want  of  better  fastenings  for  the  tire  is  blamed  for 
most  of  the  damage  done. 

November  12,  1 871,  express  train  on  Northeastern  Rail- 
way was  thrown  from  the  track  near  Learnside  by  broken 
tire  on  a  leading  wheel  of  the  locomotive.  The  whole 
train  left  the  track  and  two  carriages  upset,  injuring  3 
passengers.  The  broken  tire  was  nearly  new  ;  it  was  of 
cast-steel,  was  54  in.  in  diameter  and  2>2  in.  thick  on 
tread.  It  had  a  flange  on  the  outer  face  bearing  against 
the  rim  of  the  wheel-center,  and  was  fastened  to  the  center 
by  four  |4f-in.  countersunk  bolts.  It  broke  into  four 
pieces.  It  appears  that  the  steel  was  very  hard,  so  that 
the  workmen  in  the  shop  complained  that  all  their  tools 
were  dulled  in  turning  it  up. 


I  itM nnliLr  1,  1871,  passenger  train  on  the  Northeastern 
line  was  derailed  near  Killingworth  by  a  broken  tire  under 
a  van  or  "  horse-bo.x,"  half  of  the  train  leaving  the  rails 
and  injuring  2  trainmen  and  7  passengers.  The  train  ran 
nearly  a  mile  before  it  stopped.  The  tire  was  of  cast-steel 
rolled  out,  had  been  running  over  four  years  and  had  worn 
down  from  2  to  i  V  i"-  on  tread.  It  broke  into  3  pieces. 
\'/z.  3  and  S'i  ft-  long,  respectively.  None  of  the  breaks 
were  at  bolt-holes,  but  one  of  them  showed  an  old  flaw 
extending  over  the  larger  part  of  the  sectional  area.  The 
tire  had  a  notch  or  lip  projecting  ;+  in.  over  the  rim  of 
the  wheel  in  front,  and  was  further  fastened  by  four  M^-in. 
countersunk  bolts.  The  Inspector  says  :  "  This  accident 
adds  another  testimony  to  the  extreme  importance  of 
securing  tires  to  wheels  by  some  method  which  shall  pre- 
vent their  leaving  them  in  the  event  of  fracture.  This  is 
more  needful  than  ever,  now  that  the  use  of  tires  of  so 
comparatively  uncertain  a  metal  as  steel  is  becoming 
general  " 

December  24,  1871,  passenger  train  on  Northeastern 
Railway  was  derailed  near  Ayclitfe  by  a  broken  tire  under 
a  passenger  car.  The  tire  was  of  cast-steel,  48  in.  diam- 
eter and  was  fastened  on  by  the  Beattie  method,  by  which 
a  projecting  lip  holds  the  tire  to  the  wheel-center  in  front, 
while- at  the  back  there  are  9  iron  clips  or  keys,  held  in 
place  by  hammering  down  over  them  a  projecting  lip  left 
on  the  tire  for  the  purpose.  The  tire  broke  into  3  pieces, 
respectively,  34,  44  and  78  in.  long.  From  marks  found 
it  was  believed  that  the  tire  first  broke  several  miles  back 
from  the  point  where  it  left  the  wheel  altogether.  The 
results  on  the  permanent  way  were  remarkable  ;  200  chairs. 
8  ties  and  i  steel  rail  (82  lbs.  section)  were  broken  and 
had  to  be  replaced. 

February  2,  1S72,  passenger  train  on  Lancashire  & 
Yorkhire  road  was  derailed  at  Cooper  Bridge  by  a  broken 
tire  under  the  tender.  The  tire  was  of  i  ontnd  riveted  ton 
the  wheel  by  four  }<;  in.  rivets.  The  Inspector  here  agai 
takes  occasion  to  recommend  improved  methods  of 
fastening. 

September  17,  1872,  passenger  train  on  Great  Southern 
&  Western  (Ireland)  was  derailed  near  Mallow  by 
a  broken  tire  under  a  passenger  carriage.  Of  this 
the  Inspector  says  :  "  The  tire  that  gave  away  was  of 
cast-steel,  made  at  Leeds  in  1870.  It  made  its  first  jour- 
ney in  August,  1870.  It  was  fixed  to  the  wrought- iron 
wheel  center  by  five  J4  in.  screw-bolts,  and  had  been 
shrunk  on  the  wheel,  the  amount  allowed  for  shrinkage 
being  0.05  in.  in  the  diameter.  The  tire  showed  very 
little  wear.  The  grain  of  the  metal  was  good  ;  but  when 
tried  in  a  hydralic  press,  the  steel  proved  to  be  brittle. 
It  broke,  without  yielding,  under  a  pressure  of  35  tons 
applied  at  the  center  of  a  22  in.  bearing.  *  *  It  is  im- 
possible to  prevent  tires  from  breaking.  All  those 
hitherto  manufactured  have  done  so  occasionally.  It  is, 
however,  possible  to  prevent  their  leaving  the  wheels 
when  they  do  break." 

October  16,  1S72.  passenger  train  on  the  Midland  line 
was  derailed  near  Dronley  by  broken  tire  under  a  pas- 
senger carriage,  killing  i  passenger  and  injuring  another. 
The  tire  was  of  iron,  39  in.  diameter  and  i;4  in-  thick  on 
tread  :  it  was  fastened  to  the  wheel-center  by  4  bolts. 
The  tire  broke  in  4  pieces,  3  of  the  breaks  being  at  bolt- 
holes. 

December  6,  1872,  passenger  train  on  Midland  Railway 
was  derailed  near  Ambergate  by  broken  tire  under  a 
passenger  car.  The  tire  was  iron,  fastened  by  4  conical 
rivets,  and  broke  through  a  rivet  hole.  Here  improved 
methods  of  fastening  are  again  recommended. 

In  the  period  covered  by  the  part  of  the  summary- 
given  above,  steel  tires  appear  in  considerable  number, 
although  iron  tires  caused  a  majority  of  the  accidents  and 
were  still  much  more  largely  in  use  than  steel.  With  the 
steel  tires  the  greater  number  of  accidents  seem  to  have 
been  caused  by  the  use  of  of  too  hard  steel,  lacking  in  the 
toughness  needed  in  a  tire. 

As  before,  the  accidents  were  almost  entirely  due  to 
the  breakage  of  tires.     Only    2   cases   of   broken   wheel- 
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centers  are  given  ;  I  of  those  was  the  result  of  ihe  broken 
tiie,  and  the  other  was  a  wheel  with  wood  center, 
which  failed  really  because  of  imperfect  construction,  tlie 
fastenings  of  the  wooden  blocks  to  the  hub  and  tire  being 
insufficient  to  stand  an  unusual  shock. 

It  must  be  remembered  that  the  accidents  here  noted 
are  only  those  in  which  the  Inspectors  were  required  to 
make  special  investigations  and  reports,  and  are  not  by 
any  means  all  of  those  which  happened  as  a  result  of 
breakages  of  wheels  and  tires. 

In  1871.  an  act  was  passed  by  Parliament  requiring 
railroads  to  make  full  reports  of  all  accidents  occurring  on 
their  lines.  The  imperfect  reports  for  1871  show  a  total 
of  19  broken  tires  and  4  broken  wheels.  Of  the  tires  5 
were  on  locomotive  wheels,  2  on  tender  wheels,  8  on 
passenger  and  4  on  freight  cars.  By  these  accidents  1 5 
persons  were  killed  and  1 5  injured. 

For  1S72  we  have  not  the  full  figures,  but  all  of  the 
important  accidents  were  investigated  and  appear  in  the 
record. 

The   later   reports,   from    1872   on,   are   very  full    and 
many  of  them  are  accompanied   by   illustrations  showing 
methods  of  construction  and  proposed  improvements. 
( To  be  coiilinued.) 


English  Railroad  Accidents  in  1886. 

The  report  of  the  Board  of  Trade  for  the  year  ending 
December  31,  1886,  gives  the  number  of  accidents  to 
trains  occurring  on  the  railroads  of  Great  Britain  and 
Ireland  during  the  year,  with  the  number  of  deaths  and 
injuries  to  persons  caused  thereby;  also  the  number  of 
deaths  and  personal  injuries  on  railroads  from  other  causes 
than  train  accidents. 

A  large  number  of  these  accidents  were  investigated  by 
the  inspectors  appointed  by  the  Board  ;  in  all  cases  which 
were  not  so  investigated  the  causes  reported  by  the  com- 
panies are  given  in  the  return  as  the  causes  of  the  acci- 
dents. 

The  number  of  train  accidents  given  in  the  report  is  as 
follows ; 


Between  passenger  trams 

Between  passenger  and  freight  trains 

Between  freight  trains 

With  projection  from  train  on  parallel  track. 


derailments: 


)  gates  at  crossings  or  stations 


Cattle  or  other  obstructions. 
Land  slides  and  wash-outs. 

Failures  of  equipment 

Failure  of  permanent  way  . 


OTHER  accidents: 


locomotives. 


Other  accidents S 

25 

Total  number  of  train  accidents 1.016 

The  report  does  not  distinguish  between  rear  and  but- 
ting collisions.  The  failures  of  equipment  mcluded  8 
broken  couplings.  329  broken  a.xles,  866  broken  tires  and 
only  I  broken  wheel.  The  failures  of  permanent  way  in- 
cluded 247  broken  rails,  and  6  broken  bridges,  viaducts 
and  culverts.  The  most  frequent  causes  of  derailments 
were  thus  broken  tires,  broken  axles  and  broken  rails. 

Of  the  broken  tires  18  were  under  locomotives,  6  under 
tenders,  20  under  passenger  cars,  18  under  brake-vans  and 
804  iinder  wagons  or  freight  cars;  727  of  these  tires  were 
of  iron,  137  of  steel,  and  in  2  cases  the  material  is  not 
stated.     It  is  to  be  noted  that  no  person  was  killed  or  in- 


jured in  any  of  the  accidents  due  to  broken  tires,  and  the 
same  statement  may  be  made  as  to  the  accidents  from 
broken  rails. 

The  number  of  passengers,  employes  and  others  killed 
and  injured  in  these  accidents  and  otherwise,  was  as  fol- 
lows : 


PASSENGERS  : 


Killed.     Injured. 


Total  passengers.. 


In  train  accidents 

In  coupling  or  uncoupling  cars 

Other  yard  and  switching  accidents. . 

Falling  from  trains,  etc.,  etc 

Trackmen,  watchmen,  etc 


OTHER   PERSONS: 


Total,  other  persons 


It  is  to  be  noted  that  10  passengers  were  killed  and  no 
less  than  496  injured  from  falling  on  platforms  or  road- 
bed while  getting  into  or  out  of  trains  ;  a  large  proportion 
of  these  injuries  were  slight,  however.  Thirteen  persons 
were  killed  and  17  hurt  "from  falling  out  of  carriages 
during  the  traveling  of  trains,"  which  seems  to  be  a  pecu- 
liarly English  class  of  accidents. 

As  in  this  country,  the  greater  number  of  employtis  were 
killed  or  injured  in  coupling  cars  and  other  yard  and 
switching  work.  A  very  considerable  number  were  killed 
and  injured  on  trains  in  motion  or  at  stations,  either  by 
falling  from  trains,  getting  on  or  oft'  trains  and  in  similar 
ways.  Trackmen  and  station  men  seem  to  run  about  as 
much  risk  there  as  here. 

The  small  number  of  casualties  at  grade  crossings  shows 
how  carefully  highway  crossings  are  guarded  in  Great 
Britain.  It  is  evident  that  people  will  walk  on  the  tracks 
of  a  railroad,  no  matter  how  carefully  it  is  fenced  in,  and 
that  so  many  tind  such  promenades  fatal  seems  to  have 
little  effect  in  deterring  them.  Human  nature  is  the  same 
on  both  sides  of  the  ocean,  and  the  danger  incurred  seems 
only  to  increase  the  temptation. 

The  total  number  of  casualties  resulting  from  the  oper- 
ation of  railroads  in  Great  Britain  last  year  w-as  thus  938 
killed  and  3.539  injured.  Of  these  casualties  only  \}i  per 
cent,  of  the  killed  and  i9=j  per  cent,  of  the  injured— 15I4' 
per  cent,  of  the  total — weie  in  train  accidents  proper. 


Electricity  for  Street  Railroads. 

(From  the  Eh-ctrUian  and  EUctrical  Engineer.^ 

It  sometimes  happens  that  a  person  unfamiliar  with 
optical  apparatus  is  best  able  to  appreciate  the  magnifying 
power  of  a  telescope  by  looking  at  familiar  objects  through 
its  larger  end,  and  not  unfrequently  the  true  condition  of 
other  problems  may  be  best  apprehended  by  viewing  them 
inversely.  Applying  this  method  to  a  question  of  great 
practical  importance  just  now  e.\-citing  public  interest,  let 
us  suppose  a  manufacturing  establishment  situated  in  the 
heart  of  a  city  like  New  York,  where  real  estate  is  held  at  a 
high  value,  in  which  150  machines,  each  requiring  10  me- 
chanical horse-power,  are  driven  by  the  ustial  equipment 
of  engines  and  boilers.  Now.  let  us  suppose  further  that 
the  New  York  State  Legislature,  in  the  exercise  of  the  in- 
telligent discretion  which  that  august  body  invariably 
applies  to  the  regulation  of  the  internal  affairs  of  the 
metropolis,  should  decree  that  on  and  after  a  certain  date 
'•  It  shall  not  be  lawful  to  operate  machinery  by  steam  or 
any  other  power  than  horse-power  within  the  limits  of 
said  city."  so  that  it  would  become  necessary  for  the  pro- 
prietors of  the  establishment  to  purchase  a  sufficient  num- 
berof  animals  to  supply  1,500  H.  P.  continuously,  together 
with  the  necessary  additional  real  estate  in  the  immediate 
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vicinity,  whereon  to  erect  buildings  and  furnish  st.il  K 
accommodations  for  the  few  thousand  head  of  live  sit^ck 
required,  and  to  add  the  cost  of  provender,  attendance, 
replacement,  etc.  We  imagine  that  the  parties  concerned 
would  regard  themselves  as  extremely  fortunate  if  the 
cost  of  power  under  the  new  conditions  proved  to  be  less 
than  five  or  si.\  times  as  much  as  before.  Vet  the  situ- 
ation we  have  pictured,  does  not  materially  exaggerate 
the  existing  condition  of  alTairs  in  respect  to  city  trans- 
portation. .\  single  street-railway  line  in  New  York  has 
in  service  about  350  cars  and  2,000  horses.  Not  less  than 
1,500  H.  P.  must  be  constantly  employed  in  the  movement 
of  the  traffic,  yet  it  would  probabiy  be  difficult  to  convince 
the  managers  of  this  or  any  similarly  situated  surface-rail- 
road company  that  the  whole  line  might  be  operated  by 
a  central  steam  plant  and  electric  motors,  at  something 
like  one-fourth  the  cost,  for  power,  of  the  existing  system. 
The  paper  of  Mr.  T.  C.  Martin,  read  at  the  recent  annual 
meeting  of  the  Electrical  Engineers,  showed  conclusively 
that  so  iar  as  the  use  of  electric  power  on  small  roads  with 
light  traffic  is  concerned,  tne  domam  of  experiment  has 
already  been  passed.  Electric  traction  has  become  a 
settled  tact,  and  from  present  indications,  nothing  can  be 
more  certain  than  that  the  smaller  street-railroad  systems 
of  the  United  States  will  adopt  the  new  method  as  rapidly 
as  the  required  machinery  can  be  constructed  and  applied. 
In  the  case  of  lines  in  larger  cities  with  heavier  traffic,  a 
similar  result  may  be  looked  for  at  no  distant  day.  No 
valid  reason  can  be  adduced  why  the  electric  system  may 
not  be  applied  to  the  more  important  lines  with  even 
greater  proportionate  economy  than  has  been  the  case 
with  small  roads.  It  is  probable  that  the  only  serious 
obstacle  to  the  change  will  be  the  spirit  of  caution  and 
conservatism  naturally  inherent  in  the  minds  of  the  man- 
agers of  corporations  having  thousands  and  even  millions 
of  dollars  invested  in  horse-power  plant,  which  will  lead 
them  to  ponder  long  and  carefully  before  committing 
themselves  to  an  innovation  so  radical,  and  necessarily 
accompanied  with  so  large  an  expenditure.  Nevertheless, 
the  advantages  of  the  electric  system  in  point  of  economy 
and  of  public  convenience  must  ultimately  prove  so  control- 
ling that  it  hardly  seems  probable  that  even  in  such  cases 
the  inevitable  change  will  be  long  delayed. 

Mr.  Martin's  summary  shows  that  there  are  now  running 
in  this  country  11  electric  railways,  equipped  with  68  mo- 
tors and  motor  cars,  and  that  a  much  larger  number  are 
either  under  contract  or  in  course  of  construction.  The 
systems  of  electric  distribution  from  a  central  station,  both 
by  conductors  and  by  accumulators,  have  proved  success- 
ful in  practice,  and  it  is  difficult  to  imagine  any  difficulties 
of  operation  which  cannot  be  surmounted  by  one  or  the 
other  of  these  methods,  or  by  a  combination  of  the  two. 
Investigations  and  comparisons  of  the  difTerent  methods 
of  electrical  propulsion  are  being  made  by  some  of  the 
largest  street-railway  companies  in  the  country,  and  such 
investigations  can  have,  we  are  confident,  but  one  result. 

The  table  given  in  Mr.  Martin's  paper,  which  is  referred 
to  above,  we  give  in  a  condensed  form  below  : 

ELECTRIC   R.\ILROADS    IN    AMERICA,   MAY,    1887. 

Place.  Length.  Motors.  Conductors. 

Baltimore,  Md 2  miles  6  Third-rail  and  overhead  wire, 

Los  .\ngeles,  Cal 3      "'  S  Single  and  double    "            *' 

Port  Huron,  Mich...  4     "  S  Single  overhead  conductor. 

Windsor,  Ont 2      *'  2  ''               "                 " 

Detroit,  .Mich.: 

Highland  Park i%"  3  Sunken  central  rail. 

Di.x  Road i^  "  4  Double  overhead  conductor. 

Appleton,  Wis 4'^**  8  "               "         wire. 

Scranton,  Pa sJi  "  3  Overhead  wire. 

Denver.  Col 3K  "  7  Conduit  for  series  system. 

Montgomery,  Ala 11    "  f3  Overhead  conductor. 

Kansas  City,  Mo 

Orange,  X.  J I2    "  1  Overhead  conductor. 

Boston   Mass i  "  '* 

The  Boston  road  is  a  short  line  used  for  moving  freight 
at  a  sugar  refinerj- :  the  motor  draws  a  load  of  10  tons. 
The  Windsor  and  Scranton  roads  ta'ke  power  from  the 
electric-light  stations.  At  .Appleton  a  turbine  wheel  fur- 
nishes power  to  run  the  dynamos  ;  at  the  other  places 
steam  engines  are  used. 

New  electric  railroads  are  now  in  course  of  construction, 
or  under  contract,  at  Pittsburgh  (3  roads) ;  Los  Angeles  ; 


1  ;ini;liamton.  N.  Y..  ^'/i  miles,  8  motor  cars;  Lima.  O.,  3 
miles.  6  cars;  San  Diego.  Cal.,  9  miles,  four  40  H.  P.  mo- 
tor cars:  Ansonia.  Conn..  3',  miles  (water  power) ;  New 
York  City  (for  I-"ulton  Street);  St.  Joseph.  Mo.,  20  cars  ; 
Mansfield,  <).;  Ithaca,  N.  V.;  Harrisburg,  Pa.;  Woonsocket, 
R.  I.;  Richmond,  Va.,  40  cars,  1 1  miles  of  track. 

Companies  have  been  formed  or  steps  taken  to  build 
and  operate  electric  roads  at  Flushing,  L.  I.  (2);  Lincoln, 
Neb.;  Brookline,  Mass.  (2) :  East  Cambridge,  Mass.;  New- 
ton, Mass.;  Boston,  Mass.:  Asbury  Park.  N.  J.;  Pelham 
Park,  N.  V.:  New  Brunswick,  N.  J.;  Plainfield,  N.  J.; 
Bayonne,  N.  J.;  Worcester,  Mass.:  Scranton,  Pa.;  Carbon- 
dale.  Pa.;  Philadelphia,  Pa.;  Reading,  Pa.;  Bangor,  Me.; 
Biddeford.  Me;  Westield,  Mass.;  Chicopee,  Mass.;  Mun- 
cie,  Ind;  Gratiot,  Mich.;  Tiffin,  O.:  Cincinnati.  O.;  Brook- 
lyn, N.  v.;  Coney  Island.  N.  Y.;  Rockaway,  N.  Y.;  Win- 
ston, N.  C;  Jacksonville,  Fla.;  Pensacola,  Fla.;  Birming- 
ham, Ala.:  Selma,  Ala.:  Atlanta,  Ga.;  Fort  Smith,  Ark.; 
Wichita.  Kan.;  San  Francisco:  San  Jose,  Cal.;  Newton, 
Kansas. 

An  English  Tram-Car  Wheel. 

The  accompanying  illustration  shows  an  English  street- 
car wheel  made  by  Thomas  Firth  &  Sons,  Limited,  of  the 
Norfolk  Works,  Sheffield,  and  shown  by  that  concern  at 
the  Manchester  Exhibition.  The  special  feature  of  the 
wheel  is  that  it  is  built  up  of  separate  parts.  The  tire  is 
of  cast-steel  and  is  bolted  to  the  flat,  wrought-iron  spokes 
by  S  bolts  passing  through  lugs  cast  on  the  inside  of  the 


tire  for  this  purpose  It  w  ill  be  seen  that  there  is  no  rim 
to  the  wheel,  the  tire  itself  forming  the  rim.  The  spokes 
are  set  in  a  cast-iron  hub,  as  shown.  The  total  weight  of 
the  wheel  is  163  lbs. 

It  is  claimed  that  this  makes  a  light  and  strong  wheel, 
and  that  there  is  the  further  advantage  that  when  the  tire 
is  worn  out  it  can  be  easily  and  quickly  replaced  by  a  new 
one. 

The  larger  cut  is  a  perspective  view  of  the  wheel ;  the 
smaller  is  a  section  of  the  tire. 


A  Novel  Feat  in  Casting  Iron. 


The  art  of  making  charcoal— if,  indeed,  so  crude  a  pro- 
cess is  worthy  of  being  dignified  by  the  name  of  an  art- 
dates  back  to  a  remote  antiquity,  and  has  been  practiced 
with  but  little  change  for  hundreds  of  years.  It  is  true 
that  some  improvements  have  been  recently  made,  but 
these  relate  to  the  recovery  of  certain  volatile  by-products 
which  were  formerly  lost.  Every  one  is  familiar  with  the 
appearance  and  characteristics  of  ordinary  charcoal,  yet 
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I  hope  to  show  you  this  evening  that  we  still  have  some- 
thing new  to  learn  about  its  qualities,  and  the  unexpected 
practical  uses  to  which  it  may  be  applied.  We  commonly 
regard  charcoal  as  a  brittle,  readily  combustible  sub- 
stance, but  we  have  before  us  bpecimens  in  which  these 
qualities  are  conspicuously  absent.  Take  a  piece  of  car- 
bonized cotton  sheeting,  which  may  be  rolled  or  folded 
over  without  breaking,  and,  as  you  see,  when 
placed  in  a  flame  of  a  Bunsen  burner,  the  libers  may  be 
heated  white-hot  in  the  air,  and  when  removed  from  the 
flame,  the  material  shows  no  tendency  to  consume.  Here, 
again,  we  have  a  piece  of  very  line  lace,  which  has  been 
similarly  carbonized,  and  displays  the  same  qualities  of 
ductility  and  incombustibility. 

These  carbonized  fabrics  may  be  subjected  to  much  more 
severe  tests  with  impunity,  and,  when  I  tell  you  that  they 
have  been  exposed  to  a  bath  of  molten  iron  without  in- 
jury, you  will  readily  admit  that  they  possess  some  quali- 
ties liot  ordinarily  associated  with  charcoal.  When 
removed  from  the  mold  in  which  they  were  placed  after 
the  iron  casting  had  cooled,  not  a  single  fiber  was  con- 
sumed, but  upon  the  face  of  the  casting  there  was  found 
a  sharp  and  accurate  reproduction  of  the  design,  thus 
forming  a  die.  This  die  may  be  used  for  a  variety  of 
purposes,  such  as  embossing  leather,  stamping  paper, 
sheet  metal,  etc.,  or  for  producing  ornamental  surfaces 
upon  such  castings.  Some  of  the  carbonized  fabrics  dis- 
played upon  the  table  are  almost  as  delicate  as  cobwebs, 
and  one  would  naturally  suppose  that  when  a  great  body 
of  molten  metal  is  poured  into  a  mold  in  which  they  are 
placed,  they  would  be  torn  to  fragments  and  float  to  the 
surface,  even  though  they  were  unconsumed,  yet  such  is  not 
the  case.  I  have  found  in  practice  that  the  most  delicate 
fabrics  may  be  subjected  to  this  treatment  without 
danger  of  destruction,  and  that  no  special  care  is  needed 
either  in  preparing  the  mold  or  in  pouring  the  metal.  I3y 
the  aid  of  the  megascope,  the  enlarged  images  of  some  of 
these  castings,  showing  the  delicate  tracery  of  the  pat- 
terns, will  now  be  projected  upon  the  screen,  and  you  can 
all  see  how  perfectly  the  design  is  reproduced. 

In  these  experiments  the  mold  was  made  in  green  sand 
in  the  ordinary  manner,  and  the  fabric  laid  smoothly  upon 
one  face,  being  cut  slightly  larger  than  the  mold,  in  order 
that  it  might  project  over  the  edge,  so  that  when  the 
molding  flask  was  closed  the  fabric  was  held  in  its  proper 
position.  As  the  molten  metal  flowed  into  the  mold  it 
forced  the  fabric  firmly  against  the  sand-wall,  and  when 
the  casting  was  removed  the  carbonized  fabric  was 
stripped  off  from  its  face  without  injury.  In  this  way 
several  castings  have  been  made  from  one  carbonized 
material.  These  castings  are  ai  sharp  as  electrotypes, 
whether  made  of  soft  fluid  iron  or  of  hard,  quick-setting 
metal.  The  peculiarity  is  owing  to  the  affinity  between 
molten  iron  or  steel  and  carbon;  the  molten  metal  tends 
to  absorb  the  carbon  as  it  flows  over  it,  thus  causing  the 
fabric  to  hug  the  metal  closely.  It  is  somewhat  analo- 
gous to  the  effect  of  pouring  mercury  over  zinc.  You 
know  that  when  mercury  is  poured  upon  a  board  it  runs 
into  a  globular  form  ;  it  does  not  wet  the  board,  so  to 
speak,  but  when  poured  upon  a  plate  of  clean  zinc  it  flows 
like  water  and  wets  every  portion  of  the  zinc  ;  or,  as  we 
say,  it  amalgamates  with  the  zinc  ;  so,  when  molten  iron 
is  poured  into  an  ordinary  sand  mold,  which  has  been 
faced  with  this  refractorily  carbonized  fabric,  it  wetsevery 
portion  of  it,  tending  to  absorb  the  carbon,  and  doubtless 
would  do  so  if  it  remained  fluid  long  enough,  but  as  the 
metal  cools  almost  immediately  there  is  no  appreciable 
destruction  of  the  fibers. 

Mr.  Outerbridge  then  exhibited  some  castings  which 
represent  a  very  interesting  and  novel  experiment.  In 
this  case,  the  piece  of  lace,  having  open  meshes  a  little 
larger  than  a  pin's  head,  instead  of  being  laid  upon  one 
face  of  the  mold,  was  suspended  in  it  in  such  a  way  as  to 
divide  it  into  two  equal  parts.  Two  gates  or  runners 
were  provided,  leading  from  the  sinking  head  to  the  bot- 
tom of  the  mold,  one  on  each  side  of  the  lace  partition;  the 
molten  iron  was  poured  into  the  sinking  head  and  flowing 
equally  through  both  runners,  filled  the  mold  to  a  common 
level.  The  lace,  which  was  held  in  position  by  having  its 
edges  imbedded  in  the  walls  of  the  mold,  remained  intact. 


When  ili<  I  , 1st  III-  u.is  cold,  it  was  thrown  upon  the  floor 
of  the  foundry  ami  separated  into  two  parts,  while  the  lace 
fell  out  uninjured,  and  the  pattern  was  found  to  be  re- 
produced upon  each  face  of  the  casting. 

The  question  naturally  arises:  Why  did  not  the  iron 
run  through  the  holes  and  join  together .'  The  answer 
may  be  found  in  the  fact  that  the  thin  film  of  oxide  of 
iron,  or  skin,  as  it  is  popularly  called,  which  always  forms 
on  the  surface  of  molten  iron,  was  caught  in  these  fine 
meshes,  and  thus  prevented  the  molten  metal  from  join- 
ing through  the  holes.  The  experiment  lias  been  repeated 
a  number  of  times,  and  it  is  found  that  the  meshes  must  be 
quite  small  (not  over  ,'„  in.  j ;  otherwise  the  metal  will  reun- 
ite. This  observation,  perhaps,  explains  the  cause  of  many 
obscure  flaws  found  in  castings,  sometimes  causing  them 
to  break  when  subjected  to  quite  moderate  strains.  We 
frequently  find  little  cold-shot  or  metallic  globules  im- 
bedded in  cast-iron  or  steel,  impairing  the  strength  of  the 
metal,  and  it  has  long  been  asked  :  "  What  is  the  cause  of 
this  defect?"  The  pellicles  have  been  carefully  analyzed 
under  the  supposition  that  they  might  be  alloys  of  iron 
and  nickel,  or  some  other  refractory  metal,  but  the  anal- 
ysis has  failed  to  substantiate  this  theory.  Is  it  not  prob- 
able that,  in  the  process  of  casting,  little  drops  of  molten 
metal  are  sometimes  splashed  out  of  the  stream,  which 
immediately  solidify  and  become  coated  with  a  skin  of 
oxide,  then  falling  back  into  the  stream  of  rapidly  cooling 
metal,  they  do  not  remelt,  neither  do  they  weld  or  amalga- 
mate with  the  mass,  owing  to  this  protective  coating, 
thus  forming  dangerous  flaws  in  the  casting.' 

The  process  of  carbonizing  the  delicate  fabrics,  leaves, 
grasses,  etc.,  is  as  follows  :  The  objects  are  placed  in  a 
cast-iron  box,  the  bottom  of  which  is  covered  with  a 
layer  of  powdered  charcoal  or  other  form  of  carbon,  then 
another  layer  of  carbon-dust  is  sprinkled  over  them,  and 
the  box  is  covered  with  a  close-fitting  lid.  The  box  is 
next  heated  gradually  in  an  oven,  to  drive  off  moisture, 
and  the  temperature  slowly  raised  until  the  escape  of 
blue  smoke  from  under  the  lid  ceases  ;  the  heat  is  then 
increased  until  the  box  becomes  white  hot ;  it  is  kept  in 
this  glowing  condition  for  at  least  two  hours ;  it  is  then 
removed  from  the  fire,  allowed  to  cool,  and  the  contents 
are  tested  in  a  gas  flame.  If  they  have  been  thoroughly 
carbonized,  they  will  not  glow  when  removed  from  the 
flame,  and  the  fibers  may  even  be  heated  white  hot  be- 
fore consuming. 

Of  course,  the  method  employed  to  carbonize  the 
materials  is  susceptible  of  variation,  but  the  scientific 
principles  involved  are  unchangeable  ;  they  are: 

1.  Partial  exclusion  of  air  and  substitution  therefor  of 
a  carbon  atmosphere. 

2.  Slow  heating  to  drive  off  moisture  and  volatile  ele- 
ments. 

3.  Intense  and  prolonged  heating  of  the  partly  charred 
objects  to  eliminate  remaining  foreign  elements,  and  to 
change  the  carbon  from  the  combustible  form  of  ordi- 
nary charcoal  to  a  highly  refractory  condition. 

Mr.  Outerbridge  further  states  that  he  now  has  some 
castings  made  from  carbonized  fine  damask  napkins,  and 
also  from  watered  silk,  showing  that  designs  formed  by 
the  weaving  of  the  threads  on  a  flat  surface  can  be  re- 
produced.  

THE  NEW  WARSHIPS. 

The  United  States  Navy  Department  is  now  inviting 
bids  for  five  new  vessels— Cruisers  Nos.  i,  4  and  5  and 
Gunboats  Nos.  3  and  4 — from  builders,  whose  bids  are  to 
be  presented  by  August  i  next,  and  has  under  considera- 
tion plans  for  two  other  and  heavier  vessels,  an  armored 
cruiser  and  an  armored  battle-ship.  For  the  last  two  bids 
have  not  yet  been  invited.  The  engravings  given  and  a 
part  of  the  descriptions  are  from  the  New  York  Herald. 
CRUISER  NO.    I,   THE   "NEWARK." 

This  vessel  is  to  be  a  partly  armored  cruiser  of  about 
4.000  tons  displacement,  and  is  to  cost  $1,300,000,  exclus- 
ive of  armament,  which  will  be  furnished  by  the  Depart- 
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ment.  The  vessel  will  be  a  twin-screw  steamer,  of  steel, 
much  resembling  those  described  below.  The  first  of  the 
accompanying  engravings  shows  an  outline  view  and  main 
deck  plan'of  the  Ni-wark.   ■ 

CRUISERS  NOS.   4   AND    v 

These  vessels,  which  are  represented  in  outline  in  the 
second  engraving  given,  are  to  be  twin-screw  cruisers 
310  ft.  long  on  the  water  line,  49  ft.  i '4  in.  ex- 
treme breadth.  iS  ft.  9  in.  mean  draught,  displacing  4,083 
tons.  They  are  to  have  machinery  of  10,500  indicated 
horse-power  under  forced  draught.  The  ma.ximum  speed 
is  19  knots,  rig  that  of  a  three-masted  schooner,  spreading 
5,400  square  feet  of  sail.  They  will  have  a  double  bottom 
extending  through  129  ft.  of  the  length.  The  framing  in 
this  portion  is  on  the  bracket  system.  Before  and  abaft 
the  double  bottom,  above  the  protective  deck,  Z-bars 
form  the  transverse  frames.  The  protective  deck,  which 
is  19  in.  above  water  line  amidships,  is  flat  across  the  top, 
with  sides  which  slope  down  to  a  depth  of  4  ft.  3  in.  below 
the  water  line.  The  horizontal  portion  is  2  in.  thick,  the 
slope  being  3  in.,  reduced  at  both  ends  to  i,'4  in.  It  ex- 
tends uninterruptedly  forward  and  aft.  and  protects  the 
machinery,  magazines  and  steering  gear,  the  machinery 
being  further  defended  by  the  disposition  of  the  coal 
bunkers.  The  main  hatches  in  this  deck  are  protected  by 
armor  bars  and  have  coffer  dams  extending  to  the  upper 
decks.  The  guns  are  carried  on  the  gun.  forecastle  and 
poop  decks. 

The  main  battery  will  consist  of  twelve  6-in.  breech- 
loading  rifles,  all  on  center  pivot  mounts,  with  2  in.  seg- 
mental steel  shields,  and  arranged  on  sponsons,  so  as  to 
obtain  the  greatest  possible  arc  of  fire.  The  forecastle, 
the  poop  and  the  bridges  have  been  as  much  as  possible 
availed  of  to  shelter  the  guns.  The  two  guns  forward  and 
the  two  guns  aft  converge  their  fire  a  short  distance  from 
the  ends  of  the  ship,  and  the  broadside  can  be  concentrated 
within  100  ft.  of  the  side.  Four  above-water  torpedo  tubes 
are  provided  on  the  berth  deck,  and  two  direct-ahead  un- 
der-water  torpedoes  in  the  bow.  The  secondary  battery 
is  composed  of  four  47-millimeter  revolvers,  four  57-milli- 
meter single  shots,  two  37-millimeter  revolvers  and  one 
short  Gatling. 

The  coal  capacity  is  850  tons.  The  complement  of  men 
300. 

The  vertical  keel  is  i7;'2  lbs.  per  square  foot,  and  39  in. 
m  depth  amidships;  the  flat  keel  plates.  20  lbs.  and  17 yz 
lbs.  The  stem  is  cast-steel,  shaped  and  supported  for 
ramming.  The  stern  post  and  rudder  are  also  steel  cast- 
ings, the  latter  15  in.  in  diameter  at  the  head.  Numerous 
water-tight  frames  are  worked  in  the  double  bottom,  and 
throughout  the  vessel  the  cellular  principle  is  carried  as 
far  as  practicable.  At  a  height  of  about  4  ft.  above  the 
protective  deck  the  berth  deck  is  placed,  the  space  be- 
tween the  two  being  greatly  subdivided  and  mainly  util- 
ized for  coal  stowage.  Bilge  keels  24  in.  in  depth  extend 
for  150  ft.  of  the  length.  When  in  action,  the  vessel  will 
be  directed  from  a  conning  tower  of  steel,  3  in.  thick, 
cylindrical  in  form,  located  on  the  forward  bridge.  There 
will  be  a  wooden  pilot  house  located  on  the  forward 
bridge  just  abaft  the  conning  tower  and  arranged  to  over- 
look the  latter.  The  tower  will  be  fitted  complete  with 
steering  wheel,  speaking  tubes  and  engine-room  telegraph  ; 
these  will  be  carried  below  the  protective  deck  through  a 
steel  tube  2)4  in.  thick  and  12  in.  diameter.  A  steam 
steerer  will  be  located  beneath  the  protective  deck. 

The  arrangements  for  pumping  and  drainage  are  verj- 
carefully  considered.  The  system  followed  may  be  de- 
scribed as  a  development  of  that  employed  in  the  Chicago. 
Pumps  are  connected  with  all  the  important  compart- 
ments. All  the  principal  water-tight  doors  and  the  sluice 
valves  are  arranged  to  work  from  the  berth  deck. 

The  ventilation  is  much  more  elaborate  than  in  the 
small  vessels.  Natural  ventilation  is  favored  as  far  as 
possible,  but,  in  addition,  all  living  and  other  spaces  below 
the  main  deck  are  carefully  ventilated  on  the  exhaust  sys- 
tem, the  blowers  being  entirely  distinct  from  those  used 
for  producing  the  force  draught  in  the  fire-room.  Large 
ducts  extend  forward  and  aft  on  the  protective  deck,  re- 
ceiving smaller  ducts  from  the  various  rooms  and  com- 


I  three  bladed  propellers,  ii;<  ft.  in.  diameter;  a  grate 
face  of  240  sq.  ft.     The  speed  is  stated  at  16  knots,  but 


partments.  Where  these  ducts  pass  through  bulkheads 
automatic  valves  are  fitted  to  prevent  the  flow  of  water 
from  one  compartment  to  the  other  by  way  of  the  air- 
pipes.  The  coal  bunkers  are  well  ventilated,  the  fresh  air 
supply  to  the  l)unkers  being  obtained  through  pipes  car- 
ried up  into  the  hammock  berthings. 

The  ceiling  in  the  hold  will  be  of  yellow  pine  battens, 
and  on  the  berth  deck  steel-plate  will  be  used,  secured  to 
the  reverse  flanges  of  the  frames  by  brass  screws.  The 
ward  room  will  be  finished  in  sycamore,  without  pilasters, 
but  with  suitable  moldings  and  panels. 

There  will  be  two  complete  electric  lighting  plants, 
arranged  to  work  on  the  same  circuit,  and  lights  are  to  be 
disposed  so  as  to  fully  illuminate  all  parts  of  the  ship,  in- 
cluding coal  bunkers,  magazines,  shell  and  ammunition 
rooms,  running  lights  and  lights  for  use  on  the  upper  deck 
and  aloft.     The  total  number  of  lamps  will  be  about  400. 

These  vessels  are  to  cost  not  over  S3.000.000  together. 
The  builder  is  to  guarantee  a  speed  of  19  knots  per  hour, 
forfeiting  S50.000  for  every  quarter  knot  below  that  point 
and  receiving  S50.000  for  every  quarter  knot  in  excess  of 
it  made  by  the  vessel  on  trial. 

GUNBOATS   NOS.    3   AND   4. 

These  vessels  (which  are  not  illustrated)  are  to  be  sub- 
stantially the  same  as  gunboat  No.  i.  They  are  to  be 
twin-screw  vessels,  having  a  length  on  the  load  line  of  230 
ft.,  an  extreme  beam  of  36  (t.  and  a  displacement  at  14  ft., 
mean  draught  of  1.700  tons.  The  machiner)-  is  estimated 
to  indicate  2.200  H.  P.  with  natural,  and  3.300  with  forced 
draught.  There  are  two  independent,  compound  engines, 
placed  in  separate  compartments.  The  cylinders  are  29 
in.  and  52  in.  diameter,  and  30  in   stroke.     There  will  be 

two  1 

surface  (        .        . 

it  is  hoped  that  on  the  measured-mile  trials  this  will  be 
considerably  exceeded.  The  rig  will  be  that  of  a  three- 
masted  schooner,  with  an  area  of  plain  sail  of  4,409  sq.  ft. 

Four  hundred  tons  of  coal  will  be  carried.  The  com- 
plement will  be  150  men. 

The  main  battery  is  composed  of  six  6-in.  breech-load- 
ing rifles  ;  the  secondary  battery,  two  57  millimeter  rapid- 
fire  guns,  two  37  millimeter  revolvers  and  one  short  Cat- 
ling gun.  The  large  guns  are  mounted  on  sponsons  over- 
hanging the  ship's  side,  by  which  arrangement  the  arc  of 
fire  is  greatly  increased.  There  is  a  long  poop  and  fore- 
castle on  which  four  of  the  6-in.  guns  are  mounted,  two 
forward  and  two  aft,  at  a  height  of  about  iS  ft.  above  the 
load  line.  The  other  two  6-in.  guns  are  carried  on  spon- 
sons amidships  at  a  height  of  about  10  ft.,  and  have  an  arc 
of  fire  of  70°  before  and  70°  abaft  the  beam. 

All  are  on  central-pivot  mounts,  and  the  gunners  are 
protected  by  segmental  shields.  The  forward  and  after 
guns  converge  300  ft.  from  the  pivots,  and  on  the  broad- 
side three  guns  may  concentrate  their  fire  at  a  distance  of 
100  ft.  from  the  side. 

The  torpedo  armament  is  of  great  relative  importance. 
No  less  than  eight  torpedo  discharge  tubes  will  be  fitted 
— one  in  the  stem  and  one  in  the  stern  being  fixtures. 
The  six  in  broadside  are  capable  of  training  forward  and 
abaft  the  beam. 

These  ships  are  to  be  built  entirely  of  steel.  The  ver- 
tical keel  will  be  15  lbs.  per  square  foot,  and  in  depth  25 
in.  The  flat  keel-plates  are  double.  The  stem  and  stern 
posts  are  of  cast-steel.  The  transverse  frames  are  to  be 
24  in.  apart  and  are  composed  of  Z-bars,  having  the  ad- 
vantage of  strength  and  lightness,  desirable  in  warship 
construction.  Forward  and  aft  throughout  the  length  of 
the  vessel  a  water-tight  deck  ^s  in.  thick  will  be  con- 
structed. It  will  be  arched  with  a  spring  of  about  3  ft.  in 
its  greatest  width,  and  will  be  so  disposed  that  the  crown 
comes  nearly  on  the  water  line.  This  deck  will  rest  on 
angle  beams  5  x  2, '2  in.  The  main-deck  beams  are  of  T- 
section,  6  x  xyi  in!,  and  those  of  the  berth  deck  of  angle 
bars  y/z  X  i]/z  in.  The  outer  plating  varies  in  thickness, 
according  to  its  position. 

Protective  plating  i  in.  thick  is  worked  in  the  wake  of 
the  torpedo  ports  and  machine  guns.  All  water-tight 
work  is  to  be  calked  metal  to  metal,  and  the  interposition 
of  any  canvas  or  felt  is  prohibited.     Bilge  keels,  projecting 
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18  in.,  will  extend  for  about  100  ft.  amidships,  and  are 
being  fitted  to  all  of  the  new  vessels,  as  they  are  found  to 
materially  reduce  rolling  without  causing  much  increase 
of  resistance.  There  is  no  double  bottom,  but  the  num- 
ber of  compartments  is  large,  and  the  arrangement  of 
water  tight  doors  is  very  satisfactory,  all  the  important 
ones  being  contrived  to  open  and  close  from  the  main 
deck. 

Coflter  dams  will  be  built  about  the  engines  and  fire- 
room  hatches  and  carried  up  to  a  height  of  18  in.  above 
the  main  deck.  When  in  action  the  vessel  will  be  steered 
from  a  connmg  tower  located  on  the  forecastle  deck  and 
built  of  mild  steel  2  in.  thick.  There  will  also  be  a  wooden 
pilot  house  for  ordinary  use.  fitted  with  chart  tables,  speak- 
ing tubes,  etc..  to  communicate  from  the  conning  tov/er 
to  the  engine-rooms,  torpedo-rooms  and  stations,  all 
steering  wheels,  main  and  secondary  batteries,  masthead 
and  other  electric  search  lights  anff  cabins.  In  addition 
to  hand-gear,  steam  steering-^c;ir  will  be  fitted. 

The  ventilation  of  the  livingspaces  and  the  hold  will  be 
by  a  carefully  considered  scheme  of  natural  currents  util- 
izing the  frame  spaces,  louvres  and  cowls  being  fitted 
along  the  top  sides,  communicating  with  the  spaces  below 
by  appropriate  ducts.  The  vitiated  air  of  the  engine-room 
■will  be  withdrawn  by  the  fans  used  for  forced  combustion 
Special  ventilation  is  provided  for  the  bunkers,  trunks 
being  led  to  the  chimney  casing  to  e.xhaust  the  e.xplosix  e 
gases  given  out  by  the  coal.  The  ward-room  ioiner  work 
will  be  in  sycamore  veneering.  V  in.  thick,  with  a  dead 
finish  ;  each  stateroom  will  be  neatly  furnished  ;  the  berth 
fronts  are  made  to  turn  down,  and  drawers  and  lockers 
are  fined  underneath  :  the  under  side  of  the  deck  in  ward 
and  staterooms  is  paneled  ;  the  locks  are  brass,  and  the 
hinges  and  knobs  of  bronze  ;  the  cabin  under  the  poop 
will  be  furnished  in  the  same  manner:  the  ceiling  on  the 
berth  deck  forward  will  be  of  thin  steel,  secured  by  screws 
to  the  frames,  for  ready  access  to  the  plating  for  inspection 
and  painting;  two  incandescent  lighting  plants  are  ar- 
ranged to  work  on  the  same  circuit,  each  to  be  in  all  re- 
spects a  duplicate  of  the  other.  The  cost  of  these  vessels, 
exclusive  of  armament,  but  including  equipment,  is  limited 
to  an  amount  not  exceeding  $550,000  each. 

THE   .\RMORED   CRUISER   AND    llATTLE-SHIP. 

The  Board  to  which  were  referred  the  plans  of  the 
armored  cruiser  and  armored  battle-ship  presented  by 
various  parties  in  April  last,  has  made  the  following  re- 
port to  the  Secretary  of  the  Navy  : 

"The  Board  appointed  by  the  Department's  order  of 
April  22  has  considered  the  plans  of  armored  cruisers 
submitted  by  the  Barrow  Shipbuilding  Company,  by 
William  Johri  Barrow.  England  ;  Lieutenant  W.  I.  Cham- 
bers, United  States  Navy;  M.  T.  Clayton.  Auckland.  N. 
Z.;  A.  H.  (irandjean,  St.  Nazaire.  France;  Naval  Con- 
structor S.  H.  Pook.  United  States  Navy;  George  P. 
Frothingham;  the  Thames  Iron  Works  &  Shipbuilding  1 
Company,  by  I.  C.  Mackron.  London,  England;  Captain  I 
L.  Tonus,  No.  164  Maiden  Lane,  New  York.  And  of 
armored  battle-ships  submitted  by  the  Barrow  Shipbuild- 
ing Coni|ian\-.  bv  William  John  Barrow,  England  ;  William 
Douglass,  Galveston.  Texas;  Francis  L.  Norton.  No.  633 
F  Street,  N,  W.,  Washington  ;  the  Thames  Iron  Works  & 
Shipbuilding  Company,  I.  C.  Mackron,  England;  Captain 
L.  Tonus.  No.  164  Maiden  Lane.  New  York  ;  John  Watt, 
Birkenhead,  England  ;  and  has  the  honor  to  report: 

"  The  plans  of  M.  T.  Clayton,  Captain  L.  Tonus.  Wil- 
liam Douglass,  Francis  L.  Norton  and  John  Watt  do  not 
conform  to  the  requirements  of  the  Department's  cir- 
cular. 

"  The  marked  differences  in  the  essential  features  of 
the  designs  of  armored  cruisers  of  the  Barrow  Shipbuild- 
ing Company,  Lieutenant  W.  I.  Chambers.  A.  H  Grand- 
jean  and  the  Thames  Iron  Works  &  .Shipbuilding  Com- 
pany prevent  their  classification  in  the  order  of  merit; 
each  exhibits  features  which  strongly  commend  them- 
selves, but  the  Board  does  not  consider  it  advisable  for 
the  Government  to  build  a  vessel  upon  any  one  of  these 
plans. 

"  The  Board  approves  the  design  of  an  armored  battle- 
ship submitted   by  the   Barrow  Shipbuilding   Company, 


and  is  of  the  opinion  that  such  a  ship  would  be  a  valuable 
addition  to  our  Navy.  The  estimates  and  results  of  cal- 
culations of  the  design  of  this  battle-ship  have  been  veri- 
fied bv  comparison," 

The  Secretary  has.  so  far,  taken  no  action  on  this  report 
of  the  Board. 


Steel  Castings  for  War  Vessels. 


The  use  of  castings  in  the  place  of  forged  material 
has  been  gradually  increasing  for  some  years,  a  great 
impetus  being  given  to  the  change  by  recent  improve- 
ments in  the  method  of  casting.  It  has  even  been  antici- 
pated that  cast- steel  might  displace  forged  iron  in  the 
stern-frames  of  ordinary  mercantile  steamers;  but, 
however  it  may  be  in  the  future,  this  has  not  as  yet  been 
generally  ealized.  No  doubt  the  cost  of  pattern-making 
(a  separate  pattern  and  mold  being  required  in  practice 


for  every  stern-frame)  militates  against  the  abandonment 
of  forgings  for  castings  ;  but  the  stems  and  stern-frames 
of  war  vessels,  owing  to  their  constantly  varying  sections 
of  material,  and  the  accuracy  with  which  curved  lines 
have  to  be  reproduced  from  intricate  set-offs,  together 
with  branching  connections,  can  now  be  produced  as 
steel  castings  at  much  less  cost  than  when  forged,  despite 
the  heavy  expense  of  makmg  a  complete  pattern. 

In  a  ce'rtain  class  of  mercantile  steamers,  it  will  usually 
prove  advantageous  to  have  the  stem  at  least  of  cast- 
steel.  Those  who  have  had  experience  with  the  stems  of 
flat-plated  keel  steamers,  know  well  what  anxiety  there 
is  connected  with  them,  as  to  whether  they  are  made  cor- 
rectly and  according  to  instructions,  and  as  to  the  diffi- 
culty of  getting  them  accurately  into  shape,  when  being 
bent  on  the  blocks  in  the  shipbuilding  yard.  In  future, 
it  would  seem  there  need  be  no  such  anxiety,  as  the  cast- 
ing of  these  parts  has  been  brought  well  nigh  to  perfec- 
tion. The  large  steel  castings  for  H.  M.  S.  Orlando 
and  Undaiintfd,  consisting  of  the  stem,  stern-frame  and 
propeller-shaft  brackets,  as  well  as  a  large  number  of 
steel  forgings  for  the  engines,  have  all  been  manufac- 
tured by  Messrs.  John  Spencer  \-  Sons,  at  their  Newburn 
Steel    Works,  Newcastle-on-Tyne.      Full-sized   drawings 
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on  thin  boards,  with  sections  as  shown,  were  prepared  in 
the  molding  loft  at  the  shipbuilding  yard,  and  from  them 
the  molds  for  the  castings  were  made.  In  the  case  of 
the  propeller-shaft  brackets,  to  insure  absolute  accuracy, 
a  template  was  prepared  by  the  sliipbuilders  and  tried  in 
place,  after  the  stern-frame  of  the  Orlando  had  been 
erected,  and  before  the  moldinj^  or  casting  of  the  brackets 
had  been  put  in  hand.  The  accuracy  with  which  the 
molds,  and  subsequently  the  allowances  for  contraction 
of  the  castings  in  cooling,  were  made,  is  evident  from  the 
fact  that  there  was  practically  no  chipping  or  hammering 
necessary  when  the  finished  stem,  stern-frame  and 
propeller-shaft  brackets  were  delivered  into  the  ship- 
builder's hands.  The  stem  of  these  vessels  is  shown  in 
fig.  I,  and,  as  will  be  readily  seen,  is  of  the  ram  type.  It 
consists  of  two  pieces,  the  lower,  of  cast-steel,  alone 
being  represented.  The  upper  portion,  of  an  ordinary 
bar  section  with  the  fore  end  swaged,  was  forged  at  the 
works  of  Palmer's  Shipbuilding  &  Iron  Company,  Limited. 


made  to  the  keel.  It  will  also  be  noticed  that  the  keel 
gradually  rises  toward  the  after  end,  in  a  length  of  18  ft, 
to  an  extent  of  2  ft.  The  palms  projecting  on  each  side 
of  the  keel  piece  are  for  effecting  connection  with  the 
propeller-shaft  brackets,  and  add  materially  to  the  diffi- 
culties of  the  casting.  In  the  case  of  a  forging,  it  would 
be  extremely  difficult  to  make  sound  and  accurate  work, 
since  the  irregular  and  frequent  heating  and  cooling  cause 
initial  strains  to  be  set  up,  which  even  careful  annealing 
will  not  remove,  while  such  treatment  damages  and  de- 
stroys the  fibrous  nature  of  the  material.  The  subsequent 
machining,  which  occupies  much  valuable  time,  and 
necessitates  the  use  of  large  and  expensive  tools,  renders 
the  comparative  cost  of  forgings  much  more  excessive 
than  that  of  steel  castings.  It  will  be  noticed  that,  to 
strengthen  the  union  of  the  keel-piece  and  the  stern  or 
rudder-post,  a  knee  or  fillet,  i;4  in.  thick,  forms  part  of  the 
casting,  and  a  similar  one  is  fitted  at  the  top  of  the  stern 
or  rudder-post  to   strengthen  the   platform,  and  connect 
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It  will  be  noticed  that,  throughout  the  greater  portion  of 
this  casting,  there  are  two  molding  edges,  so  that  the 
shell-plating  might  make  a  flush  finish,  obviating  the 
necessity  of  thinning  away  the  edges  of  the  shell-plating 
where  they  overlap  and  abut  on  the  stem.  The  width  of 
the  stem  at  the  root  of  the  scarf  is  6  in  ,  but  immediately 
beneath  the  lower  deck  it  is  increased  to  i  ft.  4  in.  in 
v,idth.  The  thickness,  which  is  2yi  in.  at  the  upper  part 
of  the  casting,  is  gradually  increased  to  the  normal  thick- 
ness of  5  in.,  and  to  greater  thicknesses  according  as  the 
form  of  the  vessel  requires,  ranging  up  to  10  in.  Suffi- 
cient sections  are  shown  in  the  figure  to  illustrate  the 
■different  scantlings  of  this  casting.  In  the  way  of  the 
ram,  the  width  of  the  stem  is  increased  to  3  ft.  2  in.,  and 
ax.  the  breast-hook  connection  to  3  ft.  4  in.,  while  below 
the  ram  it  gradually  diminishes  to  4';  in.,  and  at  the  ex- 
treme end  to  I  in.  The  length  of  the  stem  piece,  meas- 
ured on  a  diagonal  line,  is  20  ft.  10  in.,  and  the  weight  of 
the  casting  a  little  over  434  tons. 

The  stern-frame  is  illustrated  in  fig.  2,  and  will  be  seen 
at  once  to  show  even  greater  intricacy  in  its  construc- 
tion, despite  the  absence  of  curvature,  than  does  the 
stem-casting.  For  30  m.  at  the  fore  end  of  the  stern- 
frame  casting,  there  is  a  recess  for  the  flat-plate  keel  on 
the  under  side,  so  that  a  more  eflicient  connection  is  thus 


the  rudder-trunk.  This  platform  is  a  detail  of  great  im- 
portance, not  generally  provided  in  ordinary  mercantile 
steamers,  so  that  it  is  a  frequent  source  of  complaint  that 
at  this  portion  of  a  steamer  there  is  considerable  leakage. 
There  are  three  gudgeons  for  receiving  the  rudder  pintles, 
on  two  only  of  which  does  the  rudder  bear.  Each  of 
these  is  12  in.  deep,  while  the  remaining  one  is  8  in.,  and 
they  are  all  cast  to  nearly  the  finished  size,  thus  reducing 
the  boring  out  to  a  minimum.  Above  the  upper  gudgeon, 
the  stern-post  is  gradually  set  forward,  to  accommodate 
the  rudder-head,  which  is  'of  a  larger  diameter  than  the 
pintles.  The  total  weight  of  the  stern-frame  casting,  in 
each  of  the  belted  cruisers,  was  S  tons  6  cwt.  The 
propeller-shaft  brackets  are  shown  in  fig.  3,  which  gives  a  . 
complete  sectional  view  of  one  bracket,  as  well  as  plans 
showing  the  palms  bv  which  the  bracket  is  connected  to 
the  hull  of  the  vessel.  The  brackets  are  of  the  normal 
scantlings  of  21  in.  wide,  7  in.  thick,  the  width  being  in- 
creased at  the  eye,  or  bearing  for  the  shaft,  to  4  ft.  6  in. 
As  far  as  possible,  the  edges  are  tapered  or  rounded  off, 
to  lessen  the  resistance  of  the  vessel.  Comparing  the 
views  of  the  scarf  for  the  lower  palm  with  those  of  the 
propeller-shaft  brackets,  as  given  in  figs.  2  and  3  respect- 
ively, a  good  idea  may  be  formed  of  the  care  that  has 
been  taken  to  make  the  connection  as  eflicient  as  possible. 
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This  is  a  matter  of  no  small  importance,  seeing  that 
through  each  propeller  shaft  from  4000  H.  P.  to  5,000 
H.  P.  will  be  transmitted.  Four  rows  of  rivets,  i  H  in. 
diameter,  spaced  about  /'z  in.  apart,  complete  the  at- 
tachment, as  shown  in  the  elevation  of  the  bottom  palm, 
which  is  increased  in  width,  gradually,  to  4  ft.  10  in.  The 
upper  palm  passes  into  the  hull,  and  abuts  on  the  termin- 
ating portion  of  the  protective  deck,  as  shown.  This 
palm  is  5  ft.  10  in.  in  length  or  width,  and  is  supplied 
with  relatively  greater  rivet  connection,  in  this  case  i  '4- 
in.  rivets  being  used,  spaced  about  6}4  in.  apart.  Two 
rows  pass  through  plates,  projecting  for  the  purpose  be- 
yond the  hull  of  the  vessel,  one  row  through  double 
angle  irons  and  plates  inside  the  shell-plating,  and  two 
other  rows  further  in-board  ;  the  whole  forming  a  very 
strong  attachment,  which  it  is  anticipated  will  quite   suf- 


Casualties  in  Torpedo  Boats. 

(From  ihe  London  Enginefring^ 

Wf.  told  our  readers  in  our  last  impression  the  story  of 
the  explosion  of  a  boiler  on  board  a  torpedo  boat.  At  the 
time  we  went  to  press  our  information  was  scant.  OfTicial. 
and,  we  may  add  prudent,  reticence  interfered  to  prevent 
anything  like  a  detailed  statement  of  the  truth.  Since 
we  wrote,  the  facts  have  become  public;  and  they  are  far 
more  serious  and  important  than  appeared  at  first  sight. 
The  Admiralty  wisely  determined  to  test  a  tiotilla  of  tor- 
pedo boats  purchased  for  the  Navy  at  various  times.  The 
test  was  different  from  anything  made  before.  Hitherto 
boats  have  been  tried  as  weapons  of  attack  and  defense. 
Their  sea-going  qualities  up  to  a  certain  point  have  been 


fice  for  the  enormous  strains  to  be  developed  when  the 
vessel  is  under  full  steam.  Each  of  these  brackets  ex- 
ceeds 8  tuns  in  weight.  By  the  courtesy  of  Messrs. 
Spencer  it  Sons,  we  are  enabled  to  give  a  summary  of  the 
tests  which  were  undertaken  in  connection  with  the  steel 
employed  for  these  castings.  Each  of  the  castings  was 
drop-tested,  by  lifting  it  up  with  a  steam  traveling  crane 
to  a  considerable  height.  It  was  then  allowed  to  fall  upon 
a  macadamized  road  surface.  Each  of  them  was  also 
lifted  up,  havmg  one  end  resting  on  the  road,  and  the 
other  end  forming  an  angle  of  60  deg.  with  the  surface  of 
the  road,  and  dropped  from  this  position,  Having  been 
subjected  to  these  severe  tests,  each  casting  was  suspended 
and  hammered  with  heavy  hammers  to  try  its  soundness, 
and  in  every  instance  with  the    most  satisfactory  results. 

A  stern-post  for  one  of  the  new  gunboats  was  recently 
made  by  the  Standard  Steel  Casting  Companv.  the  first 
casting  of  this  kind,  we  believe,  ever  made  in  the  United 
States. 


PEDO-IIOAT   BOILER. 


made  the  subject  of  experiment;  but  nothing  was  really 
known  concerning  their  powers  of  endurance  when  steam- 
ing at  full  speed  in  charge  of  naval  engineers.  \ow  it  is 
obvious  that  in  case  of  actual  war  our  torpedo  boats 
might  be  called  on  to  steam  long  distances  in  order  to 
repel  a  threatened  attack,  and  it  is  also  clear  that  under 
such  circumstances  they  would  be  called  upon  to  go  from 
place  to  place  as  fast  as  they  could  go.  It  was  decided 
for  these  reasons  that  the  boats  of  the  flotilla  should  race 
over  a  distance  of  about  100  miles.     *     *     -     » 

Opinions  difler  as  to  the  value  of  torpedo  boats,  but  it 
is  certain  that  no  maritime  power  could  be  without  them; 
and  the  fact  that,  out  of  24  British  boats,  no  fewer  than 
8  were  rendered  hors  dti  combat  as  soon  as  they  were 
worked  under  conditions  which  might— and  probably 
would— obtain  any  or  every  day  if  we  were  at  war,  is  ex- 
tremely serious.  The  failures  we  have  recorded  possess 
a  national  importance.  It  is  a  noteworthy  fact  that  all 
the  boats  which  broke  down  were  by  the  same  firm.  There 
were  4  boats  by  Messrs.  Yarrow  &  Co.,  3  boats  by  White, 
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of  Cowes.  the  remaining  17  were  by  Thornycroft.  It  we 
refuse  to  class  the  failure  of  a  propeller  as  a  breakdown 
because  the  boat  was  still  able  to  proceed,  thouj;h  at  re- 
duced speed,  we  find  that  the  casualties  to  the  boats  of 
the  Chiswick  firm  came  to  over  41  per  cent.  If  out  of 
100  torpedo  boats  41  are  to  become  unserviceable  within 
an  hour  after  they  proceed  to  sea,  confidence  in  the  utility 
of  such  craft  will  be  weakened.  It  may  be  urged— and 
has  already  been  urged  to  some  purpose— that  the  failures 
were  due  to  the  incompetence  of  the  men  in  charge.  II 
this  were  wholly  true  it  would  imply  a  very  serious  indict- 
ment of  the  .Admiralty:  we  refuse,  however,  to  believe  it. 
While  we  admit  that  had  more  care  been  exercised  in  the 
stokeholes  it  is  possible  that  no  breakdown  would  have 
occurred,  we  hold  that  any  system  of  design  or  construc- 
tion which  renders  boilers  and  engines  dependent  for  their 


FIC.5 


In  .\'o.  47  the  failure  was  sudden  and  complete ;  and,  as 
we  know,  lives  were  lost.  In  the  case  of  No.  57  the  failure 
of  the  crown  plate  was  not  .so  sudden  and  complete,  and 
no  lives  were  lost ;  although  the  risk  incurred  was  awful. 
Why  did  the  furnace  crowns  come  down.'  The  first  reply 
that  will  suggest  itself  to  an  engineer  is  that  they  came 
down  because  the  boilers  were  short  of  water.  On  this 
point,  however,  there  is  a  great  deal  to  be  said  ;  and  in 
order  that  our  readers  may  comprehend  the  whole  matter, 
we  give  here  two  sets  of  drawings — figs,  i,  2  and  3 — show- 
ing the  system  of  construction  adopted  by  f,  Messrs. 
Yarrow  &  Co.;  and  figs.  5,  6  and  7,  that  used  by  Messrs. 
Thornycroft  &  Co. 

At  first  sight  there  does  not  seem  to  be  much  difference 
between  them,  but  there  is  a  difTerence — a  most  essential 
difference  in  detail.     It  will  be  seen  that  in  neither  boiler 
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THE  THORNYCROFT   TORPEDO-BOAT    BOILER. 


safe  working  on  exceptional  skill  and  vigilance,  must  be 
defective.  Whatever  the  probable  shortcomings  of  the 
crews  in  charge  could  possibly  have  been,  we  think  the 
main  cause  of  the  failures  must  be  sought  and  found  in 
the  machinery  of  the  boats,  and  even  in  the  boats  them- 
selves, and  we  fancy,  before  we  have  done,  that  our  readers 
will  be  of  the  same  opinion.  As  we  know  nothing  yet  of 
the  nature  of  the  failures  which  took  place  in  the  engine 
or  boiler  rooms  of  Nos.  27,  41,  50,  42  and  55,  we  can  say 
little  about  them.  No.  27  had  hot  bearings;  but  they  must 
have  been  very  hot  indeed  to  stop  the  boat.  The  bearings 
in  a  torpedo-boat  engine  are  so  comparatively  small  and 
light,  and  the  appliances  for  cooling  so  perfect,  that,  as  is 
known  from  experience,  a  very  hot  bearing  can  be  cooled 
in  a  very  few  minutes;  and  in  a  long  race,  such  as  this 
under  consideration,  5  minutes'  delay  at  the  outset  could 
not  destroy  the  chances  of  a  boat.  Putting  this  on  one 
side,  however,  we  may  confine  ourselves  to  two  casualties, 
namely,  the  failure  of  the  boilers  in  No.  47  and  No.  57. 
In  both   cases  the   crowns  of  the  fire-boxes  came  down. 


are  bridge-stays  used.  The  tops  of  the  inside  and  outside 
fire-boxes  are  secured  to  each  other  by  stays.  It  will  also 
be  seen  by  fig.  8  that  the  stays  used  by  Messrs.  Yarrow 
have  large  heads  jumped  up  out  of  the  solid  and  forged 
to  shape;  that  under  these  heads  is  a  screw  thread  ;  that 
the  opposite  ends  or  points  are  also  screwed.  The  stays 
are  turned  down  between  the  threads,  so  that  the  threads 
stand  up.  These  bolts  are  then  screwed  hard  into  place 
from  the  inside,  and  large  square  nuts  are  then  screwed 
on  the  ends  projecting  on  top  of  the  fire-box  shell.  In 
locomotive  work  the  crown-stay  bolts  always  have  heads 
or  nuts  inside  the  fire-box  on  the  crown  stays. 

Turning  now  to  Mr.  Thornycroft's  boiler,  it  will  be  seen 
by  fig.  4  that  he  dispenses  with  nuts  and  heads.  His 
stays  are  screwed,  just  as  Mr.  Yarrow's  are,  but  there  the 
resemblance  ceases.  The  ends  of  the  stays  are  riveted 
over — the  crown-stays  thus  resembling  the  side-stays. 
This  we  regard  as  an  essentially  weak  system  of  construc- 
tion, and  to  it  we  believe  the  failure  of  the  boilers  in 
Nos.  47  and  57  was  partly  due.     The  system  of   riveting 
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over  cold  answers  well  enough  in  a  side-stay  which  is  not 
more  than  6  in.  or  7  in.  long  over  all ;  but  the  crown-stays 
are  over  2  ft.  long,  and  riveting  up  cold  has  a  very  great 
tendency  to  do  more  harm  to  the  screw  thread  in  the 
•j'j-in.  crown  plate  than  anything  else,  for  it  is  next  to  im- 
possible properly  to  hold  up  a  bar  2  ft.  long  to  the  riveting 
hammer.  It  may  be  urged  that  a  screwed  and  riveted 
stay  is  just  as  strong  as  a  screwed  stay  with  head  and  nut. 
This  we  deny.  That  it  may  be  quite  strong  enough  under 
ordinary  circumstances  is  one  thing;  that  it  is  strong 
enough  for  torpedo-boat  boilers  does  not  at  all  follow  as  a 
legitimate  consequence.  It  will  not  do  to  assume  that,  be- 
cause such  a  system  of  construction  may  give  good  results 
in  a  locomotive  boiler,  it  must  do  so  in  atorpedo-boat  boiler. 
It  has  been  urged  that  the  crown-plates  came  down  in 
No.  47  and  No.  57  because  the  plates  were  overheated 
from  shortness  of  water.  This  we  concede  at  once,  but  it 
does  not  follow  that  the  men  in  charge  were  to  blame. 
As  a  matter  of  fact,  the  crowns  of  the  fire-bo.xes  in  tor- 
pedo-boats are  often  left  uncovered  by  water  for  some 
little  time.  When  running  before  a  s.^a,  the  boat  will  get 
on  the  back  of  a  wave  traveling  at  nearly  her  own  pace, 
and  she  will  run  with  her  head  down  and  her  stern  up 
until  she  has  outpaced  the  wave.  During  this  time  the 
crown  of  the  fire-bo.x  may  have  no  solid  water  on  it ;  but 
besides  this,  torpedo  boats  are  so  lively  and  jump  about 


so  much  that  in  a  heavy  sea  the  crown-plates  are  sure 
every  now  and  then  to' get  left  dry,  or  nearly  so,  lor  a 
few  seconds,  unless  the  water  is  kept  high  in  the  glass.  If 
there  are  large  nuts  inside  the  bo.x,  these  serve  to  keep  cool 
considerable  areas  of  metal  just  round  the  screw-threads. 
It  is  well  known  that  it  is  practically  impossible  to  make  a 
nut  red  hot  if  the  stay  remains  cool,  because  the  stay 
serves  to  convey  away  iieat  in  a  way  very  clearly  set  forth 
by  Peclet,  Wye  Williams  and  others.  Every  engineer 
will  concede,  we  think,  that  if  the  top  of  a  Yarrow  box 
became  overheated,  it  would  be  likely  to  come  down 
between  the  stays  in  pockets  ;  but  it  is  evident  that  it 
must  be  made  very  hot  indeed  before  the  heads  could  be 
forced  off  the  slays  or  drawn  right  through  the  plate. 
It  is,  we  think,  incontestable  that  the  Yarrow  system  must 
be  stronger  than  the  Thornycroft  system.  A  'leak  might 
be  started  by  the  crown-plate  cracking,  but  its  total  dis- 
ruption is  to 'the  last  degree  unlikely.  It  must  not  be 
forgotten,  however,  that  these  are  the  first  failures  of 
Thornycroft  boilers  that  have  taken  place,  and  that  the 
old  Lightniitg  has  given  no  trouble  and  has  been  very 
hard  worked.  But  the  Lightning  has  been  managed  by 
men  of  great  experience. 

We  have  little  doubt  that  Messrs.  Thornycroft 's  other 
failures  have  been  due  to  the  desire  to  make  the  machinery 
of  their  boats  as  light  as  possible.  It  is  a  matter  of  in- 
terest to  know  that  the  Yarrow  boats  of  the  same  dimen- 
sions weigh  nearly  seven  tons  more  than  the  Thornycroft 
boats.  Of  this  3 j<  tons  go  to  the  hull  and  3^  tons  to  the 
engines  and  boiler.  For"  example,  it  will  be  seen  bv  fig.  i 
that  Messrs.  Yarrow  &  Co.  raise  the  forward  end 'of  the 
internal  fire-box.  They  thus  get  room  for  more  tubes 
without  raising  the  crown  plate  as  a  whole.  The  small 
portion  actually  raised  being  near  the  mid-length  of  the 
boiler,  where  the  water  level  is  not  much  al'fected  by 
pitching,  it  is  always  covered.  But  the  result  of  adopting 
this  system  of  construction  is  that  the  boiler  holds  an 
extra  half-ton  of  water.  Messrs.  Thornycroft's  engines 
are  speeded  higher  than  Messrs.  Yarrow's,  the  pitch  of 
the  screws  being  finer;  and  this  we  hold  to  be  objection- 
able. Nothing  can  exceed  the  skill  with  which  the 
Thornycroft  engines  have  been  designed  and  made;  but 
facts  are  too  strong  for  them  and  the  advocates  of  high- 
speed engines.  Those  who  hold  that  we  may  yet  have 
40-knot  passenger  steamers  may  draw  an  instructive 
lesson  from  the  torpedo-boat  race  of   May,   1887.      The 


consolatory  feature  of  the  whole  afTair  is  that  the  boats  of 
Messrs.  Yarrow  and  Mr.  White  did  their  woik  without  a 
hitch  or  difficulty  of  any  kind,  and  it  is  not  to  be  supposed 
that  their  engine-room  staffs  were  better  than  those 
of  the  Thornycroft  boats. 


The  Traffic  of  the  Suez  Canal 


(From  the  London  Engineering.) 

An  official  return  just  issued  by  the  Suez  Canal  Com- 
pany shows  such  a  diminution  of  traffic  to  and  from  the 
East  by  this  route,  that  it  will  be  interesting  to  consider 
the  conditions  which  may  be  deemed  to  be  operative  in 
causing  the  falling  off.  Before  attempting  to  do  this, 
however,  it  will  be  desirable  to  quote  the  leading  figures 
of  the  return.  That  these  are  very  highly  suggestive 
will,  we  think,  be  generally  admitted  ;  and  if  the  consid- 
erations we  can  advance  possess  weight,  there  would 
appear  to  be  a  necessitv  for  the  company  to  reconsider 
the  scale  of  dues,  or  to  take  such  other  steps  as  may  tend 
to  mitigate  the  effects  of  the  competition  which,  as  it 
seems  to  us,  is  causing  and  is  likely,  unless  checked,  still 
further  to  cause,  much  loss  to  the  revenue  of  the  com- 
pany. The  return  demonstrates  that  during  last  year,  as 
compared  with  that  previous  to  it.  there  was  a  consider- 
able falling-off  in  tonnage  passing  through  the  canal,  and 
consequently  an  equivalent  reduction  in  the  transit  re- 
ceipts. The  number  of  vessels  was  less  by  524,  the  net 
tonnage  showed  a  decrease  of  568,097  tons,  and  the  tran- 
sit receipts  a  decrease  of  5.680,049  francs,  the  same  rate  of 
dues  being  levied  in  both  years.  The  transit  receipts  for 
1884  amounted  to  62,378,115/.;  for  1885,  to  62,207,439/.; 
and  for  1SS6,  to  56,527,390/".  Thus  for  two  consecutive 
years  there  has  been  an  annual  decrease  which,  although 
but  trifling  during  the  first  of  them,  became  very  marked 
and  serious  during  the  second. 

It  would  scarcely  seem  warrantable  to  presume 
that  this  decrease  is  to  be  attributed  to  any  reduc- 
tion in  the  general  volume  of  eastern  trade.  In- 
deed the  returns  from  our  colonies  in  the  East,  as 
well  as  those  from  all  countries  with  which  Euro- 
peans carry  on  trade  in  that  hemisphere,  go  to  prove 
the  contrar)'.  As  many  vessels,  if  not  more,  left  European 
ports  for  the  eastward  during  1S86  as  did  so  during  1884, 
while  their  aggregate  tonnage  was  larger  in  the  later 
year.  There  must  therefore,  it  would  seem,  have  been  a 
divergence  of  route  adopted,  and  it  must  be  of  interest  to 
determine  the  causes  which  have  led  to  that  adoption. 
Now  there  is  but  one  alternative  route  to  that  by  the  Suez 
Canal,  and  that  is  by  the  Cape  of  Good  Hope.  If  there  is 
any  degree  of  parity  in  the  bulk  of  the  trade  from  Euro- 
pean ports  during  18S6  when  compared  with  1884,  and  the 
Suez  Canal  returns  show  that  it  is  not  securing  its  former 
proportion  of  that  bulk,  it  must  follow  of  course  that  the 
long-  sea  route  is  obtaining  the  increased  balance  of  the 
traffic.  It  is  a  fact  worth  noting  that  the  decreased  figures 
which  represent  the  Suez  Canal  traffic  occur  simultane- 
ously with,  and  bear  some  relative  proportion  to,  the 
advance  made  with  the  triple-compound  engine.  It  was 
only  during  1S84  that  this  system  received  any  extended 
trial,  and  during  1S85  it  had  very  considerable  extension. 
But  during  last  year,  the  results  of  the  two  previous  years 
having  fully  demonstrated  the  economy  of  triple  expan- 
sion, every  steamship  owner  who  was  in  a  position  to  do 
so  hastened  to  adopt  it,  a  very  large  number  of  existing 
vessels  having  their  engines  modified,  while  but  compara- 
tively few  new  steamers  were  launched  the  engines  of 
which  were  ijot  on  the  new  principle. 

The  very  important  saving  of  coal  effected  by  this 
change  has  tended  greatly,  we  should  say,  towards  in- 
creasing the  flow  of  our  eastern  trade  via  the  Cape  of 
Good  Hope.  Steamers  bound  for  Australia  and  the 
eastern  ports  generally  have,  with  but  few  exceptions, 
hitherto  been  obliged  to  call  in  at  the  Cape  to  fill  up 
with  coal.  A  call  of  that  kind  is  at  no  time  without  ex- 
pense, and  it  of  course  entails  delay,  which  further  adds 
to   the   cost  of  the  voyage.     Then,  again,  the   necessity 
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prevents  the  ships  Irom  following  the  quickest  course, 
which  lies  some  300  to  400  miles  south  of  the  Cape. 
These  delays  and  cost  are  avoided  in  the  case  of  the 
steamers  which  are  capable  of  steaming  their  entire 
journey  without  putting  in  for  coal  ;  and  it  may  be  said, 
we  think,  that  tins  advantage  has  perhaps  been  secured  to 
the  majority  of  our  steamships  by  the  introduction  of  the 
triple-e.xpansion  engine.  There  seems  to  be  a  parallelism 
of  occurrence  between  the  adoption  of  engines  of  that 
type  and  the  reduction  in  the  traffic  of  the  Sue/  Canal, 
and  the  fact  cannot  but  be  noteworthy  when  considering 
the  causes  operating  towards  that  reduction.  Now,  pro- 
ceeding further  upon  this  basis,  we  find,  if  our  argument 
has  any  material  degree  of  soundness,  that  the  cost  of 
working  steamships  by  the  Cape  route  has  been  reduced 
by  the  several  savings  above  mentioned,  while  that  route 
is  quite  on  a  parity  in  respect  of  coal-saving  with  steamers 
which  adopt  thai  by  the  Suez  Canal.  From  this  we  may 
deduce  that  the  fees  charged  for  transit  by  the  Canal  are 
so  high  as  to  now  outbalance  the  advantages  it  otTers  of  a 
lesser  mileage.  It  is  cheaper,  under  the  modified  condi- 
tions which  have  become  established  during  the  last 
three  years,  to  send  a  steamer  by  the  long  sea  route 
than  to  send  it  by  the  shorter  passage,  weighted  as  the 
latter  is  with  the  heavy  fees  charged  for  passage  through 
the  canal  ;  and  we  may  predict,  if  such  a  conclusion  may 
be  said  to  be  established,  that  we  shall,  unless  steps  are 
taken  which  may  check  such  a  result,  see  the  tonnage 
using  the  Suez  route  still  further  annually  decreasing. 
This,  as  it  appears  to  us,  can  only  be  stayed  by  the  reduc- 
tion of  the  transit  fees  to  the  point  where  the  balance  of 
economv  may  be  re-established  in  favor  of  the  shorter 
passage.  The  fees  on  a  3,000-ton  ship  now  represent  the 
cost  of  nearly  that  weight  of  coal  in  England. 

The  cause  we  have  stated  must  prove  operative  in  an- 
other wav  in  inclining  the  balance  of  advantage  towards 
the  Cape  route.  Everything  which  brings  the  duration 
of  the  two  journeys  more  nearly  level  will  induce  a  pre- 
ference by  passengers  for  the  latter  method  of  reaching 
their  destination.  By  the  Cape  they  avoid  the  great  heat 
of  the  Red  Sea,  so  much  dreaded  by  a  large  proportion  of 
them,  and  the  curiosity  to  see  the  numerous  places  at 
which  our  mail  steamers  stop  on  their  voyages  palls  after 
one  or  two  experiences.  Both  our  passenger  and  cargo 
traffic  may  therefore  be  expected  to  become  more  and 
more  diverted  from  the  Canal  route  as  high  speed  can  be 
attained  economically  by  the  ocean  route,  and  it  behooves 
the  Suez  Canal  Directors  to  take  the  fact  into  serious 
consideration. 

We  note  by  the  return  under  reference,  that  Great 
Britain,  during  the  year  just  passed,  owned  77  per  cent,  of 
the  whole  tonnage  using  the  canal.  France  had  8.25  per 
cent.,  Holland  4  per  cent.,  and  Germany  3.69  per  cent. 


improvements  in  the  mechanical  arts  progressed,  it 
found  that  steam  boilers  could  be  safely  constructe 
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FiFTV  years  ago,  when  steam  navigation  w-as  in  its  in- 
fancy, the  steam  pressure  employed  in  marine  engines 
was  as  low  as  5  to  10  lbs.,  but  as  boiler  construction 
improved  a  rapid  increase  took  place  to  20  and  25  lbs., 
until  finally  a  sort  of  standstill,  at  a  maximum  of  about  40 
lbs.,  was  established  for  a  series  of  years.  This  pressure 
was  considered  so  high  that  compound  engines  were  con- 
structed in  which  to  use  it.  Some  notable  examples 
running  on  the  west  coast  of  South  America  were  familiar 
to  marine  engineers  some  20  years  ago,  and  curiously 
enough  the  reports  which  came  from  those  engines  cor- 
responded closely  with  the  reports  from  modern  engines 
of  certainly  better  economy,  in  that  it  was  claimed  that 
the  power  was  obtained  with  the  consumption  of  i  'i  lbs. 
of  coal  per  indicated  horse-power  per  hour.  Higher 
pressures  were  in  vogue  on  inland  waters  almost  from  the 
commencement  of  steam  navigation  on  the  same,  but  were 
introduced  much  more  slowly  on  sea-going  steamers.    As 


was 
.  constructed  to 
carry  higher  pressures,  and  steam  machinery  for  using 
steam  at  a  pressure  of  60  lbs.  and  more  was  made  from 
time  to  time.  Engines  of  the  compound  type  were  made 
at  an  early  date  but  did  not  at  first  find  much  favor,  and 
it  was  not  until  about  the  year  1870  that  this  engine  was 
what  may  be  called  reintroduced  and  established  as  the 
marine  engine  of  the  future.  The  initial  successes  of  this 
period  were  doubtless  mad*  by  various  constructors  in 
Great  Britain,  the  firm  of  Elder  &  Co.  being  probably  in 
the  lead.  Mr.  Thomas  W.  Lay,  at  about  the  same  time, 
established  a  certain  form  of  engine  of  this  class  on  the 
Great  Lakes.  The  writer  also,  through  opportunities 
given  as  Consulting  Engineer  of  the  V.  S.  Coast  Sur- 
vey and  Revenue  Marine,  took  an  active  part  in 
developing  the  system  on  the  smaller  government  ves- 
sels— and  the  information  thus  obtained,  together  with 
that  which  could  be  procured  from  abroad,  was  utilized 
by  the  United  States  naval  officers  in  designs  for  com- 
pound engines  for  vessels  of  war. 

Meanwhile,  the  "doubting  Thomases"  among 
marine  engineers  claimed  that  just  as  good  results  could 
be  obtained  with  single  engines  of  long  stroke,  and  a 
number  of  vessels  were  built  to  prove  this  theory,  many 
of  which  did  very  well.  The  practical  work  of  the  com- 
pound engines  in  this  country  soon,  however,  had  the 
effect  of  converting  the  most  earnest  advocates  of  ex- 
pansion in  a  single  cylinder.  Without  mentioning  names 
it  may  be  said  that  one  after  another  the  older  engineers 
succumbed  to  the  inevitable,  and  now  the  writer  does  not 
know  of  a  single  one,  or  a  single  firm,  that  adheres  to 
former  opinions  and  prejudices.  To-day  there  are  num- 
bers of  ocean  steamers,  both  small  and  large,  running 
with  steam  pressures  as  high  as  160  lbs.  to  the  square 
inch.  The  steam  is  used  in  triple-expansion  engines,  and 
the  advocates  of  the  system  claim  as  great  economy  in 
the  change  from  double  to  triple  expansion  as  was 
originally  claimed  in  that  from  simple  engines  to  the 
ordinary  compound  engines.  Undoubtedly  overstate- 
ments are  made  as  great  as  those  formerly  made  in  rela- 
tion to  the  ordinary  compound  engine.  The  results  with 
the  latter  should  of  course  have  been  compared  only  with 
those  from  engines  operating  with  the  same  steam  press- 
ure and  under  the  best  conditions  for  economy  at  that 
pressure  ;  whereas  they  were  frequently  compared  with 
those  from  low-pressure  engines  of  obsolete  type.  The 
performance  of  the  triple-compound  engines  are  not  only 
not  being  compared  with  those  of  compound  engines 
operating  at  the  same  pressure,  but  comparisons  have 
been  made  with  the  results  obtained  with  engines  which 
have  been  allowed  to  run  down,  and  in  cases  where  the 
boilers  have  deteriorated  so  that  the  pressure  originally 
intended  is  not  maintained. 

With  the  view  of  settling  various  questions  of  this 
kind  in  relation  to  the  original  compound  engine  a  series 
of  experiments  were  made  in  the  years  1874  and  1S75, 
under  the  general  direction  of  Chief  Engineer  Charles  H. 
Loring,  U.  S.  Navy,  representing  the  Navy  Department, 
and  the  writer,  representing  the  Treasury  Department, 
with  the  machinery  of  various  revenue  steamers,  designed 
by  the  writer,  one  having  a  compound  engine,  another  a 
high-pressure  condensing  engine,  another  a  similar  engine 
with  a  jacket,  and  another   with  a  low-pressure  engine. 

These  experiments  showed  that  at  the  pressure  em- 
ployed, viz.:  70  lbs.,  the  gain  due  to  compounding  was 
only  12  to  15  per  cent,  as  compared  with  using  the  steam 
with  an  equal  degree  of  expansion  in  a  single  cylinder. 
Official  reports  of  these  experiments  were  made  to  the 
Navy  and  Treasury  departments  and  the  results  discussed 
by  the  writer  in  several  journals.  Abstracts  of  the  reports 
were  also  made  by  various  periodicals  and  embodied  in 
the  current  literature  on  the  subject.  In  the  discussion, 
the  writer  stated  that  the  average  economy  of  compound 
engines  was  doubtless  nearer  25  percent,  than  12  to  15,  on 
account  of  mechanical  difficulties  incident  to  keeping  in 
order  single  engines  working  at  a  high  degree  of  expan- 
sion and  the  liability  of  the  engineer  to  reduce  the  steam 
pressure  and  follow'  a  little  further  in  the  stroke  to  re- 
lieve the  strains  on  his  joints  and  all  the  working  parts 
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of  the  engine  and  save  himself  work.  The  same  difficulty 
was  experienced  with  the  first  compound  engines,  and  is 
supposed  to  be  one  reason  why  the  Elders,  in  their 
original  engmes.  set  the  main  valves  to  cut-off  with  full 
link  at  about  one-half  the  stroke  on  the  high- pressure 
cylinder,  so  that  the  engm  -er  could  only  control  the  cut- 
off with  the  independent  gear  within  that  limit.  In  the 
above  experiments  a  horse-power  was  obtained  in  the 
compound  engine  of  the  U.  S.  Revenue  steamer  Rush  for 
18.38  lbs.  of  feed-water  per  hour,  the  steam  pressure  being 
nearly  70  lbs.  Now.  ifthesteam  supplied  tothe  engine  in 
this  case  had  been  generated  at  about  160  lbs.  pressure,  and 
used  to  operate  another  piston  until  its  pressure  was  re- 
duced to  that  actually  used  in  the  hiyh-pressure  cylinder 
of  the  A'«.f/f,  there  would,  on  the  basis  that  80  per  cent, 
ot  the  total  (eed-waterwas  utilized  in  such  first  expansion, 
have  been  obtained  about  40  lbs.  mean  pressure  and  21.3 
per  cent,  additional  work,  and  the  cost  of  the  horse- 
power would  have  been  reduced  to  15.15  lbs.  of  feed- 
water  per  hour,  which  would  have  required,  foran  evapo- 
ration of  8  lbs.  of  water  per  pound  of  coal.  1.89  lbs.  of  coal 
per  H.  P.  per  hour.  In  average  practice,  it  is  believed 
that  the  evaporation  would  frequently  be  nearer  7;^  lbs. 
than  8,  which  would  increase  the  coal  consumed  to.  in 
round  numbers,  2  lbs.  of  coal  per  indicated  H.  P.  per 
hour. 

This  indirect  method  of  procedure  probably  gives  about 
the  average  performance  to  be  e.xpected  under  actual 
conditions  in  modern  triple-e.xpansion  engines  of  moder- 
ate size.  A  better  performance  is  claimed  and  undoubt- 
edly is  obtained  under  experimental  conditions  and  in 
the  larger  ocean  steamers.  It  is  thought  that  further 
gain  must  be  looked  for  in  the  performance  of  the 
boiler,  as  it  is  not  believed  that  very  much  better  re- 
sults than  15  lbs.  of  water  per  indicated  H.  P.  per  hour 
may  be  expected. 

A  clear  gain,  however,  of  upward  of  20  per  cent,  is  very 
important,  and  by  the  same  method  of  reasoning,  it 
would  appear  that  steam  of  still  higher  pressure  might 
be  expanded  in  still  another  cylinder  and  used  again 
and  again  with  economy.  This  corresponds  with  the 
conclusion  from  different  premises  stated  in  another  paper 
presented  with  this,  on  the  subject  of  "  Cylinder  Con- 
densation, and  the  Reduction  of  the  same  by  the  use  of 
the  Compound  Engine." 

On  the  above  basis,  the  limit  of  pressure  would  prob- 
ably be  fixed  only  by  the  capacity  of  the  materials  form- 
ing the  steam  cylinders  and  valve-chests  to  resist  the 
higher  tensions  and  higher  temperatures.  It  is  probable 
that  no  material  better  than  cast-iron  will  be  found  for 
steam-engine  cylinders,  and  this  is  made  sufficiently  dense 
to  resist  hydraulic  pressure  of  several  thousand  pounds. 
Difficulty  is,  however,  experienced  in  carrying  pressures 
as  high  as  300  lbs.  with  ordinary  castings,  and  if  tlie 
steam  pressure  were  to  be  increased  to  or  beyond  that 
point  more  care  would  be  necessary  in  selecting  and 
manipulating  the  metal  and  molds. 

A  steam  pressure  of  upward  of  300  lbs.  was  successfully 
carried  on  a  small  steamer  called  the  Anthracite,  which 
was  built  in  England  on  the  so-called  Perkins  high- 
pressure  system,  and  visited  this  country  in  iSSo  to 
demonstrate  that  high  pressures  could  be  safely  and  ef- 
ficiently utilized  to  furnish  motive  power  on  an  ocean 
voyage.  Her  machinery  was  tested  by  a  board  of  naval 
officers  in  New  York.  With  an  average  steam  pressure 
of  316.5  lbs.,  expanded  25,7  times  in  triple-expansion  en- 
gines, there  was  required  21.64  lbs.  of  feed-water  per 
hour  per  indicated  H.  P.  The  engines  were  small,  the 
aggregate  indicated  H.  P.  developed  being  but  67.7.  Still 
the  cost  was  quite  high,  no  lower,  in  fact,  than  has  been 
obtained  in  exceptional  cases  with  good  condensing 
engines,  and  about  what  ought  to  have  been  expected 
with  an  ordinary  compound  engine  using  a  steam  pres- 
sure no  higher  than  80  lbs.  The  same  engine,  tested  in 
England  by  Mr.  Bramwell,  furnished  a  horse-power  for 
17.8  lbs.  feed-water  per  hour,  the  water  level  being  then 
carried  lower,  so  that  the  steam  was  superheated  consid- 
erably. The  superheating  of  the  steam  at  these  high 
pressures  is  not  desirable  in  practical  work  on  account  of 
difficulty  with  the  packings  and  lubricant.  In  the  Bidwcll 


experiments  in  Boston  with  superheated  steam,  it  was 
considered  that  450  deg.  was  the  highest  temperature 
which  should  be  permitted.  Proper  precautions  would 
indicate  that  even  this  temperature  should  not  be  al- 
losved  in  seagoing  engines  involving  so  many  responsi- 
bilities. The  temperature  of  steam  of  300  lbs.  pressure  is 
about  420  deg.,  which,  in  the  opinion  of  the  writer,  is  as 
high' as  can  be  carried  satisfactorily  in  average  practice 
either  in  sea  or  land.  It  seems  certain  that  the  highest 
steam  pressure  admissible  would  be  limited  by  the  tem- 
perature rather  than  by  other  conditions.  In  some  of  the 
marine  engines  using  steam  at  160  lbs.  pressure,  it  is  found 
that  there  is  a  sufficient  precipitation  of  water  to  permit 
the  use  of  oil  to  be  dispensed  with  after  the  engines  are 
fairly  started  from  port.  The  temperature  due  to  this 
pressure  is  but  about  370  deg.  In  the  Anthracite,  designed 
for  a  higher  pressure,  with  some  superheating,  all  the 
packings  were  made  of  a  metal  adapted  to  obviate  the 
necessity  01  using  oil,  and  it  is  believed  that,  if  the 
steam  be  kept  dry  so  as  to  secure  economy,  that  a  pres- 
sure even  of  300  lbs.  will  not  be  carried  in  practice 
without  the  use  of  some  device  of  this  character;  and 
as  any  specialty  always  acts  to  limit  general  application, 
a  less  pressure  will  probably  be  generally  adopted. 

It  is  considered  by  the  writer  that  the  proper  limit  of 
pressure  has  alreadv  been  reached,  if  not  exceeded,  for 
the  type  of  boiler  used  in  large  ocean  steamers.  Cylin- 
drical boiler  shells  12  ft.  and  upward  in  diameter,  and  \yi 
to  I '4  in.  thick  are  not  recommended,  although  used  in 
practice.  To  limit  the  thickness  even  to  the  figures 
named  it  is  necessary  to  use  steel ;  and  to  procure  even 
this  of  sufficient  tensile  strength,  it  is  necessary,  for  such 
heavy  plates,  to  use  steel  comparatively  high  in  carbon, 
which  is  treacherous  under  ordinary  manipulation.  Not  a 
plate  of  it  should  be  used  without  annealing  after  every 
mechanical  operation  performed  upon  it.  In  fact  the 
whole  boiler  ought  to  be  annealed  after  the  plates  have 
been  riveted  together  in  order  to  overcome  the  injurious 
effects  due  to  local  strains  produced  in  working  it.  but 
this  is  impracticable.  Of  course,  boilers  are  made  as 
heavy  as  this  and  but  few  fail,  but  the  business  cannot 
be  considered  on  a  safe  and  reliable  basis  so  long  as  any 
fail. 

As  these  are  notes  for  discussion,  it  is  considered  well 
to  state  as  an  opinion  that,  since  so  many  manufacturers 
have  gone  into  the  steel  business,  steel  can  no  longer  be 
considered  in  a  commercial  sense  better  than  iron.  The 
element  of  competition  brings  out  steel  which  is  alto- 
gether unfitted  for  boiler  plates.  Some  boiler-makers 
recommend  their  customers  not  to  use  steel,  and  it  is 
only  when  it  is  carefully  inspected  to  ascertain  its  quality 
before  being  made  up,  and  also  carefully  inspected  while 
the  boiler  is  being  constructed,  that  the  steel  boiler  can 
be  relied  upon.  It  is  so  much  more  homogeneous  and  in 
every  way  desirable  when  the  material  is  right  that  there 
is  no  danger  of  every  one  going  back  to  iron  ;  at  the  same 
time,  the  steel  industry  is  bound  to  have  its  ups  and 
downs  on  account  of  the  improper  material  furnished  by 
many  of  the  manufacturers.  The  new  ones  are  not  en- 
tirely to  blame,  as  some  of  the  older  ones  send  out 
inferior  material  under  the  spur  of  competition.  It  may 
be  proper  to  say  that  no  steel  should  be  used  for  boilers, 
unless  it  be  properly  inspected  or  furnished  by  a  firm 
which  is  known  to  keep  up  its  reputation,  and  to  send  out 
nothing  but  what  is  suitable  for  the  purpose. 

The  type  of  boiler  used  in  the  most  modern  men-of-war 
is  of  the  locomotive  type  and  has  a  smaller  shell  than  the 
ordinary  merchant  marine  boiler.and  hence  plates  of  prop- 
per  thickness  can  be  obtained  without  using  steel  so  high  in 
carbon.  It  would  seem  better  to  retain  for  these  boilers 
the  sizes  now  in  vogue,  rather  than  make  larger  ones  re- 
quiring thicker  plates,  and  also  to  retain  substantially  the 
thickness  now  in  vogue,  rather  than  to  carry  higher 
pressures  requiring  plates  so  much  thicker  as  to  necessi- 
tate the  use  of  steel  unusually  high  in  carbon. 

It  is  the  opinion  of  the  writer  that  boilers  to  carry  the 
high  pressures  under  consideration  should  be  entirely 
without  shells,  except  those  of  necessary  separating  drums 
with  comparatively  small  diameters.  On  this  system  there 
will  be  no  difficulty  in  carrying  pressures  as  high  as  400 or 
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500  lbs.  or  more  if  the  dillkuliits  referred  to  in  the  way 
of  lubrication,  etc.,  for  cylinders  could  be  overcome  to 
permit  them.  Sectional  boilers  are  so  well  worked  out 
for  use  on  land,  and  there  has  been  such  measure  of  suc- 
cess even  in  sea-going  vessels,  that  it  seems  safe  to  con- 
clude that  the  use  of  higher  steam  pressures  need  not  be 
limited  by  difficulties  in  the  construction  of  the  boiler. 

There  is  no  reason  why  pressures  as  high  as  those  in 
use  on  the  western  rivers,  viz.:  from  180  as  high  as  200  lbs., 
should  not  be  adopted  in  general  practice  to  secure 
economy  of  fuel,  and  the  considerations  above  expressed 
in  relation  to  the  lubrication,  etc.,  indicate  that  the  press- 
ure may  be  increased  to,  or  nearly  to,  300  lbs.,  when 
commercial  and  economical  considerations  demand  such 
a  pressure.  It  is  probable  that  for  pressures  exceeding 
200  lbs  ,  i7/i'(?(//v///6'-expansion  engines  should  be  used. 
The  experiments  with  the  Autlirdcilc  appear  to  sustain 
such  an  opinion.  The  writer  has  not  seen  a  record  of 
actual  experiments,  giving  quantitative  results  with 
triple-expansion  engines  other  than  those  of  the  Anthra- 
cite, though  much  information  of  a  comparative  nature  is 
available  which  is  subject  to  the  objections  first  above  in- 
dicated. 


Accidents  to  Trainmen. 

Al  the  annual  convention  of  the  Master  Car-Builders' 
Association  in  Minneapolis,  the  following  report  was  pre- 
sented by  Mr.  M.  N.  Forney,  from  the  Committee  on 
Accidents  to  Trainmen  : 

At  each  annual  convention  of  this  Association  for  a 
number  of  years  past  a  committee  has  been  appointed  to 
make  a  report  on  accidents  to  trainmen.  At  successive 
meetings  various  excuses  have  been  made  by  such  com- 
mittees for  not  presenting  reports  on  this  important  sub- 
ject. Within  a  few  weeks  of  the  date  of  the  meeting  of 
this  annual  convention,  the  third  member  of  the  commit- 
tee had  not  heard  from  either  of  the  two  other  members 
of  the  committee.  As  it  seemed  to  him  it  would,  or 
should,  be  a  cause  of  regret  if  no  report  whatever  was 
made  on  so  important  a  subject,  he  determined  to  pre- 
pare a  paper  on  his  own  responsibility  in  the  very  limited 
time  which  the  duties  of  his  official  position  left  at  his 
disposal.  This  paper  or  report  is  therefore  the  work  of  a 
minority  of  one.  After  it  was  written  it  was  submitted  to 
another  member  of  the  Committee,  so  that  it  has  the  sanc- 
tion of  a  majority  of  the  Committee.  Owing  to  the  haste 
with  which  it  has  been  prepared,  it  does  not  assume  to  be 
the  result  of  an  exhaustive  or  adequate  study  of  the  sub- 
ject, but  the  facts  it  contains  and  the  inferences  therefrom 
are  presented  to  the  Association,  with  the  hope  that  they 
will  excite  a  discussion  which  will  suggest  the  direction 
that  a  more  complete  investigation  of  the  subject  should 
take  in  the  preparation  of  a  future  report. 

The  last  reports  of  the  Railroad  Commissioners  of  the 
States  of  Massachusetts,  New  York  and  Michigan  show 
that  during  the  year  previous  there  were  217  railroad  em- 
ployes killed  and  1,226  injured  in  these  three  States. 
From  these  same  reports  and  from  Poor's  Ma?itia!  we  find 
that  there  were  4,856  locomotives  in  the  railroads  of  these 
three  States,  and  in  the  whole  of  the  United  States  there 
were  25,937  locomotives.  Now  it  may  fairly  be  assumed 
that  locomotives  in  other  parts  of  the  country  do  about 
the  same  amount  of  work  that  they  do  in  the  States  named. 
If,  then,  217  employes  are  killed  and  1,226  injured  while 
4,856  locomotives  are  diiing  a  year's  work,  it  may  be  in- 
ferred, by  a  deduction  of  the  single  rule  of  three,  that 
while  25.937  locomotives  in  ali  parts  of  the  country  are 
domg  their  work,  1,426  employes  are  killed  and  6,548  are 
injured.  This,  then,  indicates  approximately  the  annual 
sacrifice  of  life  and  limb  of  railroad  employes  in  this 
country.  The  calculation  makes  no  pretense  to  giving 
accurate  or  precise  figures,  but  it  indicates  with  terrible 
emphasis  what  an  awful  amount  of  suffering,  pain  and 
anguish  is  due  to  this  cause. 

'This  is  perhaps  not  an  occasion  for  being  pathetic,  but 
it  certamly  is  the  duty  of  those  who  compose  this  Asso- 
ciation to  do  all  in  their  power  to  lessen  the  risks  to 
which  those  who  operate  railroads  are  exposed.     AVith 


this  end  in  view,  let  us  inquire  what  are  the  chief  causes 
of  injury  to  trainmen. 

From  the  reports  which  contain  the  figures  quoted,  the 
following  classification  of  the  causes  to  which  the  acci- 
dents are  due  can  be  made. 
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In  the  following  table  the  percentage  which  the  num- 
ber killed  and  injured,  under  each  of  the  headings,  bears 
to  the  total,  has  been  calculated  : 


This  shows  that  nearly  one-half  of  the  injuries  are  from 
coupling  cars,  but  that  the  percentage  of  (atal  accidents 
from  that  cause  is  only  1 3.1,  whereas  27.4  per  cent.,  or 
more  than  twice  as  many,  are  killed  by  falling  from 
trains  and  engines,  but  only  18.5  per  cent,  of  the  injuries 
are  due  to  that  cause.  The  large  number  of  employes 
killed  and  injured  by  coupling  cars,  and  by  falling  from 
trains  will,  or  should  naturally  lead  the  members  of  this 
Association  to  inquire  how  this  mortality  and  mutilation 
may  be  reduced,  as  the  construction  of  cars  has  much  to 
do  with  the  risks  to  which  the  employes  are  exposed. 
Public  clamor  and  indignation  at  the  great  sacrifice  of 
life  and  limb  from  coupling  cars,  has  led  to  the  inference 
that  it  would  be  very  largely  diminished  if  automatic 
couplers  were  generally  adopted,  and  much  of  the  time  of 
this  Association  has  of  late  years  been  devoted  to  the 
consideration  and  investigation  of  the  merits  of  various 
automatic  couplers.  Laws  compelling  the  adoption  of 
automatic  couplers  have  been  hastily  enacted  in  various 
States,  apparently  without  serious  consideration  or  inves- 
tigation of  the  question  whether  their  use  would  materi- 
ally lessen  the  number  of  coupling  accidents.  Owing  to 
the  large  number  and  variety  of  self-couplers  which  have 
been  put  into  use  of  late  years,  the  members  of  this  Asso- 
ciation should  now  be  able  to  know  whether  they  lessen 
or  increase  the  danger  to  employes. 

The  important  question  whether  the  risk  and  danger  in 
coupling  cars  would  not  be  reduced  more  by  improvement 
and  uniformity  of  non-automatic  draw- gear,  than  by  the 
adoption  of  a  variety  of  self-couplers  or  the  attempt  to 
adopt  one  or  very  few  kinds,  is  worthy  of  consideration 
and  discussion  by  this  Association.  Many  experienced 
railroad  men  are  of  the  opinion  that  automatic  couplers 
will  not  reduce  the  danger  and  the  number  of  accidents 
from  coupling  cars.  There  can  be  no  doubt  that  the  form 
and  construction  of  non-automatic  draw-gear  can  be  im- 
proved and  reduced  to  uniformity,  and  that  if  this  was 
done  and  if  the  standards  for  their  height  and  for  the 
dimensions  for  dead-blocks  recommended  by  this  Asso- 
ciation were  generally  adopted,  and  if  obvious  safe-guards 
such  as  handles  on  the  ends  of  cars,  were  generally  pro- 
vided, that  coupling  cars  would  be  much  less  dangerous 
than  it  is  now.  The  difficulties  in  the  way  of  the  adoption 
and  the  use  of  any  one  or  even  a  few  kinds  of  couplers  are 
so  great  as  to  appear  to  be  almost  insurmountable  at  pres- 
ent. There  are  so  many  conflicting  interests  arrayed 
against  each  other,  that  at  present  it  seems  hopeless'  to 
reconcile  them,  and  even  if  there  were  no  such  conflict,  it 
does  not  seem  that  any  self-couplers  which  could  now  be 
selected  would  be  sure' to  lessen  the  risk  of  coupling  cars, 
whereas  it  is  certain  that  the  improvement  and  reduction 
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to  uniformity  of  non-automatic  draw-gear  would  make 
the  occupation  of  the  bralceman  less  dangerous  than  it 
now  is. 

Furthermore,  it  is  very  desirable  that  the  draw-gear 
and  the  ends  of  cars  should  be  uniform  in  construction  if 
an  automatic  coupler  is  adopted,  so  that  if  the  efforts  of 
this  Association  should  be  directed  to  the  improvement 
of  the  non-automatic  draw-gear,  it  would  first  be  certain 
to  diminish  the  risk  of  coupling  cars,  and  next  such  a 
change  will  make  the  adoption  of  automatic  couplers 
easier  in  the  future. 

Regardmg  accidents  caused  by  trainmen  falling  from 
trains,  the  following  remarks  of  a  highly  esteemed  mem- 
ber of  this  Association,  Mr.  J.  W.  Marden,  may  be  quoted. 
In  a  letter  dated  June  1 1,  he  says  : 

"  I  would  urge  upon  all  the  members  the  importance  of 
having  proper  appliances  on  all  of  our  cars  for  the  protection 
of  trainmen,  and  having  them  kept  in  good  condition.  We 
were  receiving  so  many  cars  with  running-boards  defective, 
ladder-rounds,  grabirotis,  steps,  etc.,  gone,  that  I  sent  out  a 
circular  letter  to  different  roads  asking  them  if  they  would  ap- 
prove bills  for  repairs  to  such  appliances  ;  not  that  it  was  accord- 
ing to  the  rules,  but  that  it  was  what  I  considered  a  proper 
charge  to  be  made. 

"  We  have  repaired  running-boards,  grab-irons,  handles, 
etc.,  to  as  high  as  300  foreign  cars  a  month  at  North  Adams, 
which  shows  that  these  appliances  are  not  watched  and  repaired 
as  they  should  be.  I  am  free  to  admit  that  our  own  cars  are 
not  up  to  the  standard  that  they  should  be,  and  yet  we  are 
making  every  effort  to  bring  them  up,  and  would  be  glad  to 
approve  any  bills  for  repairs  of  the  safety  appliances  for  train- 
men." 

Mr.  Marden's  remarks  indicate  that  what  is  needed  is 
more  rigid  inspection  of  cars.  The  author  of  this  paper 
is  not  prepared  to  recommend  any  improvement  in  the 
appliances  for  the  protection  of  trainmen  from  this  class 
of  accidents  referred  to,  but  he  has  no  doubt  that  the  ex- 
perience of  the  members  of  this  Association  would  enable 
them  to  point  out  the  defects  and  suggest  improvements 
•n  the  steps,  handles,  railings,  etc.,  of  the  cars  now  in  use. 
There  seems  to  be  no  good  reason  why  a  standard  should 
aot  be  adopted  for  the  construction,  location  and  propor- 
:ion  of  such  parts  of  cars.  If  uniformity  could  be  secured 
there  certainly  would  be  less  danger  to  trainmen  than 
there  is  now,  when  nearly  every  car  in  a  train  is  different 
from  every  other  car. 

The  ai.n  of  this  paper  is  to  present  the  subject  in  such 
a  way  as  will  call  out  discussion,  and  which,  as  mentioned 
before,  will  indicate  the  direction  that  the  inquiries  of  the 
Committee  should  take  for  a  future  report  to  guide  the 
action  of  the  Association. 


Automatic  Car-Couplers. 

The  Committee  on  Automatic  Couplers  for  Freight 
Cars  presented  a  report  to  the  Master  Car-Builders'  Con- 
vention at  Minneapolis  which  is  long  and  of  so  much 
value,  that  we  regret  that  we  can  find  space  to  give  only 
the  conclusion.  The  report  is  signed  by  Messrs.  B.  K. 
Verbrj'ck,  F.  D.  Adams,  John  W.  Cloud,  R.  C.  Blackall, 
E.  W.  Grieves,  John  S.  Lentz,  John  Kirby,  and  Edward 
B.  Wall,  and  their  conclusions  are  as  follows  : 

CONCLUSIONS. 

We  have  now  therefore  reached  the  point  in  the  solu- 
tion of  this  problem,  where  we  can  say  that  the  question 
which  presented  itself  at  this  time  last  year,  with  reference 
to  the  value  of  slack,  has  been  decided,  and  that  conse- 
quently the  choice  for  this  Association  to  make  is  again 
narrowed  down  by  a  great  step  from  between  the  loose 
link  and  the  hooks  coupling  vertically,  to  the  best  sub- 
types of  the  hooks.  »  *  *  ♦ 

The  Janney  type  of  coupler,  including  the  Janney,  Dow- 
ling,  Thurmond,  and  we  think  ultimately  the  Barnes  and 
Hien,  is  the  type  to  which  the  evolution  of  the  subject  has 
brought  us  ;  it  affords  a  close  coupling  with  spring  slack  ; 
it  makes  it  possible  to  use  power  train-brakes  ;  it  already 
includes  several  couplers  and  opens  the  door  to  more,  so 


that  no  railroad  company  is  restricted  to  purchasing  from 
one  manufacturer;  it  incorporates  more  of  the  practical 
requirements  of  a  perfect  automatic  train  connection  than 
any  other  type  or  form  of  coupling.  It  is  not  a  new,  un- 
known and  untried  coupler;  it  has  been  used  in  the  Jan- 
ney form  very  extensively  on  some  of  our  largest  roads  in 
the  North  and  West,  and  in  the  Thurmond  form  in  the 
South.  Its  most  serious  defect  is  in  strength,  and  the 
question  that  now  presents  itself  is,  "Can  this  defect  be 
remedied?"  We  consider  that  it  can,  and  the  further  de- 
velopment of  the  problem  must  be  in  this  direction,  and 
what  we  say  here  on  the  subject  of  strength  is  applicable 
to  all  forms  of  couplers,  no  matter  of  what  type.  This  de- 
velopment can  be  accomplished  by  following  three  paths: 
First  ;  Increase  the  dimensions. 
Second  ;  Improve  the  character  of  the  material. 
Third:  Protect  the  coupler  by  deadwoods,  or,  better 
still,  spring  buffers.  *  »  *.  * 

Your  Committee  feels  that  the  status  of  the  problem  at 
the  present  time,  as  here  stated,  warrants  them  in  making 
the  recommendation  that  this  Association  recommend,  as 
a  standard  form  of  coupling,  the  Janney  type  of  coupler; 
that  the  Association  procure  one  of  the  present  make  of 
Janney  coupler,  selection  being  made  by  a  committee 
appointed  for  that  purpose,  and  then  all  other  forms  of 
couplers  that  will  automatically  couple  to  and  with  this 
coupler  under  all  conditions  of  service  are  to  be  considered 
as  within  the  Janney  type  and  conforming  to  the  standard 
of  this  Association.  Your  Committee  trust  that  you  will 
see  fit  to  submit  this  recommendation  to  letter  ballot ;  we 
make  it  with  a  full  appreciation  of  the  gravity  of  the  situ- 
ation. We  have,  as  our  past  and  present  reports,  we  trust, 
will  show,  approached  this  conclusion  with  great  care  and 
consideration,  and  we  believe  that  no  other  conclusion 
would  be  in  harmony  with  the  facts. 

Our  study  has  been  based  purely  on  the  mechanical 
features  of  the  problem,  although  we  have  not  hesitated 
to  consider  and  point  out  incidental  advantages,  not 
mechanical,  that  would  result  from  the  adoption  of  the 
Janney  type.  We  believe  that  the  office  of  this  Associa- 
tion, and  of  its  members,  is  with  the  mechanical  depart- 
ment of  railroading,  and  that  what  our  railroads  want  and 
look  to  us  for,  is  a  statement  of  what  type  of  coupler  best 
fulfills  the  mechanical  condition  of  a  perfect  train  connec- 
tion ;  when  we  have  done  this  we  have  performed  our 
duty,  and  to  our  superior  officers  belongs  the  question  of 
negotiation  for  the  use  of  couplers.  If  you  approve  the  re- 
commendation of  your  Committee,  you  give  the  railroads 
the  type  of  coupler  which  meets  more  of  the  requisites 
than  any  other  type  or  form.  It  is  a  type  capable  of  fun- 
damental duplication,  already  duplicated  successfully,  so 
that  there  is  now,  and  we  believe  there  will  be  still  more 
opportunity  for  selection  between  several  ditTerent  forms 
of  the  same  type. 

There  is  an  urgent  necessity  that  the  Association  should 
act  at  this  time,  either  in  the  line  that  your  Committee 
has  recommended,  or  in  some  other.  Railroads  have 
reached  a  point  where  there  is  an  absolute  need  for  an 
automatic  train-coupler;  it  is  vividly  apparent  that  a 
coupler  must  be  introduced  to  save  the  life  and  limb  of 
the  employes  ;  to  decrease  the  cost  of  operation  by  enabling 
the  use  of  power  train-brakes;  to  do  away  with  the  shocks- 
of  stopping  and  starting,  and  to  eliminate  the  damage  of 
I    bunching  trains  in  sags  and  hollows. 

The  public  demands  it;  the  safety  of  the  trainmen 
demands  it,  and  the  economical  operation  of  railroads 
demands  it  already.  Already,  several  corporations  are 
'  acting,  and  more,  some  of  them  very  large,  are  acting 
this  year;  the  urgency  is  great  and  will  not  brook  delay. 
If  we  do  not  agree  upon  some  course,  we  will  be  repre- 
hensible, for  it  is  only  by  this  Association  that  uniformity 
can  be  established,  in  order  that  all  of  the  lives  and  limbs- 
which  it  is  possible  to  save  will  be  saved  ;  that  all  of  the 
benefits  in  operation  that  it  is  possible  to  achieve  will  be 
achieved.  If  we  do  not  secure  this  uniformity,  who  will 
be  responsible  for  the  e.itra  risk  which  conies  to  train 
men  when  two  odd  couplers  on  a  home  and  foreign  car 
are  brought  in  conjunction.'  Who  will  be  responsible 
for  the  extra  cost  of  operation  that  such  a  condition  will 
entail  ?     This  Association.     The  fruit  is  now  ripe,  and  i5 
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you  do  not  i)ick  it  it  will  be  spoiled,  for  next  year, 
numberless  cdiiipliciitions,  arising  from  the  introduction 
of  miscellaneous  couplers,  will  lose  this  Association  in  a 
mesh  from  which  it  will  never  be  able  to  rise,  and  our 
opportunity  to  serve  our  fellow-men  and  our  companies 
will  be  irrevocably  lost. 

In  view  of  the  facts  already  mentioned,  that  the  best 
type  of  couplers  is  still  undergoing  development  in  mat- 
ters of  strength  and  simplicity,  and  that  many  railroads 
are  not  ready  to  adopt  it  until  it  is  better  perfected,  your 
Committee  would  further  recommend  the  continuance  or 
use  of  the  .Marks,  the  Ames  and  the  McKeen  couplers  as 
the  best  representatives  of  the  loose  coupler. 


Freight-Train  Brakes. 

A  I  the  convention  of  the  Master  Car-Builders'  Associa- 
tion in  Minneapolis,  the  Committee  on  Freight-Train 
Brakes  presented  an  elaborate  report  giving  the  history 
of  the  brake  tests  at  Burlington  last  year  and  of  the  tests 
in  May  of  this  year.  An  interesting  part  of  the  report, 
on  Resistance  of  Trains,  is  given  on  another  page.  Of 
the  rest  we  have  only  space  for  some  of  the  conclusions 
reached  by  the  Committee,  wliich  are  given  below  ; 

ELElTRICAL    APl'AR.A  IlIS. 

It  seems  to  us  the  whole  question  of  the  application  of 
electricity  to  railroad  braking  resolves  itself  into  three 
important  questions  ; 

First,  can  a  valve  mechanism  be  made  operative  by 
electricity,  which  shall  be  permanent  and  practical  for 
railroad  service,  not  having  parts  too  sensitive  or  of  too 
fin^  adjustment  ?  We  think  it  can.  The  valve  construc- 
tion, as  shown  by  Mr.  Carpenter,  the  same  which  he  used 
in  these  trials,  is  certainly  not  more  delicate  and  com- 
plicated than  that  of  the  well-known  Westinghouse  triple 
valve. 

Secondly,  can  the  electric  conductor  for  working  these 
valves  be  so  insulated  and  protected  as  to  avoid  short 
circuits  and  other  injuries  ?  We  think  it  can,  by  running 
the  wires  inside  of  the  air  pipes,  where  they  are  as  little 
liable  to  derangement  and  injury,  and  become  as  per- 
manent and  certain  in  their  functions,  as  any  other 
feature  of  the  brake  mechanism.  In  all  the  electric 
brakes  shown  the  wires  are  laid  inside  the  air-hose  coup- 
Jings,  where  they  are  fully  protected  and  their  connections 
are  made  from  car  to  car  easily  and  certainly,  so  that  this 
important  point  is  so  far  settled  as  to  require  no  further 
explanation. 

The  remaining  point  is  the  source  of  the  electro-motive 
force. 

Of  the  different  means  employed  by  the  companies  rep- 
resented, the  secondary  battery  appears  the  most  reliable, 
giving  a  constant  current  all  the  time  until  discharged, 
recharging  being  a  simple  process  which  can  be  so 
methodically  and  practically  arranged  as  not  to  inter- 
fere with  brake  service  nor  add  materially  to  the  ex- 
pense. 

If  brakes  worked  by  electricity  are  to  come  into  gen- 
eral use  it  is  probable  that  both  battery  and  dynamo  will 
give  way  to  the  magneto  generator,  being  a  small  machine 
about  18  in.  square,  having  an  easily  turned  crank  which 
instantly  develops  the  electro-motive  force  required,  so 
that  a  turn  of  the  crank  will  actually  apply  or  release  the 
brake.  One  of  these  machines  was  shown  us  in  operation 
upon  an  engme  and  tender  brake.  This  apparatus  may 
solve  a  most  important  point  connected  with  the  applica- 
tion of  electricity  to  railroad  brakes,  in  as  much  as  it  ren- 
ders the  apparatus  on  the  locomotive  independent  of  any 
special  stations  or  roundhouses  or  any  stated  period  when 
a  battery,  if  used,  would  have  to  be  recharged. 

We  believe  from  what  we  have  seen  at  the  Burlington 
brake  tests,  and  from  close  personal  examination  of  the 
several  electrical  arrangements  for  braking,  that  electric- 
ity, properly  devised  and  managed,  may  be  made  a  valu- 
able auxiliary  to  actual  power  brakes  on  long  trains,  and 
their  efficiency  considerabl\-  increased  thereby. 


GENERAL  CONCLUSIONS. 

At  the  conclusion  of  the  1886  trials  the  Committee  felt 
that  to  sum  up  any  results  in  the  face  of  .so  large  a  field 
for  improvement  could  not  but  be  unsatisfactory,  and 
while  a  wonderful  advance  has  been  made  in  the  brake 
problem,  as  will  be  seen  by  a  comparison  of  the  slops  of 
each  year,  the  1887  tests  apparently  leave  the  field  for 
improvement  open  as  wide  as  in  18S6. 

The  Widdifield  t'^  Button  and  the  Rote  buffer  brakes, 
hopeful  over  the  shocks  given  by  the  atmospheric  brakes, 
are  fitting  up  or  have  fitted  trains  to  pursue  their  investiga- 
tions; the  Westinghouse  Brake  Company,  loath  to  accept 
the  teachings  of  1887,  is  making  changes  in  valves  and 
piping  by  which  it  hopes  to  make  short  50-car  emergency 
stops  without  objectionable  shocks  and  without  the  aid 
of  electricity;  the  American  Brake  Company,  convinced 
that  buffer  brakes  cannot  compete  with  the  continuous,  is 
about  testing  a  50-car  train  fitted  with  a  new  electric 
atmospheric  brake.  While  we  are  not  prepared  to  make 
any  definite  recommendation  at  this  writing  as  to  what 
freight-train  brake  should  generally  be  adopted,  our  pres- 
ent information,  derived  from  the  recent  tests,  points  to 
two  conclusions: 

First,  that  the  best  type  of  brake  for  long  freight  trains 
is  one  operated  by  air,  and  in  which  the  valves  are  actuated 
by  electricity. 

Second,  that  this  type  of  brake  possesses  four  distinct 
advantages. 

(d)   It  Stops  the  train   in  the  shortest   possible  distance. 

(i)  It  abolishes  shocks  and  their  attending  damages  to 
equipment. 

(c)  It  releases  instantaneously. 

(J)  It  can  be  graduated  perfectly.  The  further  question 
as  to  whether  electricity  is  a  sufliciently  relu  ble  element 
to  use  in  freight-train  service  is  one  that  can  only  be 
determined  by  experiment,  but  we  think  the  benefits 
derived  from  electricity  are  so  manifest  that  the  experi- 
ment is  well  worth  trying. 

In  view  of  the  foregoing,  and  of  the  improvements  that 
the  buffer  and  atmospheric  brakes  are  making,  your  Com- 
mittee recommends  1  hat  the  subject  of  Automatic  Freight- 
Train  Brakes  be  continued  for  further  investigation. 


Manufacturing  Notes. 

Riehlc  Brothers,  in  Philadelphia,  have  recently  received 
orders  for  a  number  of  large  scales  and  testing  machines  for 
various  parties.  These  include  a  cement-testing  machine  for 
Princeton  College  and  a  spring-testing  machine  to  go  to  Lon- 
don, England. 

The  Lobdell  Car  Wheel  Company  recently  purchased  the 
mineral  rights  on  a  tract  of  land  containing  400  acres  at  Max 
Meadows.  Wythe  County,  Va.,  for  |i,ooo.  Miners  were  put 
to  work  developing,  and  in  a  short  time  uncovered  a  load  of 
iron  ore  of  most  excellent  quality,  and  apparently  great  ex- 
tent. 

The  Pennsylvania  Bolt  &  Nut  Company,  of  Lebanon,  Pa., 
has  recently  added  an  artificial  gas  plant  to  the  works.  The 
furnace  and  gas  producers  were  designed  by  M.  V.  B.  Smith, 
Metallurgical  Engineer,  of  Pittsburgh,  and  contain  improve- 
ments whereby,  it  is  said,  the  consumption  of  fuel  is  reduced 
to  less  than  250  pounds  of  Clearfield  coal  to  the  gross  ton  of 
iron  heated. 

The  South  Baltimore  Car  Company  has  been  recently  organ- 
ized. The  capacity  of  the  works  will  be  from  S  to  12  freight- 
cars  per  day.  The  location  is  at  Curtis  Bay  on  a  branch  of 
the  Baltimore  &  Ohio  Railroad,  about  6  miles  south  of  Balti- 
more, where  a  large  tract  of  land  has  been  secured.  From  50 
to  100  houses  will  be  erected,  to  be  occupied  by  the  men  and 
their  families  employed  in  the  shops  ;  streets  will  be  laid  out, 
paved  and  curbed  by  the  time  the  works  are  in  operation.  The 
contract  for  the  buildings  has  been  let  to  Philip  Walsh  &  Sons, 
of  Baltimore;  they  will  be  completed  by  September,  1SS7. 
The  buildings  will  be  of  frame  covered  with  corrugated  iron 
excepting  the  cupola-house  and  saw-mill,  which  are  of  brick 
with  slate  roofs.  It  is  expected  that  the  works  will  be  in 
operation  by  October  or  November  next.  Mr.  Wm.  Keyser 
is  President  ;  E.  Brent  Keyser.  Secretary  and  Treasurer  ; 
Howard  Carlton,  Manager. 
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[Copyrighted  by  the  Rogers  Locomotive  &  Machine  Works.] 

THE    ROGERS    LOCOMOTIVE   AliD    MACHINE 
WORKS. 

(Continued  from  page  276.) 

Chapter  V. 

THE    ENGINES. 

SI.IDE-VALVF.S. 

The  first  slide-valves   used  at  the   Rogers  Works  were  the 
ordinary  D  pattern.     In  1853,  Mr.  Rogers  adopted  the  Hack- 


son  afterward  modified  and  introduced  in  the  form  shown  by 
figs.  167  and  168.  This  had  a  saddle,  S,  on  top,  the  position  of 
which  was  regulated  by  set  screws,  as  shown.  The  saddle  had 
steam  openings,  /j  B,  and  an  exhaust  opening,  A,  on  its  under 
side.  The  valve  had  double  exhaust-ports,  the  same  as  are 
shown  in  figs.  165  and  166.  In  addition  it  had  two  supple- 
mentary steam  passages  C  C.  In  the  position  show  in  fig.  l6g, 
not  only  was  the  sleamport  B  open  at  /'.  but  there  was  an- 
other opening  at  a  through  which  steam  passed  to  the  supple- 
mentary port  c,  as  shown  by  the  dart,  and  thence  to  the  cylin- 
der. The  opening  of  the  steam- ports  was  thus  doubled  during 
the  early  portion  of  the  period  of  admission.  A  similar  action 
occurred  on  the  e.xliaust  side.  This  valve  was  tried,  but  with 
rather  doubtful  resulting  advantages. 

In  1S68,  the  Bristol  roller  slide-valve,  shown  by  figs.  170 
and  171,  was  applied  to  a  number  of  engines.  This  valve  rested 
on  a  series  of  rollers,  R  R,  placed  in  each  side  of  the  valve. 
They  were  connected  to  a  frame,  F  F,  their  axles  or  spindles 
having  a  little  play  in  their  journals.  Steel  plates  were 
attached  to  the  valve  on  each  side,  and  others  to  the  valve- 


Fig.   167. 

seat,  so  that  the  rollers  rested  on  the  latter  below,  and  the 
valve  was  carried  by  the  upper  plates,  which  in  turn  rested  on 
the  rollers.  With  careful  workmanship,  the  pressure  of  the 
valve  could  be  carried  on  the  rollers,  and  as  it  wore,  of  course, 


E 
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Fig.  169. 


Fig.   170. 


Fig.   171. 


worth  valve,  lig.  165,  with  double  exhaust-ports.  This  valve 
had  about  f'j-in.  lap  at  a  17',  and  only  ^'j  at*.  Consequently,  the 
steam  was  not  released  at  a  a  ,  as  shown  in  fig.  166,  until  the 
steam-port  B  was  opened  nearly  i',.  in.  wide  at  /'.  Then  the 
two  ports  a  and  a'  each  commence  to  open.  The  exhaust  was 
thus  delayed,  but  when  it  did  begin  the  steam  escaped  through 
both  of  the  openings  at  a  a'.  The  area  of  the  exhaust  opening 
was,  therefore,  doubled  when  the  release  occurred.  This 
form  of  valve  was  used  up  to  1872  and  applied  to  more 
than  250  engines,  but  its  advantages  did  not  seem  to  compen- 
sate for  the  increase  in  its  area,  which  was  due  to  the  double 
ports. 

In  1S64,  Mr.  lohn  Gleason  patented  a  valve  which  Mr.  Hud- 


there  was  little  or  no  contact  between  its  face  and  seat.  These- 
valves  were  quite  extensively  introduced,  but  their  use  has 
been  gradually  abandoned. 

In  1S82,  two  forms  of  the  Allen  valve  were  introduced. 
Figs.  172  and  173  show  an  Allen  valve  with  Richardson's 
•' balanced  "  or  equilibrium  device  applied  to  it,  and  fig.  172 
shows  an  .-Mien  valve  with  extensions  to  increase  its  length, 
and  with  steam-ports  to  admit  live  steam  from  below  into  the 
supplementary  port  5  S.  The  Allen  valve,  although  an  Ameri- 
can invention,  was  not  used  on  locomotives  in  this  country  to 
any  extent  until  after  the  expiration  of  the  patent  on  it.  It  is 
now  extensively  used,  and  its  advantages  are  generally  recog- 
nized. 
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Fig.  174. 


THE  RUNMIXG  GEAR. 


The  frames  used  on  the  first  locomotives  built  by  Mr.  Rogers 
(see  figs.  12  and  14)  were  made  of  two  plates,  with  wood  filling 
between  them.  The  journal  bearings  were  outside  the  wheels, 
as  shown  in  the  figs,  referred  to. 

Bury,  who  first  introduced  the  hemispherical  topped  furnace 


in  England,  also  used  bar  frames  on  some  of  his  engines.  It 
seems  probable  that  his  form  of  fire-box  and  method  of  con 
structing  frames  were  simultaneously  introduced  here.  There 
are  no  drawings  extant  of  the  early  frames  made  at  the  Rogers 
Works,  but  in  1844  the  form  of  frame  shown  in  fig.  175  was 
used.  It  consisted,  as  will  be  seen,  of  a  straight  barjon  top, 
with  cast-iron  pedestals  bolted  to  it  and  braced  at  the  bottom 
very  much  after  the  manner  in  use  at  present.  ,^ 

In  1850,  wrought-iron  pedestals  were  substituted  for  those 


Fig.  177. 
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Fig.  178. 
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Fig.  179. 
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of  cast-iron,  as  shown  in  fig.  176.  In  1854,  the  whole  frame 
was  forged  in  one  piece,  as  shown  in  fig.  177.  With  this  form 
of  construction  some  difficulty  was  encountered  in  cases  of 
collision  and  other  accidents  to  locomotives,  in  which  either 
the  front  or  the  back  ends  of  the  frames  were  injured.  It  then 
became  necessary  to  talce  down  the  whole  frame  to  repair  one 
end.  This  led  to  making  the  front  and  back  ends  in  separate 
pieces  and  boUini;  them  together,  as  shown  in  fig.  178.  With 
this  plan,  if  cither  end  was  taken  down,  it  was  necessary  10 
.remove  one  pair  of  driving-wheels.     As  the  front  part  of  the 


SPRINGS  A.N'D  KQUALIZING  LEVERS. 

Ordinary  equalizing  levers  were  used  between  the  driving, 
heels  on   the   engine  represented   by  fig.  i^,  which  was  built 
]    in  1845.     Mr.  Rogers  appreciated  their  value,  and  very  few,  if 
any,  engines  were  afterward   built  without  using  them  in  some 
form.      Figs.  1S2  to   iS6show  the  forms   of  spring  and   equal- 
izing lever  arrangement  that  were  successively  used  for  eight- 
wheeled  American  engines. 
I        Figs.  1S7  and  inS  represent  a  plan  adopted  for  narrow-gauge 


Fig.   180. 


frame  is  usually  injured  in  accidents,  it  was  desirable  to  be 
able  to  take  it  down  without  removing  any  of  the  driving- 
wheels.  The  plan  shown  in  fig.  179  was  therefore  adopted  in 
186S.  In  this  the  front  end  is  bolted  to  the  back  end,  ahead  of 
the  front  pedestals,  so  that  the  front  part  can  be  removed  with- 
out disturbing  the  driving-wheels,  if  it  is  desirable  to  do  so. 
This  form  of  construction  is  the  one  which  is  still  used  and  has 
been  very  generally  adopted  on  .\meric 


engines  in  1S78.  The  purpose  was  to  allow  a  wider  fire-bo.\ 
to  Ije  used  than  is  possible  when  the  springs  are  placed  along- 
side of  it. 

Fig.  :Sq  shows  the  arrangement  of  springs  used  in  iSSo  for 
consolidation  engines.  The  springs  for  the  front  a.xle  are  not 
shown  in  the  engraving.  Their  connection  with  the  leading 
truck  and  other  applications  of  equalizing  levers  will  be  de- 
scribed further  on  under  the  head  of  trucks. 


Fig.   183.— 1S50. 


One  of  the  difficulties  in  the  construction  of  narrow-gauge 
engines  is  that  there  is  not  room  enough  between  the  frames 
for  the  fire-box,  and  it  must,  therefore,  be  made  very  narrow. 
To  obviate  this,  Mr.  Hudson,  in  1873,  designed  the  frames 
shown  in  figs.  180  and  181.  In  this  plan  the  main  frames  A  A, 
are  placed  in  the  usual  position  inside  of  the  wheels.  A  cross- 
plate,  B  B,  which  projected  outside  of  the  wheels,  was  bolted 
to  the  back  ends  of  the  frames.  Two  flat-bars,  C  C,  were  then 
bolted  to  the  cross  plate,  and  placed  far  enough  apart  so  as  to 
give  sufficient  room  between  them  for  a  fire-box  of  the  width 
required. 


DRIVING-WHKELS. 

A  method  of  constructing  driving-wheels  for  5  ft.  gauge  roads, 
which,  it  was  expected,  would  have  their  gauge  changed,  and 
which  would,  therefore,  require  to  have  their  tires  brought  nearer 
together  to  conform  to  the  altered  gauge,  is  shown  in  figs.  190 
and  191.  A  projection,  /'  /',  was  cast  on  the  inside  of  the  wheel- 
center.  The  tires  were  then  set  to  conform  to  the  wide  gauge. 
When  the  time  came  to  narrow  it,  the  tires  were  simply  moved 
farther  in.  The  projection  of  the  wheel-center  which  was  left  on 
the  outside  was  then  turned  off,  which  left  the  wheel  in  proper 
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Fig.   184.— 1S60. 


Fig.   187. 
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condition  for  the  narrow  gauge.  The  first  engine  with  wheels 
constructed  in  this  way  was  for  the  Alabama  Great  Southern 
Railroad  in  i38i.  After  that  all  engines  built  for  5  ft.  gauge 
roads,  which  it  was  expected  would  be  changed  to  the  standard 


gauge, 


were  made  in  this  way 


James  Cullen,  Master  Mechanic  of  the  Nashville,  Chattanooga 
&  St.  Louis  Railroad,  to  Mr.  R.  S.  Hughes,  Secretary  and 
Treasurer  of  the  Rogers  Locomotive  and  Machine  Works. 
The  plan  was  at  once  adopted  for  engines  for  the  5  ft. 
gauge. 


Fig.   193.— 1845. 


In  addition  to  the  extra  depth  of  the  rim  of  the  wheel-center 
the  spokes  were  extended  on  the  outside  so  as  to  form  a  brace 
or  support  to  the  projecting  rim.  These  braces  as  well  as  the 
projection  were  turned  off  when  the  gauge  of  the  wheels  was 
narrowed. 

This  expedient  for  changing  the  gauge  was  suggested  by  Mr. 


CONNECTING-RODS. 

Figs.  192  to  203  represent  various  forms  of  connecting-rods 
which  have  been  made  at  the  Rogers  Works  at  various  times. 
The  dates  when  they  were  first  used  are  appended  to  the  en- 
gravings, which  show  the  construction  so  clearly  that  further 
description  is  not  needed. 
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Fig.  196. — 1870. 
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{To  ht  continued.) 
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Proceedings  of  Societies. 


American  Association  of  Railroad  Chemists. 

This  Association  was  formcil  .u  m  meeting  hekl  in  ChicaRo 
in  January  last.  The  second  meetinj;  was  held  in  Buffalo,  X. 
Y.,  May  23. 

The  first  day  was  occupied  by  a  discussion  of  water  for  loco- 
motive boilers  and  the  various  methods  of  water  analysis,  and 
by  a  short  discussion  on  disinfectants  for  railroad  use. 

On  the  second  day  there  were  discussions  on  lubricating  oils, 
on  the  composition  of  freight-car  paint  and  on  illuminating 
oils. 

It  was  decided  to  hold  the  next  meeting  at  Omaha,  Neb., 
September  25. 

The  otlicrs  of  the  Association  are  :  President,  Dr.  C.  M. 
Cresson,  Baltimore  ^S:  Ohio;  Vice-President,  \V.  L.  Brown, 
Chicago,  Burlington  Ov:  Quincv  ;  .Secretary  and  Treasurer,  H. 
B.  Hodges,  Union  Pacific. 

The  constitution  provides  that  the  sessions  of  the  Association 
may  be  private  whenever  it  is  considered  expedient  ;  that  is, 
whenever  papers  or  discussions  may  bear  upon  the  quality  or 
composition  of  products  furnished  bv  manufacturers. 


Connecticut  Civil  Engineers   &   Surveyors'  Association. 

A  REGULAR  meeting  of  this  .Association  was  held  in  Norwich, 
Conn.,  June  7.  There  was  a  large  attendance  and  a  number 
of  new  members  were  admitted. 

The  members  spent  a  part  of  the  day  in  visiting  the  Norwich 
water-works  and  several  large  factories. 

In  the  evening  a  paper  was  read  by  W.  H.  Burnett,  of  Nor- 
wich, on  the  Relation  of  Photography  to  Engineering,  illus- 
trated by  views  and  prints. 

Notes  giving  facts  in  relation  to  the  various  works  visited  by 
the  party  during  the  day  were  also  read. 

Blue  prints  of  Reservoir  Dams  and  Embankments,  and 
Anchor-Ice  were  distributed  by  W.  H.  Richards,  of  New  Lon- 
don, and  of  a  Break  in  Brick  Sewer  and  a  Plan  Case  by  C.  E. 
Chandler. 


American  Institute  of  Mining  Engineers. 


The  48th  meeting  of  the  Institute  consists  of  an  e.xcursion 
leaving  Chicago  July  i,  and  taking  in  Denver,  Pueblo,  Salt 
Lake,  Butte  City  (Montana),  Helena  and  the  Yellowstone  Park. 
Sessions  are  to  be  held  at  Salt  Lake  and  Butte  City,  and  the 
members  joining  in  the  excursion  will  reach  Duluth  on  their 
return  on  July  24.  The  total  cost  of  the  excursion  for  each 
person  joining  is  $260. 

The  circular  from  Professor  R.  W.  Raymond,  the  Secretary, 
after  giving  particulars  as  above,  continues  ; 

"The  49th  meeting  of  the  Institute  will  be  held  at  Duluth, 
Minn.,  beginning  Tuesday  evening,  July  26.  The  detailed 
programme  of  this  meeting  will  be  either  communicated  in  a 
later  circular  from  this  office,  or  handed  to  members  on  their 
arrival  at  Duluth.  At  present  it  can  only  be  said  that  there 
will  be — besides  the  hospitalities  and  pleasures  of  Duluth  and 
its  harbor — excursions  to  the  Vermilion  and  Gogebic  mines. 
Letters  concerning  this  meeting  may  be  addressed  to  Mr.  R. 
S.  Munger,  Duluth,  Minn. 

"  In  view  of  the  result  of  the  above  arrangements,  in  bring- 
ing together  the  two  meetings  usually  separated  by  several 
months,  there  is  danger  that  the  number  of  papers  to  be  in- 
cluded in  Vol.  XVI  of  the  Tiansactions  may  fall  below  the 
usual  average.  Members  are  earnestly  requested  to  prepare 
papers  for  one  or  the  other  of  the  meetings  announced  in  this 
circular.  In  actual  reading  of  papers  preference  will  be  given 
at  each  meeting  to  those  which  are  descriptive  of  local  mines, 
works  or  practice  ;  and  members  residing  in  or  familiar  with 
the  mining  districts  of  Utah  and  Montana,  or  with  the  iron 
ranges  of  the  lake  region,  are  specially  urged  to  prepare  such 
papers.  If  necessary,  time  can  be  allowed  after  the  meeting 
for  perfecting  the  manuscript  for  publication.  All  members 
intending  to  have  papers  presented  or  read  by  title  at  either  of 
the  meetings  are  requested  to  inform  the  undersigned  at 
once. 

"Vol.  XV  of  the  Transactions  is  now  nearly  complete.  If 
possible,  it  will  be  finished  before  July  i,  so  as  to  be  distributed 
in  July.     Members  who   have   ordered  their  copies  bound  will 


receive  them  a  little  later  than  others.  Those  who  wish  their 
copies  bound  in  half-morocco  but  have  not  yet  given  the  order, 
should  do  so  at  once,  sending  $1  to  pay  for  binding.  Volumes 
once  sent  in  paper  covers  cannot  be  subsequently  exchanged  for 
bound  ones  at  this  price. 

"The  volume  will   be  sent  to  such  members  and  associates 
only  as  are  not  in  arrears  for  dues." 


American  Society  of  Civil  Engineers. 

A  KKcuJi.AK  meeting  was  held  at  the  Society's  House  in  New 
York.  June  i,  President  Worthen  in  the  chair.  The  following 
clecticms  were  announced  : 

Members:  I'rank  Bruen.  New  Haven,  Conn.;  Henry  Man- 
son  Byllesby,  Pittsburgh,  Pa.;  Samuel  Barrett  Cushing,  Provi- 
dence,  R.  1.;  Herbert  Clark  1-elton.  Camden,  N.  J.;  Silas 
Bent  Russell,  St.  Louis,  Mo.;  Robert  Somerville,  Greenville, 
Miss.;  William  Parsons  Watson,  Helena.  Montana. 

Juniors  :  Benjamin  Douglas,  Detroit,  Mich.;  Joseph  Yendes 
Wheatley,  New  York  City. 

There  were  on  exhibition  several  models  of  turrets,  gun- 
carriages,  etc.,  made  by  the  late  Captain  Eads  at  the  time  he 
was  building  gunboats  for  the  Mississippi  River,  and  now  pre- 
sented to  the  Society  by  his  heirs. 

Mr.  Thompson  exhibited  a  print  of  the  first  sleeping-car. 
This  was  a  lithograph,  made  in  Philadelphia  in  1S38,  of  Rich- 
ard Imlay's  "  day  and  night  car  ; "  as  stated  on  the  print,  this 
car  was  ;o  ft.  long,  13  ft.  0  in.  high  over  all,  and  could  carry 
150  passengers,  having  40  sleeping  berths  and  an  apartment 
for  ladies.  The  car  as  shown  was  two  stories  high,  but  the 
interior  arrangements  were  not  indicated.  One  peculiarity 
seemed  to  be  the  attachment  of  the  draft  .imbers  directly  to  the 
trucks,  without  any  connection  with  the  body  of  the  car.  No 
one  present  was  able  to  say  whether  any  car  was  ever  built 
after  Mr.  Imlay's  plan. 

The  Secretary  read  a  paper,  compiled  by  himself  from  the 
latest  authorities,  on  the  German  System  of  Permanent  Way 
with  Iron  Substructure.  It  was  an  account  of  the  German  prac- 
tice in  the  use  of  iron  ties  for  railroads.  Two  interesting  facts 
were  stated  ;  First,  that  the  greatest  trouble  had  been  caused 
by  splitting  or  cracking  longitudinally,  both  with  cross-ties 
and  longitudinal  sleepers  ;  second,  that  deterioration  by  corro- 
sion of  the  metal  was  greatest  under  a  light  traffic. 

A  brief  discussion  followed,  in  which  it  was  stated  that  no 
actual  experience  with  paper  or  glass  ties  has  been  recorded. 

A  REGULAR  meeting  of  this  Society  was  held  June  15  at  the 
Society's  House  in  New  York. 

M.  Boulangfe,  a  French  engineer,  who  has  been  for  three 
years  Chief  of  Section  on  the  Panama  Canal,  was  present  and 
upon  invitation  addressed  the  Society,  giving  some  account  of 
the  condition  of  the  work  upon  the  canal  from  his  actual  ex- 
perience and  observations.  He  also  answered  numerous 
questions  which  were  put  to  him  by  members  present.  He 
had  left  his  position  on  the  canal  on  account  of  a  severe  attack 
of  Isthmus  fever,  from  which  he  has  just  recovered. 

The  view  of  the  present  condition  and  prospects  of  the  canal 
given  by  this  gentleman  were  exceedingly  discouraging  to 
those  who  desire  its  coiripletion.  The  total  amount  of  work 
to  be  done  according  to  the  lowest  estimate  amounts  to 
140,000,000  cubic  meters  of  excavation,  and  of  this  only  30,- 
000,000  have  been  done.  The  canal  company  has  already 
spent  900.000,000  francs  and  has  at  present  only  money  enough 
on  hand  to  continue  the  work  some  4  or  5  months  longer.  Not 
only,  said  M.  Boulangfe,  has  less  than  one-fourth  of  the  exca- 
vation been  completed,  but  two  of  the  most  important  works 
in  connection  with  the  canal,  the  damming  or  diversion  of  the 
Chagres  River  and  the  improvement  of  the  port  of  Colon  (As- 
pinwall)  have  not  even  been  touched. 

There  has  been,  apparently,  a  great  lack  of  system  about 
the  work.  M.  Boulangfe  said  that  when  he  first  took  charge  of 
his  section  he  asked  for  a  map  and  profile,  but  none  were  fur- 
nished him,  and  he  subsequently  ascertained  that  the  only  map 
in  existence  was  one  made  by  Lieut.  Wyse  from  his  survey, 
which  was  not  in  any  sense  intended  to  be  a  location  for  a 
canal,  but  merely  a  preliminary  reconnoissance.  This  state  of 
affairs  has  not  been  remedied  up  to  the  present  time,  and  most 
of  the  engineers  have  been  working  almost  in  the  dark  on  their 
respective  sections.  In  several  places  excavations  have  been 
made  of  short  sections  of  the  canal,  while  there  are  intervening 
sections  of  which  not  even  a  preliminary  survey  has  been 
made,  and  no  point  of  junction  with  the  finished  work  has  been 
indicated. 

At  the  port  of  Colon  there  have  not  even  been  preliminary 
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borings,  and  nothing  has  been  done  to  ascertain  the  nature  of 
the  bottom  or  the  possibility  of  improving  the  channel  by 
dredging.  From  Colon  westward  the  canal  is  now  open  for 
16  kilometers,  but  of  this  distance  the-  average  depth  attained 
is  only  two  meters.  Nevertheless,  it  is  expeclej  that  there 
will  be  an  official  openinK  of  this  short  section  in  the  fall, 
when  M.  de  Lesseps  intends  to  visit  the  Isthmus.  At  one 
point  of  this  section  a  dredge  has  been  occupied  for  nearly  a 
year  in  taking  soft  clay  and  mud  from  the  bottom  of  the  canal 
and  dumping  it  on  the  bank.  The  ground,  however,  is  so  soft 
and  swampy  in  its  nature  that  the  weight  of  clay  thu5  dumped 
raises  the  bottom  of  the  canal,  and  the  dredge  is  engaged  in 
apparently  an  endless  tank. 

The  most  difficult  work  on  the  canal  is  at  the  great  cut  at 
Culebra,  where  there  will  be  a  cutting  315  ft.  deep  and  nearly 
50J  ft.  wide  at  the  top.  Work  has  been  going  on  for  about  a 
year,  and  an  excavation  has  been  made  for  a  short  distance 
which  is  now  about  3S  ft.  deep  and  70  ft.  wide.  An  unantici- 
pated and  very  singular  difficulty  has  been  encountered  here 
in  a  movement  of  the  whole  mountain,  which  commenced  as 
soon  as  work  was  begun  upon  the  cutting.  The  cause  of  this 
is  not  known,  and  the  fact  has  completely  puzzled  the  engineers 
in  charge.  It  was,  however,  predicted  by  the  first  Chief  Engi- 
neer that  water  would  be  found  in  this  cutting.  M.  Boulang6 
believes  (and  he  stated  apparently  good  reasons  for  his  belief) 
that  much  of  the  work  already  done  will  have  to  be  abandoned, 
and  it  is  very  likely  that  a  large  part  of  the  line  of  the  canal 
will  have  to  be  re-located  on  lines  differing  considerably  from 
the  Wyse  survey. 

In  answering' questions  M.  Boulangfi  said  that  a  preliminary 
study  had  been  made  for  a  canal  with  locks.  Under  present 
conditions  no  locks  could  be  made  and  no  level  established 
more  than  11. S  meters  above  tidewater  to  secure  a  permanent 
supply  of  water,  but  by  damming  the  Chagres  and  establishing 
reservoirs  this  limit  might  be  increased  to  about  23  meters 
above  tidewater,  but  the  advantage  gained  in  this  way  would 
not  be  very  great.  In  relation  to  the  regulation  of  the  Chagres 
he  considered  it  a  very  difficult  problem  on  account  of  the 
great  volume  of  water  brought  down  by  the  river  at  certain 
seasons.  From  his  own  observation  he  has  known  the  river 
to  rise  21  ft.  in  6  hours.  Every  Chief  Engineer  who  has  been 
connected  with  the  canal  has  had  a  different  plan  for  this  work. 
The  first  plan  proposed  required  a  masonry  dam  1,200ft.  long, 
210  ft.  high  and  300  ft.  thick  at  the  base.  This  was  abandoned 
on  account  of  the  enormous  expense  involved  and  of  the  un- 
certainty as  to  finding  proper  foundations  for  such  a  huge  mass 
of  masonry. 

At  present,  a  contract  for  regulating  the  river  has  been  let  to 
the  Soci^lc  des  Travaux  Puhliqius,  and  that  society's  engineers 
are  now  engaged  in  making  surveys  and  preparing  plans.  M. 
Boulangfi  also  stated  that  a  great  difficulty  in  the  work  had 
been  the  scarcity  of  laborers,  owing  to  the  unhealthy  nature  of 
the  Isthmus.  Manual  work  there  is  impossible  for  a  white 
man,  and  the  supply  of  negroes  from  the  West  India  Islands 
had  given  out,  those  from  Jamaica,  Trinidad  and  the  Bahamas 
declining  to  go  there  any  more.  The  average  mortality  on 
the  canal  during  one  year  had  been  60  per  cent,  of  all  the 
laborers  and  80  per  cent,  of  all  the  white  men.  He  said  that 
of  72  Frenchmen,  assistant  engineers,  clerks,  draftsmen,  etc., 
who  went  out  to  Panama  a  year  ago,  45  were  dead  and  only 
II  were  still  at  work  ;  16  of  the  survivors  having  been  disabled 
by  fever.  The  men  who  had  stood  the  work  best  were 
negroes  who  were  imported  (probably  kidnapped)  from  the  East 
Coast  of  Africa,  but  they  were  not  inclined  to  do  much  work. 
The  Company  had  recently  resolved  to  try  the  experiment  of 
importing  Chinamen  from  Hong  Kong  and  Soo  had  been 
brought  over,  but  no  more  were  to  be  brought  until  it  was 
ascertained  whether  these  men  could  stand  the  climate,  as  the 
expense  of  conveying  them  to  Panama  was  considerable. 

On  the  Panama  end  of  the  canal  there  is  a  considerable 
stretch  through  low  swampy  ground  where  hardly  any  work 
has  been  done,  simply  for  the  reason  that  no  man  has  yet  been 
found  who  can  work  there  and  live. 

In  answer  to  questions  again,  M.  Boulangt  stated  that  the 
current  prices  paid  for  excavation  under  existing  contracts 
were  48  cents  per  cubic  meter  for  clay  ;  Si. 05  for  mixed  earth 
and  rock;  §i.?ofor  rock  from  30  to  100  meters  above  tide- 
water ;  $2.40  for  rock  from  the  water  level  up  to  30  meters 
above.  The  price  paid  for  rock  excavation  below  water  level 
was  kept  secret. 

A  vote  of  thanks  to  M.  Boulangi  for  his  extremely  interest- 
ing address  was  unanimously  passed,  and  the  Society  then  ad- 
journed. 

After  the  Annual  Convention  in  the  first  week  in  July  no 
regular  meetings  will  be  held  until  the  first  Wednesday  in  Sep- 
tember. 


Master  Mechanics'  Association. 


The  annual  convention  began  in  St.  Paul,  June  21,  First 
Vice-President  Jacob  Johann  presiding.  At  the  roll-call  there 
were  82  members  present. 

After  the  usual  addresses  of  welcome,  Mr.  .Tohann  delivered 
his  annual  address.  Some  time  was  then  devoted  to  appro- 
priate memorials  of  the  late  President  William  Woodcock. 

There  was  a  short  discussion  on  the  use  of  lump,  screened 
and  run-of-mine  coal.  This  was  followed  by  a  long  and  in- 
teresting discussion  on  the  use  of  the  straight  stack  and  exten- 
sion front  smoke-box.  which  occupied  the  rest  of  the  session. 

On  the  second  day  Secretary  Setchel  reported  5  deaths  during 
the  year.  There  are  now  251  active,  4  associate  and  14  honor- 
ary members.  Treasurer  Richards  reported  total  receipts  of 
$1,935  and  a  balance  of  $497  on  hand. 

An  elaborate  report  was  presented  by  the  Committee  on 
Proportions  of  Locomotive  Cylinders,  which  was  discussed. 
Reports  on  Traction  Increasers,  on  Piston  Rod  and  Valve  Stem 
Packing  and  on  Cylinder  Packing,  were  presented  and  dis- 
cussed. Messrs.  Stevens,  Lauder  and  Meehan  were  appointed 
to  act  with  the  joint  committee  already  appointed  by  the 
Master  Car-Builders'  Association  and  the  Car-Wheel  Makers. 

On  the  third  day  the  following  reports  were  presented  and 
briefly  discussed.  Locomotive  Preparation  ;  Coaling-up  Loco- 
motives ;  Standard  Form  of  Tire  Section  ;  What  Control  has 
the  Engineer  over  the  Wear  of  Driving  Wheels. 

The  majority  report  of  the  Committee  appointed  to  prepai-e 
a  new  Constitution  and  By-Laws  was  then  read,  also  a  minority 
report  recommending  a  constitution  substantially  like  the 
present  one.  The  subject,  without  discussion,  was  recom- 
mitted to  the  same  committee  with  instructions  to  give  it 
further  consideration  and  report  again  next  year. 

It  was  resolved  to  hold  the  next  convention  at  Alexandria 
Bay,  N.  Y.,  in  the  Thousand  Islands  of  the  St.  Lawrence. 

The  following  officers  were  then  elected  for  the  ensuing 
year,  Mr.  Jacob  Johann  having  first  declined  the  nomination 
to  the  presidency  :  President,  J.  H.  Setchel  ;  VicV-President, 
R.  H.  Briggs  ;  Secretary,  Angus  Sinclair  ;  Treasurer,  George 
Richards. 

After  adopting  the  usual  resolutions  of  thanks  the  conven- 
tion adjourned. 

After  the  adjournment  the  members  took  an  excursion  to  Red 
Wing  on  a  train  drawn  by  the  Strong  locomotive  Duplex, 
which  was  sent  to  St.  Paul  for  the  convention. 


Engineers'  Club  of  Philadelphia. 

.•\  REGUL.\R  meeting  was  held  at  the  Club's  House  in  Phila- 
delphia, June  4,  President  T.  M.  Cleemann  in  the  chair  ;  iS 
members  and  I  visitor  present. 

Owing  to  the  unexpected  absence  of  the  author,  the  paper  of 
the  evening  had  to  be  deferred. 

The  evening  was.  however,  profitably  spent  in  a  general  dis- 
cussion of  the  proportions  and  strengths  of  certain  structures 
which  can  hardly  be  calculated  with  mathematical  precision, 
such  as  floors  built  up  of  separate  layers  of  boards,  ribbed  and 
perforated  cast-iron  chamber  and  manhole  covers,  balloon 
frame  buildings,  etc.  Some  interesting  illustrations  were  pre- 
sented. 

A  REGULAR  meeting  was  held  in  Philadelphia,  May  21,  Presi- 
dent T.  M.  Cleemann  in  the  chair  ;  33  members  and  4  visitors 
present. 

There  was  some  further  discussion  of  the  form  and  arrange- 
ment of  the  proposed  U.  S.  Coast  and  Geodetic  Survey  Map 
of  the  Delaware  and  Schuylkill  rivers  near  Philadelphia.  The 
consideration  of  a  resolution  expressing  the  views  of  the  Club 
was  deferred  till  the  next  business  meeting. 

The  Secretary  presented  two  communications  from  Capt.  S. 
C.  McCorkle.  embodying  the  following  data  on  the  Retardation 
of  the  Tide  in  the  Vicinity  of  Philadelphia,  etc.: 

"Mr.  H.  L.  Marindin,  of   the  Coast  and   Geodetic   Survey, 


gives  a  near  appr, 


of  the  retardation  of  the  tide  in  the 


frontage  of  Philadelphia  as  about  five  minutes  of  time  to  the 
mile  ;  /.  c,  if  the  time  of  high  water  was  at  a  certain  time  at 
Fort  Mifflin,  the  time  of  high  water  would  occur  five  minutes 
later  for  each  mile  you  proceeded  up  the  river. 

■'Mr.  Marindin  sends  me  a  little  sketch,  which  I  enclose, 
which  shows  the  time  it  takes  the  tidal  wave  to  traverse  one 
nautical  mile  in  the  different  depths  of  water.  For  example, 
in  a  bay  with  60  ft.  of  depth  of  water,  it  just  takes  two  minutes 
for  the  wave  to  go  one  mile.  Mr.  Marindin  also  says  :  '  The 
time  of  high  water  and  low  water  at  any  place  can  only  be 
determined  by  a  long  series  of  observations,  and  when  the  ob- 
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■servaiions  are  laken  simulianeously  they  have  to  be  worked  up 
separately,  and  it  is  a  long  job.' 

"  There  has  been  a  long  series  at  Fort  Mifflin,  and  the  En- 
gineers of  the  United  States  have  a  long  series  at  Bridcsburg. 
but  aside  from  these  two  places  1  do  not  ihink  there  have  been 
observations  enough  to  determine  what  you  want.  1  deduce, 
from  the  observations  and  conclusions,  that,  say  at  Market 
Street  Bridge,  Schuylkill,  the  tide  would  be  40  minutes  later 
than  at  I'ort  Mifflin,  and  at  Bridesburg,  on  the  Delaware,  just 
about  one  hour  later  than  Fort  Mifflin. 

•' Hcncli-mark  at  Gloucester,  N.  J.  (C.  S.  Report,  1870). 
•The  bench-mark  is  the  center  of  a  triangle  cut  in  a  large 
block  of  granite  which  lies  in  a  granite  wall  against  the  river. 
It  is  on  the  river  side  of  the  wall,  about  50  yards  southward 
from  the  mark  on  the  northwest  corner  of  the  Huena  Vista 
House.  It  is  7.89  ft.  above  mean  low  water,  1.62  ft.  above 
mean  high  water. 

"  '  The  mean  level  of  the  Delaware  River  at  Gloucester  Ferry, 
from  August  16  to  .September  S,  1^70,  was  3.3  ft-  higher  than 
■the  mean  level  of  the  sea  at  Keyport,  N.  I.'     (Office  data)." 

The  Secretary  presented,  for  Mr.  W.  L.  Hoyt,  a  Multiplica- 
tio  1  Table,  from  i  to  25,  for  the  Kfftteme  Book. 

Mr.  John  L.  ('.ill,  Jr.,  presented  an  illustrated  discussion  as 
to  Whcllier  the  Custom  of  I'psetting  the  Ends  of  Bridge  Rods 
Should  be  Abandoned. 

Mr.  .-\rthur  Marichal  read  an  illustrated  paper  on  the  Con- 
struction of  Reservoir  Walls.  After  a  historic  prelude  and 
some  remarks  about  the  foundations  of  such  walls,  he  says  : 

"What  profile  should  we  adopt?  This  certainly  depends 
upon  the  forces  acting  on  the  wall,  viz.,  its  own  weight  and 
the  water  pressure." 

Mr.  I.  E.  Codman  presented  a  Diagram  for  the  Regulation 
of  Dimensions,  etc.,  of  Cast-iron  Flange  Pipes,  the  object  being 
to  establish,  upon  the  basis  of  mathematical  proportions,  the 
diameters  of  flanges  and  bolt  circles,  sizes  and  numbers  of 
bolts  and  thicknesses  of  metal,  for  different 
pipes. 

Mr.  Edward  Hurst  Brown  described 
of  Fire-Resisting  Paint. 

Mr.  R.  Meade  Bache  exhibited  a  Safety  Self-E.xtinguishing 
Car  Stove.     The  Club  then  adjourned. 


he  had  witnessed 


Engineers'  Club  of  Kansas  City. 

A  REGUL.'VR  meeting  was  held  in  Kansas  City.  June  iS. 

A  paper  was  read  by  Mr.  A.  J.  Mason  on  Railroad  Engi- 
neering in  Australia. 

It  was  resolved  to  make  the  24-h9ur  system  the  subject  for 
the  next  meeting. 


Boston  Society  of  Civil  Engineers. 

A  KEGULAR  meeting  was  held  in  Boston,  June  15,  with  31 
■members  and  3  visitors  present.  Messrs.  George  N.  Barrus 
and  Nelson  Spofford  were  elected  members.  The  death  of 
•George  A.  Parker,  an  honorary  member,  was  announced  and 
the  usual  memorial  committee  was  appointed. 

A  paper  on  the  Land-slide  on  the  Boston  &  Maine  Railroad 
at  Dover.  \.  H.,  in  May,  1S84,  was  read  by  Mr.  Edward  S. 
Philbrick. 

The  Society  then  adjourned  until  September. 


American  Society  of  Mechanical  Engineers. 

The  semi-annual  meeting  of  this  Society  was  held  at  Willard's 
'Hotel,  Washington,  May  31.  President  George  H.  Babcock 
.presided. 

.\l  the  first  day's  session  Mr.  Henry  R.  Towne  read  the 
report  of  the  Committee  on  Uniform  Tests,  and  Mr.  George 
M.  Bond  the  report  of  the  Committee  on  Standard  Threads 
forWrought-Iron  Pipe,  etc.  The  Secretary,  Mr.  F.  R.  Hutton, 
presented  the  report  of  the  Council,  which  stated  that,  through 
Mr.  Stephen  W.  Baldwin,  the  Society  has  come  into  the  pos- 
session of  much  of  the  expert  apparatus  belonging  to  the  late 
Mr.  John  C.  Hoadley,  of  Boston.  There  has  been  added  to  the 
library  the  Transactions  of  the  Institution  of  Mechanical  En- 
gineering of  Great  Britain  from  1847  to  date  ;  also  the  fournal 
of  the  Iron  &  Steel  Institute  of  Great  Britain  since  1873. 

The  following  papers  were  presented  :  Tests  of  Comparative 
Value  of  Different  Kinds  of  Belting,  by  Samuel  Webber  ; 
Should  a  Piston  Packing  Ring  be  of  the  Same  Thickness  at 
Every  Point,  by  L.  H.  Rutherford  ;  Systematic  Testing  of 
Turbines  in   t'l-   United   Stales,  bv    R.  11.  Thurston  :    Hehcal 


Seams  in  Boiler-Making,  by  R.  H.  Thurston,  The  reading  of 
these  papers  was  followed  by  discussions.  The  consideration 
of  various  topics  of  interest  to  the  profession  was  then  begun 
and  occupied  the  remainder  of  the  morning  session. 

In  the  evening  the  liflh  paper,  by  J.  T.  Hawkins,  on  Educa- 
tion of  Intuition  iu  Machine-Designinir,  was  discussed  by 
Messrs.  Smith,  Webber  and  Demon.  The  sixth  paper,  by  C. 
E.  Emery,  Notes  for  Discussion  on  Cylinder  Condensation, 
was  discussed  by  Messrs.  Denton,  Siirling,  Strong  and  Bab- 
cock. The  next  paper  was  by  the  same  .luthfjr  on  Notes  on 
Limit  of  Pressure  in  Marine  ICngines.  The  eighth  paper,  on 
Comparative  Value  of  Steam  and  Hot  Water  for  Transmitting 
Heal  and  Power,  by  C.  E.  Emery,  was  discussed  by  Messrs. 
Pi  rter,  Stearns,  Wolff  and  Babcock.  The  next  paper,  by 
Albert  Stearns,  on  Evaporation  by  Exhaust  Steam,  was  dis- 
cussed by  Messrs.  Babcock  and  Miller. 

In  the  morning  of  the  second  day  a  visit  was  made  to  the 
Bureau  of  Engraving  and  Printing,  where  the  different  oper- 
ations of  the  printing  of  bank-notes  was  witnessed  ;  the 
Smithsonian  Institution  and  the  National  Museum  were  also 
visited. 

At  2  r.  M.  a  session  was  held,  when  a  paper  by  H.  R.  Towne, 
on  Methods  of  Determming  Cost  and  Distribution  of  Heat  and 
and  Power,  was  presented. 

The  second  paper  was  by  William  Kent,  A  Problem  in 
Profit  Sharing,  which  produced  a  long  discussion  on  the  labor 
question  by  Messrs.  Hewitt,  Hawkins,  Towne,  Doane,  Stirling, 
Emery,  Woolson,  Scott,  Fowler  and  Ashworth.  The  remain- 
ing portion  of  the  session  was  spent  in  discussing  topical 
questions. 

In  the  evening  the  members  attended  a  reception  given  them 
by  Hon.  Josiah  Dent,  on  U  Street. 

In  the  morning  of  the  third  day  a  trip  was  made  to  the  home 
of  Washington  at  Mt.  Vernon. 

In  the  evening  the  fourth  session  was  held.  .A  paper  was 
presented  by  H.  A.  Ramsay  on  What  are  the  Needs  of  our 
Navy  ? 

The  next  paper  was  by  J.  Morgan,  Jr.,  on  National  Defense 
and  its  Mechanical  Problems.  The  writer  favored  building  up 
guns  by  shrinkage.  Discussion  followed,  by  Captain  Roger 
Birney,  Lieutenant  Wheeler,  Messrs.  Stirling.  Grimshaw  and 
Emery.  The  session  closed  after  a  discussion  of  topical  sub- 
jects. 

Friday  morning  was  spent  in  visits  to  public  buildings,  and 
a  large  number  went  to  Cabin  John  Bridge,  which  is  said  to  be 
the  largest  stone  arch  in  the  world. 

The  fifth  session  was  in  the  afternoon.  The  first  paper  was 
by  T.  S.  Crane,  on  Direct-acting  Steam  \'eneer-Cutters.  This 
paper  was  illustrated  and  gave  a  detailed  description  of  a  knife- 
cutting  veneer  machine.  Discussion  followed.  Then  followed 
a  paper  by  George  H.  Babcock,  New  Method  of  Making  Tubes 
from  Solid  Bars,  which  was  discussed  by  Messrs.  Hewitt, 
Spellman,  Kent,  Barker,  Wilcox  and  Stirling.  The  next  paper, 
by  James  Dredge,  was  on  Gas-Lighting  by  Incandescence. 

After  a  short  discussion  on  topical  subjects  the  convention 
adjourned,  and  most  of  the  members  left  'Washington  for  home 
in  the  evening. 


Master  Car-Builders'  'Association. 

The  annual  Convention  of  the  Master  Car-Builders  Asso- 
ciation opened  in  Minneapolis,  June  14,  with  about  150  mem- 
bers present.  The  Convention  was  opened  by  a  prayer  from 
the  Rev.  Doctor  Tuttle,  after  which.  Mayor  Ames  of  Minne- 
apolis made  an  address  of  welcome,  to  which  an  appropriate 
response  was  made  by  President  Verbryck. 

The  President  then  delivered  his  Annual  Address,  in  which 
he  spoke  of  the  value  derived  from  the  conventions  and  the 
good  results  of  the  experiments  which  had  been  made  under 
the  auspices  of  the  Association.  As  an  outcome  of  these  ex- 
periments there  ought  to  be  one  automatic  car-coupler  that 
could  be  generally  adopted,  which  would  meet  with  little  or  no 
opposition  from  the  various  roads  and  the  railroad  commis- 
sioners. 

The  report  of  Secretary  M.  N.  Forney  showed  that  the  As- 
sociation had  in  1886,  148  active,  81  representative  and  2 
associate  members,  making  a  total  of  231.  The  membership 
in  1S85  was  223.  There  were  580,056  cars  represented  in  the 
Association  in  1S86,  against  486,882  in  18S5.  The  receipts 
for  1S86  were  $3,962.16  and  the  expenditures  $3,275-53.  'eav- 
ing  a  balance  of  1^686.63.  The  Association  owes  the  Secre- 
tary 81,000,  however,  making  a  deficit  in  the  treasury. 

The  usual  Committees  on  Nominations,  on  Subjects  for  In- 
vestigation, on  Correspondence,  on  Resolutions  and  on  Place 
for  the  next  .Meeting  were  then  appointed. 
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A  resoluiion  was  adopted  inviting  members  of  the  Interstate 
Commerce  Commission  and  of  all  State  railroad  commissions 
to  take  part  in  this  and  future  meetings  of  the  Association. 

The  Secretary  read  some  correspondence  relative  to  making 
changes  in  the  Christie  brake  sh.ie.  which  has  been  adopted  by 
the  Association  as  a  standard,  but  it  was  decided  that  it  was 
not  advisable  to  make  the  changes.  The  brake  shoe  is  now 
used  by  15  difTerent  roads  throughout  the  country. 

The  Committee  on  Automatic  Brakes  reported  through 
Godfrey  W.  Rhodes,  of  .Aurora,  111.  He  referred  to  the  tests 
which  had  been  made  in  1SS5  and  i88().  and  the  cundltions 
under  which  the  tests  were  made  of  the  seven  or  eight  of  the 
best  devices,  including  the  Carpenter,  the  Ames  and  the  Card. 
The  report  reviewed  these  tests  in  detail  and  pointed  out  the 
defects  of  the  various  brakes.  It  is  said  there  was  no  trouble 
in  securing  enough  power,  but  a  great  deal  of  difficulty  was 
experienced  in  securing  the  quick  application  of  power.  This 
quick  application  was  best  secured  by  the  electrical  appliances. 
The  principal  of  using  electrical  brakes  the  Committee  thinks 
is  the  best  that  has  been  advanced  and  they  recommend  that 
the  .Association  recognize  this  fact,  but  the  devices  for  making 
use  of  electricity  they  consider  imperfect.  Some  extracts 
from  this  report  will  be  found  on  another  page. 

The  Committee  on  .Automatic  Couplers  for  Freight  Cars, 
presented  an  elaborate  and  exhaustive  report,  the  conclusions 
of  which  will  be  found  on  another  page.  The  discussion  of 
this  report  was  postponed  until  the  following  day. 

After  the  adjournment,  the  day  was  devoted  by  members  to 
a  visit   to   Fort   Snelling  and  the    Falls  of  Minnehaha,  in  car- 
riages provided  by  the  Local  Committee. 
SECOND   DAY. 

In  accordance  with  the  By-Laws  of  the  Association,  the 
morning  session  was  occupied  by  a  consideration  of  the  Rules 
governing  the  Condition  of  and  Repairs  to  Freight-Cars  for 
the  Interchange  of  Traffic.  .A  number  of  minor  points  were 
brought  up  by  members.  The  rule  for  the  gauge  of  wheels 
was  changed  to  read  so  that  cars  may  be  refused  if  their  wheels 
measure  less  than  4  ft.  5  in.  or  more  than  4  ft.  534  in.  be- 
tween flanges,  or  less  than  5  ft.  4  in.  outside  treads.  Some 
minor  changes  of  little  importance  were  made.  A  motion  to 
make  a  general  increase  of  I0:<  in  prices  for  cars  destroyed, 
was  lost,  having  received  a  majority  but  not  a  two-thirds  vote, 
and  this  subject  of  prices  was  finally  referred  to  a  committee. 

The  consideration  of  the  Rules  of  Interchange  was  taken  up 
again  at  the  afternoon  session  and  occupied  a  part  of  the  time. 
The  principal  subject  discussed  was  again  the  prices  of  cars, 
which  were  finally  fixed  at  this  time.  The  remainder  of  the 
afternoon  session  was  occupied  in  discussing  the  report  of  the 
Committee  on  Freight-Car  Couplers,  which  was,  as  might  be 
expected,  very  animated.  Several  amendments  offered  were 
voted  down,  and  the  report  and  conclusions  of  the  Committee, 
as  presented,  were  finally  adopted  by  a  majority  of  the  mem- 
bers present  and  voting.  The  recommendations  of  the  Com- 
mittee as  to  a  standard,  will,  however,  under  the  Rules  of  the 
Association,  have  to  be  submitted  to  a  letter  ballot. 


.At  the  third  day's  session  a  report  from  the  Co 
Accidents   to  Trainmen   was  submitted.  This  report  we  print 
elsewhere. 

This  report  called  out  a  long  and  animated  discussion,  the 
burden  of  which  was  that  more  careful  inspection  of  cars  and 
greater  attention  to  keeping  the  minor  appliances  in  order 
were  needed.  Naturally,  a  good  deal  in  relation  to  couplers 
was  said  in  this  discussion,  and  the  general  opinion  was  that 
the  introduction  of  a  diversity  of  couplers  had  increased  the 
dangers  to  trainmen. 

The  report  of  the  Committee  on  Standard  Draw-gear  for 
Non-automatic  Couplers  was  presented,  and  after  some  dis- 
cussion adopted. 

The  Committee  on  Standard  Sizes  of  Lumber  for  Car  Con- 
struction presented  a  report,  which  was  received  and  the  re- 
commendations ordered  to  be  submitted  to  letter  ballot. 

The  Committee  appointed  to  present  a  Standard  Truck  and 
Axle  for  cars  of  60,000  lbs.  Capacity,  submitted  plans  and  draw- 
ings. This  report  was  likewise  received,  and  the  plans  ordered 
to  be  submitted  to  a  letter  ballot. 

The  Committee  on  Car  Roofs  presented  a  report,  which  was 
received  and  the  subject  was  ordered  to  be  carried  over  for 
another  year. 

The  Convention  having  ordered,  in  response  to  a  request 
presented,  that  a  committee  be  appointed  to  confer  with  other 
committees  to  be  appointed  by  the  car-wheel  makers  of  the 
and  the  Master-Mechanics'  Association,  in  relation  to 
i  pertaining  to   the  construction  and  use  of  car-wheels. 


the  President  appointed  Messrs.  J.  N.  Barr.  John  KIrby,  and 
George  F.  Wilson  to  represent  the  Master  Car-Builders'  Asso- 
ciation on  this  Joint  Committee. 

In  view  of  the  limited  time  remaining,  and  of  the  fact  that 
many  experiments  are  at  present  in  progress,  '.he  results  of 
which  have  not  been  yet  determined,  the  subject  of  Car-Heating 
was  continued  over  for  a  year. 

It  was  voted  that  the  Convention  of  18S8  be  held  at  Alexan- 
dria Bay,  N.  V.,  in  the  Thousand  Islands  of  the  St.  Lawrence 
River. 

The  business  of  the  Convention  was  then  closed  by  the 
adoption  of  the  usual  routine  resolutions  as  presented  by  the 
committee,  and  by  the  election  of  the  following  officers. 

President— Wm.    McWood.  Grand  Trunk.  Montreal,  Can. 

Vice-Presidents— I.  W  Cloud,  New  York,  Lake  Erie  & 
Western,  Buffalo,  N.  V.;  E.  W.  Grieves,  H.iltimore  .'c  Ohio, 
Baltimore,  Md.;  .'ohn  S.  Lentz.  Pennsylvania  iV  New  York, 
Packcrton,  Pa. 

Treasurer— John  Kirby,  Lake  Shore  .V  Michigan  Southern, 
Cleveland,  O. 

Executive  Committee — Robert  C.  Blackall,  Delaware  & 
Hudson,  Albany,  N.  Y.;  R.  D.  Wade,  Richmond  &  Danville, 
Richmond,  Va. ;  Joseph  Wood,  Pennsylvania  Company,  Fort 
Wayne,  Ind. 

After  the  adjournment  of  the  Convention,  the  Executive 
Committee  held  a  meeting  and  re-elected  M.  X.  Forney  Secre- 
tary of  the  Association  for  the  ensuing  year. 


PERSONALS. 

Mr.  J.  G.  Motley  has  been  appointed  Chief  Engineer  of  the 
projected  Louisville  Southern  Railroad. 

Mr.  J.  W.  Deen  Is  Engineer  in  charge  of  the  Aspen  Exten- 
sion of  the  Denver  iV  Rio  Grande  Railroad. 

W.  F.  Bradley  is  now  Master  Mechanic  of  the  Kanawha  & 
Ohio  Railroad.      His  office  is  at  Charlestown,  W.  Va. 

Mr.  J.  C.  Rhawn  is  Engineer  In  charge  of  construction  of 
the  new  Clinch  Valley  line  of  the  Norfolk  &  Western  Railroad. 

Mr.  T.  J.  Nicholl  has  been  appointed  General  Manager  of 
the  Natchez,  lackson  &  Columbus  road,  with  office  at  Naicher, 
Miss. 

Mr.  A.  H.  Salisbury,  late  Assistant  Engineer,  has  been 
appointed  Superintendent  of  Water  Works  at  Lawrence, 
Mass. 

Mr.  H.  V.  Conrad,  formerly  on  the  West  Shore  road,  has 
accepted  a  position  with  the  Hinkley  Locomotive  Company  in 
Boston. 

Mr.  C.  M.  Cook  is  appointed  Engineer  of  Maintenance  of 
Way  of  the  Norfolk  lS;  Western  Railroad,  with  office  at  Roan- 
oke, Va. 

Mr.  J.  W.  Clarke  has  been  appointed  Engineer  in  charge 
of  road,  bridges  and  buildings  of  the  Gulf,  Colorado  &  Santa 
Fe  road. 

Mr.  P.  H.  Peck  has  been  appointed  Master  Mechanic  of 
the  Chicago  iS:  Western  Indiana  Railroad,  with  otiice  in 
Chicago. 

Mr.  F.  A.  Garvey  has  resigned  his  position  as  Chief  Engi- 
neer of  the  Texas  &  Pacific  road,  and  will  engage  in  business 
as  a  contractor. 

Colonel  James  Andrews,  of  Allegheny,  Pa.,  will  it  is  said, 
succeed  the  late  Captain  Eads  as  Chief  Engineer  of  the 
Tehuantepec  Ship   Railroad. 

Mr.  C.  R.  Meeker  has  been  appointed  Superintendent  of 
the  Oregon  I'acific  Railroad,  with  office  at  Corvallis,  Ore- 
gon, succeeding  F.  C.   Berell. 

Mr.  Lewis  H.  Morse  has  resigned  his  position  as  Superin- 
tendent of  Bridges  and  Buildings  of  the  Kansas  City,  St. 
Joseph  iV  Council  BlufTs  road. 

Mr.  Wm.  A.  Kellond,  Assistant  to  the  General  Manager  of 
the  Louisville  &   Nashville  road,  has  resigned  that  position  to 


go  ) 


iron  business  in  Louisville. 


Mr.  George  L.  Chatfield  has  been  appointed  Assistant 
General  Master  Mechanic  of  the  Chicago,  Rock  Island  & 
Pacific  Railway,  with  office  in  Chicago. 

Mr.  H.  G.  Holden,  late  Superintendent  of  the  water-works 
at  Lowell,  Mass.,  is  now  General  Superintendent  of  the  workt 
of  Turner,  Clark  tS:  Rawson,  of  Boston. 

Captain  C.  B.  Percy,  late  Assistant  Engineer  of  the  Mo- 
fa  le  iV  Birmingham  Railroad,  has  resigned  that  position  and 
is  now    Assistant    ICngineer   on    the   Mobile   harbor   improve- 
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Mr.  C.  W.  Lawler  has  been  appointed  Superintendent  of 
the  Mahanoy  Division  of  the  Philadt-lpliiaA  Reading  Railroad. 
He  was  recently  on  the  Chicago  \  Xorihwcstern  road. 

Mr.  Maivin  Hughitt,  late  Vice-President  and  General 
Manaijc-r  01  the  Chicat^o  iS:  Northwestern  Railway  Company, 
has  been  chosen  President  in  place  of  Mr.  Albert  Keep. 

Mr.  Samuel  L.  Minot  has  been  appointed  Engineer  of  the 
Boston  ^:  Providence  Railroad,  and  will  have  charge  of  track, 
buildings  and  bridges.      The  office  is  a  new  one  on  this  road. 

Mr  C.  H.  Meade  has  been  ajipointed  Superintendent  of 
the  Car  Department  of  the  Texas  \'  Pacific  Railroad,  with 
office  at  Marshall,  Texas,  in  place  of  F.  M.  Alexander, 
resigned. 

Mr.  H.  J.  Small  is  appointed  Assistant  Superintendent  of 
Motive  Power  of  the  Philadelphia  &  Reading  road,  with  office 
in  Reading,  Pa.  He  will  have  immediate  charge  of  the  Read- 
ing shops. 

Mr.  Charles  S.  Churchill  has  been  appointed  Engineer 
of  .Maintenance  of  Way  of  the  -Shenandoah  Valley  Railroad, 
with  office  at  Milnes,  Va.  He  was  recently  on  the  Penn- 
sylvania Railroad. 

Mr.  Charles  H.  Morgan,  for  many  years  General  Super- 
intendent of  the  Washburn  i\:  Moen  Manufacturing  Company, 
at  Worcester,  Mass.,  has  resigned  his  position  that  he  may 
obtain  much  needed  rest. 

Mr.  W.  J.  Sherman,  Assistant  Chief  Engineer  of  the  Gulf, 
Colorado  iV  Santa  Te  road,  is  relieved  from  charge  of  main- 
tenance of  way,  and  will  give  his  entire  time  to  supervising 
the  building  of  new  road. 

Mr.  Howard  Murphy,  Secretary  of  the  Engineers'  Club  of 
Philadelphia,  and  a  con-ulting  engineer  of  large  practice  in 
Philadelphia,  has  been  appointed  a  member  of  the  Penn- 
sylvania State  Board  of  Health. 

Mr.  N.  Slingland,  Superintendent  of  Motive  Power  of  the 
Housatonic  Railroad,  retired  from  thai  position  June  20.  Mr. 
Slingland  states  that  he  did  not  resign,  but  was  discharged  by 
the  Vice-President,  no  cause  being  given. 

Professor  A.  S.  Bolles,  of  Philadelphia,  has  been  ap- 
pointed Chief  of  tlie  Bureau  of  Industrial  Statistics  of  Penn- 
sylvania. He  is  at  present  professor  in  the  Wharton  School 
of  Finance  of  the  University  of  Pennsylvania. 

Mr.  C.  W.  Bryan,  Principal  Assistant  Engineer  of  the 
Edge  Moor  Iron  Company,  has  resigned  that  office  to  accept 
a  position  in  the  bridge  department  of  the  Missouri  Pacific 
Railway.      His  oiBce  will  be  at  Washington,  Mo. 

Mr.  A.  A.  Hobart,  formerly  Superintendent  of  the  Boston 
&  Lowell  and  at  one  time  on  the  Chicago  &  Northwestern,  is 
reported  to  be  dangerously  ill  in  Boston.  He  had  served  also 
with  the  Wabash  and  the  Chicago,  St.  Paul,  Minneapolis  & 
Omaha. 

Mr.  Albert  Keep,  for  many  years  President  of  the  Chicago 
&  Northwestern  Company,  has  retired  from  that  position, 
desiring  to  relinquish  the  active  management  of  the  company 
on  account  of  increasing  age.  He  has  been  chosen  Chairman 
of  the  Board  of  Directors,  a  new  office. 

Brevet  Major  General  John  G.  Parke,  Colonel  U.  S. 
Engineers,  has  been  detailed  to  the  command  of  the  Military 
Academy  at  West  Point,  to  succeed  Brigadier  General  Merrttt, 
who  is  relieved.  General  Parke  has  been  for  a  number  of  years 
employed  on  river  and  harbor  improvement  work,  in  which  he 
has  had  an  extended  experience. 

The  Brooks  Locomotive  Works,  at  Dunkirk,  N.  Y.,  have 
issued  a  circular  dated  June  q,  1SS7,  in  which  they  say  :  "  In 
officially  announcing  the  death  of  Mr.  H.  G.  Brooks,  the 
founder  of  the  Brooks  Locomotive  Works,  which  occurred  on 
April  20,  1S87,  we  beg  to  announce  the  following  as  the  present 
list  of  officers:  Edward  Nichols.  President  ;  M.  L  Hinman, 
Vice-President  and  Treasurer  ;  T.  M.  Hequembourg,  Secre- 
tary ;  J.  H.  Setchel,  Superintendent ;   R.  J.  Gross,  Agent." 


NOTES   AND   NEWS. 


Railroads  in  Sumatra. — The  Dutch  Government  has  had 
surveys  made  for  a  railroad  in  the  island  of  Sumatra,  which 
will  be  nearly  150  miles  long.  The  chief  object  is  to  develop 
the  coal  fields  on  the  Umbile  River. 

Pennsylvania  Railroad  Relief  Department.— The  state- 
ment of  the  Relief  Department  for  .\pril  shows  total  payments 
for  the  month  of  $24,543.  From  February  15  to  April'so,  the 
number  of  death  benefits  paid  was  237  :  accident  benefits, 
2,956,  sick  benefits,  6,537. 


Improvements  in  Puddling.  — .A  new  puddling  process  is  on 
trial  in  Pittsburgh,  by  which  double  the  usual  amount  of  metal 
can  be  worked  at  one  heat.  The  use  of  natural  gas  makes  it 
possible  to  produce  an  even  heat  over  the  whole  of  the  large 
chamber  which  is  substituted  for  the  old  furnace. 

Electric  Motors  in  Pittsburgh.— Several  Pittsburgh 
gentlemen  have  organized  the  Pittsburgh  Electrical  Motor 
Company  to  build  and  opeaale  motors  for  passenger  railroad 
lines.  The  capilal  stock  is  floo.coo.  The  following  gentle. 
men  are  interested  in  it  :  Messrs.  lohn  E.  Ridall,  )as.  B- 
Scott,  Oliver  Scaife,  Geo.  L.  McFarlane  and  A.  M.  Nceper. 

Transmitting  Power  by  Water. — The  London  Hydraulic 
Power  Company's  operations  now  cover  a  considerable  district. 
There  are  20  miles  of  main  pipe  laid,  in  which  a  pressure  of 
7(K)  lbs.  IS  constantly  maintained.  In  March  last  there  were 
458  machines  of  different  kinds  worked  by  the  water-pressure 
furnished  by  the  Company,  an  increase  of  no  within  a  year. 

A  Fast  Steamer. — The  new  steamer  Queen  yicloria,  built  on 
the  Clyde  by  the  Fairfield  Shipbuilding  Company,  made  her 
first  sea  trip  recently  from  Greenock  to  Liverpool.  The  run 
was  made  in  9  hours  23  minutes  actual  steaming  time,  or  at  an 
average  speed  of  25.6  miles  per  hour,  in  weather  not  very  favor- 
able  to  speed.  The  ship  is  to  run  between  Liverpool  and'the  Isle 
of  Man. 

Iron  Cars  for  India. — A  correspondent  of  the  London 
Engineer  says  that  the  Midland  Railway  Carriage  &  Wagon 
Company  has  secured  an  order  for  32;  wavons  for  one  of  the 
Indian  lines.  The  wagons  are  made  almost  wholly  of  steel 
and  iron,  the  proportion  of  wood  employed  being  very  trifling. 
.'Another  company  has  an  order  for  300  wagons  of  a  similar 
character  for  an  Indian  road. 

Washington  Heights  Viaduct.— A  bridge  or  viaduct  is  to 
be  built  from  the  Elevated  Railroad  station  at  155th  Street  in 
New  York  across  a  strip  of  low  ground  to  the  high  ground 
known  as  Washington  Heights.  This  viaduct  is  to  be  of  iron 
and  will  be  1,845  ft.  long  and  50  ft.  wide,  having  a  roadway  30 
ft.  wide  and  two  lo-ft.  sidewalks.  The  viaduct  will  have  a 
grade  of  I  in  20  from  the  station  up. 

Heavy  Locomotive  Mileage. — During  the  month  of  May, 
locomotive  .\'o.  317  on  the  Philadelphia,  Wilmington  &  Balti- 
more Railroad  ran  altogether  17,360  miles  in  passenger  service. 
This  is  claimed  to  be  the  heaviest  mileage  on  record  in  regular 
service.  The  locomotive  made  tw-o  trips  each  way  daily  be- 
tween Philadelphia  and  Washington,  and  was  run  by'  four 
different  crews,  each  crew  making  one  trip. 

Pressure  and  Temperature  in  Artesian  Wells. — Heavy 
machinery  is  run  by  artesian-well  power  in  many  parts  of 
France,  and  the  experience  of  the  French  shows  that  the  deeper 
the  well  the  greater  the  pressure  and  the  higher  the  tempera- 
ture, .-^t  Crenelle,  a  well  sunk  to  the  depth  of  i,S02  ft.,  and 
flowing  daily  500,000  gallons,  has  a  pressure  of  60  lbs.  to  the 
square  inch,  and  the  water  from  this  well  is  so  hot  that  it  is 
used  for  heating  the  hospitals  in  the  vicinity. 

An  Electric  Yacht. — At  the  Royal  Albert  Docks.  London, 
May  14,  the  electric  yacht  Countess  was  launched.  The  yacht 
has  been  built  by  Lester  &  Perkins  for  the  Electric  Locomotive 
&  Power  Company,  of  London.  The  boat  is  go  ft.  long,  11  ft. 
6  in.  beam  and  5  ft.  6  in.  deep  :  she  will  draw  about  3  ft.  of 
water.  The  motive  power  will  be  supplied  by  Elieson  storage 
cells,  and  the  screw  will  be  driven  bv  an  Elieson  motor,  of  the 
pattern  which  has  already  been  employed  with  some  success 
for  street  car  traction. 

Russian  Oil  Pipe  Line. — The  capacity  of  the  railroad 
line  from  Baku  to  Batoum,  Russia,  the  chief  traffic  of  which 
is  in  petroleum,  is  limited  by  the  very  heavy  grades  at  the 
Suram  Pass,  where  two  engines  are  required  to  haul  a  train  of 
6  tank  cars.  It  is  now  proposed  to  put  in  a  pipe  line  over  the 
pass  to  help  the  railroad.  Trains  from  Baku  will  deliver  the 
oil  into  tanks  at  Michaelova,  whence  it  will  be  pumped  to 
tanks  at  Kirrilli  and  thence  delivered  into  tank  cars  again. 
The  pipe  line  will  be  35  miles  long. 

Splice-Bars. — Messrs.  Morris,  Sellers  &  Co.,  of  the  Chicago 
Splice- Bar  Mill,  have  lately  received  large  orders  for  the  Sam- 
son Splice-bar.  This  joint  is  used  exclusively  on  the  new 
Minneapolis,  Sault  Ste.  Marie  &  Atlantic  road  and  its  branches. 
Large  orders  have  also  been  received  from  the  Kansas  City, 
Memphis  &:  Birmingham  and  the  Atchison,  Topeka  &  Santa 
Fe  ;  the  last-named  company  has  this  splice-bar  in  use  on 
nearly  2  600  miles  of  track.  In  all,  the  Samson  joint  is  now 
in  use  on  12,000  miles  of  track  on  170  different  roads. 

Chicago  Water  Works. — A  plan  for  the  increase  of  the 
water  supply  of  Chicago  has  been  prepared  by  City  Engineer 
J.  G.  Artingstall.  It  provides  for  a  tunnel  S  ft.  in  diameter 
extending  4  miles  out  into  the    lake,    and   connecting   with   a 
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shore  tunnel  10  ft.  in  diameter  extending  from  Grosse  Point 
to  the  city,  a  distance  of  14  miles.  It  is  thought  that  the  lake 
tunnel  will  reach  a  point  where  tht'  water  is  free  from  sewer- 
age. The  capacity  of  the  tunnel  will  be  abont  So,(Xio,ooo 
gallons  a  day,  and  the  estimated  cost  is  about  $4,000,000.  It 
will  take  some  three  years  to  build  the  tunnels. 

Steam  Bell-Ringer  for  Locomotives. — .\n  apparatus  for 
ringing  the  bell  by  steam  has  been  placed  on  several  of  the 
passenger  engines  on  the  Grand  Rapids  &  Indiana  Railroad. 
It  consists  of  a  small  steam  cylinder  placed  at  one  side  of  the 
bell-frame  and  resting  on  the  boiler.  The  connecting-rod, 
which  connects  the  piston  to  a  3-in.  crank  on  the  bell,  is  so 
constructed  that  it  will  vary  its  length  according  to  the  swing 
of  the  bell,  thus  removing  the  liability  of  knocking  the  cylinder 
head  out  bv  the  piston  coming  in  contact  with  it.  It  is  manu- 
factured by  Cooke  &  Strong,  of  Danville,  Illinois. 

The  Siberian  Railroad.— Work  on  the  main  line  of  the 
Siberian  Railroad  is  advancing  rapidly,  and  the  section  from 
Tekaterinberg  to  Tjumen  is  nearly  completed.  In  the  esti- 
mates of  the  traffic  expected  for  this  road  are  included  yearly 
some  49.000  tons  of  ivheat  from  Tomsk  ;  20,000  tons  of  iron, 
lead  and  copper  from  the  mines  of  the  Altai  Mountains  and 
Western  Siberia.  There  are  also  large  deposits  of  coal  and 
salt,  not  worked  at  present  on  account  of  the  lack  of  transpor- 
tation, which  will  be  opened  when  the  railroad  reaches  them. 
It  is  also  expected  that  the  railroad  will  develop  the  overland 
trade  with  China  and  Turkestan. 

International  Railroad  Congress.  —  The  International 
Congress,  which  was  organized  at  Brussels  in  1885,  will  hold 
its  second  meeting  at  Milan  (Italy),  on  September  17  next. 
The  object  of  the  Congress  is  to  make  and  maintain  rules  for 
the  exchange  of  business  among  the  railroads  of  the  different 
European  countries.  An  agreement  will  be  presented  for  rati- 
fication, under  which  a  central  office  will  be  established  at 
Berne  (Switzerland)  for  the  adjustment  of  traffic  questions, 
settlement  of  disputes,  claims  for  loss  and  damage  and  simi- 
lar matters.  The  want  of  such  an  arrangement  has  long  been 
felt  by  European  railroad  officers. 

Baltimore  &  Ohio  Employes'  Relief  Association. — The 
April  sheet  of  this  Association  shows  payment  of  benefits  to 
members  as  follows  : 

Number   Amount. 

Accident.il  Deaths 4       $4,000 

Accidental  Injuries 289  3,769 

Natural  Deaths 7  4.000 

Natural  Sickness 495  8,003 

Physicians' Bills 157  883 

Total, 952      $20,655 

The  payments  to  members  for  seven  years — May  i,  1880,  to 
April  30,  1S87,  have  amounted  to  81,383,983,  in  all. 

Petroleum  in  Burmah. — Upper  Burmah.  recently  annexed 
by  the  English  Government,  contains  petroleum  wells  which 
have  been  worked  after  a  fashion,  and  from  which  oil  has  been 
obtained  in  small  quantities  for  a  very  long  time,  probably  over 
a  thousand  years.  None  of  the  present  wells  are  over  200  ft. 
deep,  and  the  oil  is  raised  to  the  surface  by  hand.  English 
papers  state  that  analysis  has  shown  that  the  oilis  of  good  quality, 
and  that  arrangements  are  in  progress  for  developing  the  wells 
and  testing  the  productive  capacity  of  the  region.  The  oil 
field  best  known  is  on  the  Irrawaddy  River,  only  C)o  miles  from 
the  present  terminus  of  the  railroad  from  Rangoon.  It  is  be- 
lieved that  oil  can  be  found  over  a  large  district. 

Copper  Production  of  the  World. — The  production  of 
copper  in  the  world  for  three  years  past  is  estimated  as  fol- 
lows, in  tons  ; 

1886,  1885. 

Europe 76,463        76,551 

"      "  73.780       77.706 

40,008       44.573 
6,125         5.700 


North  Americ, 
South  Americ; 

Australia 


1884. 
75,4"o 

lii 


:,400 


Total 216,076      225,930      219,789 

Of  the  North  American  production  last  year,  69,805  tons  are 
credited  to  the  United  States  ;  3,125  to  Canada  and  Newfound- 
land and  ^so  tons  to  Mexico. 

Compound  Passenger  Locomotive. — A.  new  compound 
passenger  locomotive  has  been  just  completed  for  the  North- 
eastern Railway  (England)  by  Mr.  T.  W.  Worsdell.  The 
engine  is  inside-connected,  the  two  cylinders  being  connected 
to  the  crank  axle  in  the  .same  way  as  two  ordinary  cylinders. 
There  are  two  pairs  of  drivers  connected,  6  ft.  S  '^  in.  diameter, 
and  one  pair  of  leading  wheels.  4  ft.  7,'4  in.  diameter.  The 
high-pressure  cylinder  is  iS  in.  and  the  low-pressure  cylinder 
26  in.  diameter  ;  both  24-in.  stroke.  The  valve-motion  is  on 
the  Joy   system.      The    engine    weighs    43^!^   tons,   the   main 


drivers  carrying  18,  the  trailing-wheels,  I2>^,  and  the  leading- 
wheels,  I2^{  tons. 

A  Large  Dam. — It  is  proposed  to  enlarge  the  capacity  of 
the  water-works  supplying  San  Francisco,  and  the  plan 
adopted  includes  the  construction  of  a  dam  which  will  be, 
probably,  the  largest  in  the  world.  This  dam  will  be  built 
across  the  upper  end  of  the  .San  Mateo  Canon,  about  4|^  miles 
west  of  the  town  of  .San  Mateo,  Cal. ;  it  will  be  700  ft.  long, 
170  ft.  high,  175  ft.  thick  at  the  base,  20  ft.  thick  at  the  top. 

This  dam  will  make  the  head  of  the  canon  a  great  storage 
reservoir,  having  a  capacity  of  about  32,coo,oou  gallons.  It 
is  claimed  that  the  water  collected  and  stored  there  will  be 
very  pure.  The  connection  between  the  reservoir  and  the 
present  water-works  will  be  an  expensive  work,  including  a 
tunnel  about  4^^  miles  long. 

Railroads  in  Japan.— A  German  authority  gives  the  condi- 
tion of  railroads  in  [apan  as  follows,  about  the  middle  of 
18S6  : 

Govt.        Private.        Total. 

In  operation 227  120  147 

Under  construction '. 68  42  no 

Surveyed  and  located yi  155  246 

Projected too  si'"'  4;,6 

Contracts  have  recently  been  let  in  Germany  for  rails  and 
rolling-stock.  A  few  locomotives  have  been  built  in  the  United 
States,  and  there  has  been  some  talk  recently  of  further  orders 
coming  here,  but  we  have  not  heard  anything  definite  about 
the  matter. 

The  Action  of  Nitrogen  on  Iron. — Mr.  H.  N.  Warren  has 
subjected  specimens  of  line  merchant  iron  to  the  action  of 
nitrogen  in  ammonia  gas  while  at  a  bright  red  heat,  and  found 
that  on  cooling  it  showed  an  intense  white  surface,  with  in- 
creased hardness.  Its  fracture  was  crystalline,  and  resembled 
that  of  siliconized  steel.  It  also  showed  the  presence  of  nitro- 
gen under  analysis,  through  the  formation  of  ammonia. 
Copper  bars  also  showed  similar  changes  when  subjected  to 
nitro,i;en  in  the  same  way.  Some  of  the  bars  split  upon  being 
brought  into  the  atmosphere  before  they  were  cold.  Mr. 
Warren  thinks  this  phenomenon  due  to  their  absorption  of  am- 
monia while  heated,  and  expulsion  of  it  when  cooled  ;  an  effect 
similar  to  the  absorption  of  oxygen  by  silver. 

Brake  Patent  Suits.— The  Westinghouse  Air  Brake  Com- 
pany and  George  Westinghouse,  Jr.,  have  begun  suits  against 
.1.  F.  Carpenter,  the  inventor  of  the  Carpenter  air-brake,  for 
infringement  of  the  Westinghouse  patents.  The  complaint 
charges  that  the  Carpenter  brake,  as  exhibited  at  Burlington, 
is  an  infringement  in  several  points,  the  chief  ones  being  the 
couplings,  the  brake  valve,  the  train-pipe  and  the  brake 
cylinder.     Mr.  Carpenter  claims  that  he  has  a  full  defense. 

The  case  will  be  heard  by  the  United  States  Circuit  Court  at 
Keokuk,  la  .  at  the  July  term.  Similar  suits  have  been  tried 
in  England  and  Germany,  but  the  Carpenter  brake  as  there 
used  differs  considerably  from  the  brake  on  trial  at  Burlington, 
so  that  the  present  case  is  substantially  a  new  one. 

A  New  Coasting  Steamer. — The  new  steamship  lVi>il/iro/>, 
built  by  the  New  England  Shipbuilding  Company  to  run  be- 
tween New  York  and  Portland,  is  ecjuipped  with  boilers  and 
engines  from  the  .Vew  England  Iron  Works,  the  machinery 
being  designed  by  the  Superintendent  of  the  works.  Her 
engines  are  triple-expansion,  with  cylinders  22,  36  and  55  in. 
in  diameter  and  36  in.  stroke,  and  intended  to  run  at  a  speed 
of  1)0  revolutions  per  minute.  She  has  a  surface  condenser 
weighing  S  tons.  Her  propeller  is  12  ft.  in  diameter,  and 
weighs  5.600  lbs.  The  two  boilers  are  10  ft.  in  diameter  and 
24  ft.  long,  both  of  extra  quality  steel,  and  calculated  to  carry 
a  working  pressure  of  150  lbs.  to  the  square  inch.  There  are 
three  circular  furnaces  in  each  boiler.  The  consumption  of 
coal  will  be  13  tons  in  24  hours. 

Kentucky  Mineral  Deposits.— The  report  recently  issued 
by  the  Geological  Survey  of  Kentucky,  on  the  geology  of 
Elliott  County,  discusses  the  coal  measures  of  that  region,  and 
especially  the  massive  conglomerate,  which,  along  certain  up- 
lifts, has  been  deeply  trenched  by  the  streams,  the  vertical 
walls  of  the  narrow  and  exceedingly  picturesque  gorges  rang- 
ing from  75  to  175  ft.  in  height.  We  also  find  here  full 
accounts  by  Messrs.  Crandall  and  Oilier  of  the  trap  dike  of 
Elliott  County,  vfhich  is  noteworthy  as  being  the  only  mass  of 
eruptive  rock  yet  discovered  in  Kentucky,  and  of  the  interesting 
possibilities  in  the  way  of  diamonds  suggested  by  Professor 
Lewis.  But,  although  this  peridotite  is  similar  to  that  so 
closely  associated  with  the  diamonds  in  South  Africa.  Mr. 
Diller  finds  no  facts  which  would  warrant  a  persistent  search 
for  the  gems  in  Kentucky.— .S'^:«;<rf, 

Induction  Telegraph  For  Trains.— The  Consolidated 
Railway  Telegraph  Company,  which  now  possesses  all  of  the 
patents  covering  telegraphing  by  induction  to  and  from    mov- 
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ing  trains,  and    also   contracts   wuh  the    principal    inventors 
covering  future  improvements. 

Negotiations  are  pending  lietween  the  new  company  and 
several  prominent  trunk  lines,  and  it  is  prepared  to  open 
negotiations  with  railroad  com|)anies  in  the  United  States  and 
the  Canadas  for  the  application  of  its  improved  cuniljined 
system  of  railway  telegraphing  upon  very  favorable  terms. 

The  new  "  Duplex"  feature  of  the  system  deserves  care- 
ful investigation  and  attention,  as  by  its  means  one  wire  may 
be  used  for  telegraphing  simutaneously  between  stations  and 
between  moving  trains  and  stations,  thus  obviating  in  many 
instances  the  use  of  any  other  telegraph   line. 

An  Iron  Lighthouse. — The  CoUvell  Iron  Works  in  New 
York  have  just  completed  an  iron  lighthouse  for  the  Govern- 
ment. It  is  for  Anclote  Key,  on  the  west  coast  of  Florida. 
It  is  a  skeleton  lighthouse,  106  ft.  high  from  the  base  to  the 
top  of  the  lantern  chamber.  It  consists  of  a  hollow  central 
shaft,  6  ft.  6  in.  in  diameter,  secured  by  heavy  posts  fastened 
with  radial  struts  and  stiffened  by  wrought-iron,  diagonal  tie 
bolts.  When  in  position  it  will  have  a  concrete  foundation  4  ft. 
deep  and  3S  ft.  square.  The  lantern  chamber  is  reached  by  a 
spiral  iron  staircase  inside  the  central  shaft.  The  doorways 
and  windows  are  solidh  storm-proof.  Just  below  the  lantern 
chamber  is  the  watch  room,  whence  the  oil  is  pumped  to  the 
lantern.  This  room  is  lighted  by  port-holes  in  the  floor, 
solidly  glazed.  The  lantern  chamber  itself  is  octagonal  in 
shape  and  about  10  ft.  high.  The  light  and  the  glass  sides  of 
the  chamber  are  beini;  made  in  France.  The  lighthouse  will 
cost  the  Government  q^i  1,000,  and  weighs  only  75  tons. 

The  New  Cruiser  "  Atlanta."— The  last  report  of  the 
Naval  Advisory  Board  on  the  Allanta  states  that  the  vessel  on 
her  si.'c  hours'  speed  trial  developed  a  collective  horse-power 
only  4.1  per  cent,  below  the  requirement  of  the  contract,  and 
that  this  failure  was  not  due  to  defective  material  or  work- 
manship, with  the  exception  of  a  slight  defect  in  the  arrange- 
ment for  oiling  the  crank-pins.  The  Board  suggests  a  few 
additional  changes  and  improvements,  which  have  been 
ordered  to  be  carried  out  by  the  bureaus. 

The  entire  battery  of  the  ship,  including  both  the  6  and  8- 
in.  guns  and  their  carriages,  with  steam  gear  for  the  latter, 
are  complete.  In  fact  the  ordnance  officers  finished  their 
work  on  her  several  weeks  ago,  and  as  her  ammunition  is 
ready  at  I-^Uis  Island,  no  delay  in  her  departure  for  sea  can  re- 
sult on  account  of  her  armament.  The  work  recommended 
by  the  Advisory  Board,  including  new  braces  necessary  for 
her  boilers,  will  involve  about  a  month's  attention  at  the  Xew 
York  Navy  Yard. — Army  and  Xavy  Register. 

\Vood  Screws. — Diamond-pointed  steel  screws  are  a  new 
article  made  by  the  Russell  ^S:  Erwin  Manufacturing  Com- 
pany, of  New  Britain,  Conn.,  and  the  following  advantages 
are  claimed  for  them  :  ' '  They  can  be  driven  easily  with  a  ham- 
mer their  entire  length  into  the  most  thoroughly  seasoned  oak, 
maple,  hickory  or  other  hard  wood  when  desired  ;  but  in  ordi- 
nary practice,  the  best  results  may  be  obtained  by  hammer 
driving  part  way,  and  then  turning  them  in  with  a  screw  driver. 
The  characteristic  features  of  these  screws  are,  the  pyramidal 
point,  the  ratchet  thread  3.ni  \\\it  convex  ox  oval  head  ;  the  first 
two  greatly  facilitate  the  penetration  of  the  wood  without 
breaking  down  its  fiber  when  driven  by  a  hammer,  the  thread 
is  the  best  shape  to  engage  with  the  wood  while  resisting  a 
pulling  strain,  and  the  form  of  head  obviates  the  liability  of  its 
breaking  or  splitting.  In  all  cases  they  may  be  withdrawn 
with  a  screw  driver,  whether  they  have  been  hammered  or 
screwed  into  the  wood." 

Some  personal  experience  with  these  screws  has  proved  that 
they  are  a  valuable  addition  to  the  outfit  of  the  wood-worker, 
and  that  when  once  used  they  will  not  be  discarded. 

Safety  of  Passengers.— Governor  Hill,  of  New  York,  has 
approved  the  bill  passed  by  the  last  Legislature  providing  for 
the  safety  of  railroad  passengers  in  that  State.  This  bill 
makes  it  unlawful  for  any  steam  railroad  after  May  i,  188S, 
"  to  heat  its  passenger  cars  of  other  than  mixed  trains  by  any 
stove  or  furnace  kept  inside  the  cars  or  suspended  therefrom, 
except  that  it  may  be  lawful,  in  case  of  accident  or  other  emer- 
gency, to  temporarily  use  any  such  stove  or  furnace  with 
necessary  fuel  ;  provided  that,  in  cars  which  have  been  occu- 
pied with  apparatus  to  heat  by  steam,  hot-water  or  hot-air 
from  the  locomotive,  or  from  a  special  car,  the  present  stove 
may  be  retained,  to  be  used  only  when  the  car  is  standing 
still ;  and  provided  also,  that  this  act  shall  not  apply  to  rail- 
roads less  than  50  miles  in  length,  nor  to  the  use  of  stoves  of 
a  pattern  and  kind  to  be  approved  by  the  Railroad  Commis- 
sioners, for  cooking  purposes,  in  dining-room  cars." 

The  second  section  of  the  law  provides  that,  after  November 
I,  1SS7,  all  railroad  bridges  shall  be  provided  with  floor-sys- 


tems so  constructed  as  to  support  a  derailed  locomotive  or  car; 
that  is,  the  floor-systems  must  be  so  constructed  that,  in  case 
of  a  derailment,  the  locomotive  or  car  will  not  break  through 
the  tloor.  All  bridges  must  also,  from  the  same  date,  be  pro- 
vided with  guard-rails  and  guard-timbers,  so  arranged  as  to 
guide  the  wheels  in  case  of  derailment  and  to  prevent  the  de- 
railed train  or  car  from  running  off,  or  striking  the  side  of  the 
bridge.  The  guard-rails  must  also  be  maintained  upon  the 
approaches  to  all  bridges.  The  penalty  for  a  violation  of  this 
section  is  !jl,<xio  for  each  offence. 

Submarine  Torpedo-Boats. — The  submarine  steam  tor- 
pedo-vessel Nordenfelt  has  just  completed  what  may  be  con- 
sidered a  most  crucial  trial  trip  as  a  surface-boat  in  making  the 
voyage,  through  at  times  heavy  seas,  from  Barrow-in-Furness 
— where  she  was  built — to  Southampton,  in  the  neighborhood 
of  which  she  is  shortly  to  prove  her  use  and  enoimous  offen- 
sive capabilities.  She  was  during  the  voyage  tested  by  her 
commander  in  every  wind  and  condition  of  wave  and  sea,  and 
by  her  behavior  therein  she  has  shown  that  she  will  be  capable 
of  being  mancjeuvred  in  any  possible  weather,  however  bad  ; 
an  advantage  possessed  by  no  other  torpedo-boat.  During 
the  trip  no  attem|)t  was  made  to  test  the  speed  of  the  new  ves- 
sel, only  one  boiler  being  used,  and  that  without  forced 
draught.  The  object  aimed  at  was  rather  to  show  how  far  she 
could  be  driven  at  a  fair  speed  on  a  small  consumption  :  and 
on  the  result,  namely,  too  mdes  on  just  over  i  J^  tons  of  coal, 
Mr.  Nordenfelt  is  to  be  congratulated.  A  higher  economy 
than  this  will,  beyond  doubt  be  obtained  with  higher  pressures 
than  it  was  convenient  to  use  durmg  this  her  maiden  trip,  and 
when  we  mention  that  she  is  capable  of  carrying  on  board  up- 
wards of  20  tons  of  coal,  it  will  be  seen  how  wide  her  opera- 
tions may  be.  The  vessel  is  now  in  Southampton  Docks, 
having  such  upper  gear  as  was  found  necessary  for  the  voyage 
— such  as  masts,  side-lights,  bridge-railings,  winches,  etc. — 
taken  off  her,  and  is  being  made  to  look  like  what  she  is,  a 
submarine-boat.  She  is  then  to  be  taken  out  for  speed,  pro- 
gressive, and  other  trials,  the  results  of  which  will  be  given  in 
our  columns.—  Ihe  En:^ineer. 

Boiler  Explosions  in  1886, — The  Locomotive  says:  "The 
total  number  of  explosions,  so  far  as  we  have  been  enabled  to 
learn,  was  1S5  ;  in  many  cases  more  than  one  boiler  exploded, 
but  it  is  reported  as  one  explosion. 

"  The  number  of  persons  instantly  killed,  or  so  badly  injured 
that  they  died  within  a  very  short  time  after  the  accident,  was 
254  ;  the  number  injured,  many  of  whom  were  stated  by  the 
report  to  be  fatally  injured,  was  314,  or  a  grand  total  of  568 
persons  killed  and  badly  hurt.  This  is  a  showing  of  which  the 
people  of  the  country  at  large  are  not,  in  all  probability,  at  all 
proud. 

"As  has  invariably  been  the  case,  the  greatest  number  of 
explosions  has  been  furnished  by  saw-mill  boilers,  24.3  per 
cent,  of  the  whole  number  being  in  this  class. 

"The  next  in  frequency  is  the  locomotive,  22,  or  nearlv  12 
per  cent,  of  the  whole  being  furnished  the  past  year  by  this 
class.  And  yet  many  writers  on  the  theory  of  boiler  explosions 
make  the  assertion,  to  back  up  some  pet  idea,  that  locomotive 
boilers  rarely  explode.  Facts  do  not  bear  out  this  assertion. 
The  next  largest  number  occurred  among  the  class  of  boilers 
used  about  mines,  collieries,  etc.,  17  being  the  total.  Some  of 
these  explosions  were  very  destructive. 

"Distilleries  and  portable  boilers  come  next  with  16  each. 
Some  of  the  explosions  in  the  latter  were  especially  disaslroui 
their  violence  would  seem  to  indicate,  almost  to  a  certaintv 
strong  boilers,  plenty  of  water  and  very  high  pressures,  prob- 
ably over-pressure  due  to  neglected  safety-valves 

"  Rolling-mills  and  iron  works  come  next  with  15  explosions  of 
the  usual  destructive  character  common  to  this  class  of  boilers. 

"Steam  vessels,  which  are  generally  near  the  head  of  the 
list,  rank  sixth,  the  total  number  reported  being  14." 

Mexican  Trade  Requirements. — The  United  States  Con- 
sul at  Guerrero,  Mexico,  writes  :  "There  is  no  demand  here  for 
machinery  of  any  sort.  In  agriculture  a  few  small  iron  plows, 
it  is  true,  are  used,  and  I  believe  that  they  are  coming  into 
more  general  use.  The  plow  used  by  Mexicans  is  made  out 
of  a  crooked  fork  of  a  tree,  tipped  with  iron.  Their  hoes  are 
very  wide,  heavy,  and  clumsy.  A  light  hoe  would  be  useless 
where  so  many  bushes  and  stumps  are  left,  after  their  mode  of 
plowing.  No  mowers,  reapers,  thrashing  machines,  or  har- 
rows are  used  or  needed,  as  corn  is  the  only  kind  of  grain 
cultivated  here.  Carpenters',  blacksmiths'  and  shoemakers' 
tools  find  a  ready  sale.  Washing  machines  or  wash-boards  are 
not  used.  The  washing  is  done  by  women,  who  stand  along 
the  banks  of  the  river  and  scrub  the  clothes  on  flat  stones, 
and  afterwards  hang  them  out  to  dry  on  the  bushes.  There 
are  no  windmills,  although  they  would  be  particulary  useful 
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for  pumping  water  out  of  the  river  for  irrigating  purposes,  as 
the  crops  are  generally  lost  because  of  the  drought  ;  and  if 
artesian  wells  were  sunk  they  could  be  used  for  giving  water 
to  stock.  In  fact,  neither  agriculture  nor  stock  raising  can  be 
profitably  carried  on  here  without  artesian  wells  and  wind- 
mills. A  few  pumps  could  be  sold  here  at  present,  especially 
pumps  for  cisterns.  It  would  pay  some  enterprising  person  to 
come  to  Me.xico  and  put  down  artesian  wells  and  erect  wind- 
mills, especially  on  the  plains  which  extend  south  of  the  Si- 
erra Madre.  When  I  speak  of  machinery  I  only  refer  to  this  con- 
sular district ;  in  the  interior  of  Mexico  considerable  machin- 
ery is  being  introduced  of  all  kinds.  There  is  no  demand 
in  this  consular  district  for  mining  machinery  and  implements, 
as  the  only  mines  here  are  of  coal,  and  they  are  not  worked  at 
present  for  want  of  means  for  transporting  the  coal.  The 
nearest  silver  mines  are  at  Cerralvo  and  Vallecillo,  in  Nueno 
Leon,  90  miles  distant.  No  electric  machiney  would  sell  here 
at  present." 

A  New  Valve-Gear. — In  a  paper  on  New  Constructions  of 
Highspeed  Engines,  presented  to  the  Vcrein  zur  Beforderinig 
ties  Ge'.uer/'fleisses  (Germany),  a  short  time  ago.  Dr.  Proell, 
among  other  things,  described  his  system  ol  valve-gearing, 
which  has  found  much  favor  with  German  engine  builders. 
His  remarks  are  therefore  not  without  interest : 

In  place  of  four  flat-balanced  slide-valves,  as  used  in  the 
Porter-Allen  engine,  a  cylindrical  oscillating  valve  is  em- 
ployed, placed  below  the  cylinder.  The  a.xis  of  the  valve  is  at 
right  angles  with  that  of  the  cylinder.  The  steam  passes 
through  the  inside  of  the  valve  ;  the  ports  are  in  that  part  of 
the  surface  furthest  from  the  cylinder.  The  weight  of  the 
valve  rests  on  the  wearing  surface,  and  all  the  lubricant  from 
the  cylinder  flows  lo  it  down  the  steam  passages.  In  conse- 
quence of  the  low  position  of  the  valve  the  condensed  water 
runs  off  from  the  cylinder  of  itself.  To  insure  sufficient  ad- 
mission area  with  an  early  cut-off  there  are  two  passages  in 
the  valve  bv  which  the  steam  can  enter.  Motion  is  given 
through  a  crank  attached  to  the  valve  spindle  by  an  eccentric- 
rod.  Instead  of  the  curved  link  of  the  Porter-Allen  engine 
a  straight  bolt  is  used  on  which  the  block  connected  with  the 
eccentric-rod  slides.  In  order  to  obtain  a  constant  lead  for 
various  degrees  of  expansion  a  double  motion  is  employed, 
both  the  rod  and  the  eccentric  strap  being  adjusted  by  the 
governor.  A  special  construction  of  governor  of  Dr.  Proell's 
design  is  also  used  :  it  is  of  the  im-erted  type,  a  spring  taking 
the  place  of  the  counterweight  in  ordinary  governors.  The 
distinctive  feature  consists  in  the  fact  of  the  proportions  being 
so  arranged  that  the  balls  always  move  approximately  in  a 
plane  at  right  angles  to  the  governor-spindle,  so  that  when 
the  latter  is  vertical  no  work  is  performed  by  the  weight  of 
the  balls.  The  action  is  approximately  astatic'.  In  the  larger 
machines  of  this  type  a  longitudinal  reciprocating  motion  is 
imparted  to  the  valve,  not  synchronous  with  the  oscillations 
of  the  latter.  This,  it  is  claimed,  makes  the  wear  very  uni- 
form, prevents  grooving,  and  reduces  the  friction,  thus  render- 
ing easier  the  work  of  the  governor, 

Cornell  University. — Professor  R.  H.  Thurston,  Director 
of  the  Sibley  College  (the  department  of  mechanical  engineer- 
ing) of  Cornell  University,  has   issued  the  following  circular  : 

"  An  unexpectedly  rapid  growth  in  the  numbers  of  stu- 
dents registering  m  the  Cornell  University  for  the  Sibley  Col- 
lege courses,  in  the  pist  two  years,  and  since  their  establish- 
ment on  their  present  basis,  has  already  crowded  that 
institution  to  its  utmost  capacity  in  many  directions,  the 
number  in  the  college  having  already  approached,  within  25, 
that  considered  the  maximum  which  can  be  accommodated  in 
the  existing  buildings.  A  new  building  now  in  progress — 
under  contracts  made  by  the  Hon.  Hiiam  Sibley  and  which 
will  be  presented  to  the  University — will,  however,  increase 
the  total  space  available  next  year  by  50  per  cent.,  and  will 
bring  the  total  number,  as  a  maximum,  when  all  classes  are 
filled  on  the  new  basis,  up  to  300. 

"This  enlargement  of  the  Sibley  College  will  make  it  pos- 
sible, under  the  conditions  stated  in  the  Register  of  the  Uni- 
versity, to  increase  the  number  admitted  into  the  Freshman 
Class  to  too;  while  25  or  more  may  be  admitted  into  the 
upper  classes  and  the  advanced  courses  of  post-graduate  in- 
struction. Should  more  apply  than  the  number  just  specified, 
preference  will  be  given  to  those  shown  by  the  results  of  the 
examinations  for  admission  to  be  best  prepared.  Students 
unable  to  register  in  the  Sibley  College  courses  leading  to  a 
degree  may,  if  they  choose,  enter  any  other  courses  for  which 
they  may  have  sufficient  preparation. 

"  It  is  hoped  that,  at  a  later  time,  when  further  extensions  of 
the  buildings,  additions  of  proportional  extent  to  the  equip- 
ment, and  the  growth  of  the  income  of  the  University  and  of 
'he  assured  income  of  the  college  shall  have   permitted  still 


farther  development  of  the  Sibley  College  system  of  schools 
and  of  related  departments  of  the  University,  the  limit,  as  to 
numbers,  may  be  again  extended  so  as  to  permit  the  admis- 
sion of  all  applicants  well  fitted  to  profit  by  such  instruc- 
tion as  is  here  offered.  At  present,  only  those  who  are  well 
prepared  can  be  certain  of  admission  to  the  courses  leading  to 
a  degree." 

Blast  Furnaces  of  the  Uuited  States.  —  The  American 
Manttfactiirer,  after  giving  its  usual  monthly  tables,  says: 
"  In  a  condensed  form,  the  statistics  of  the  furnaces  for  June 
I,  is  as  follows  : 

In  blast.  Out  of  blast. 

'"  Weekly""  Weekly 

I'ucl.                                         No.  capacity.  No.  capacity. 

Charcoal   62           11,809  "6  '2.738 

Anthracite 145           41,288  60  iSiS^S 

Bituminous 104           54,767  105  57,348 

Total 311  107,964  2S1.         85,589 

The  most  noticeable  change  in  this  report,  as  compared  not 
only  with  that  of  last  month  but  with  that  for  many  previous 
months,  is  the  falling  off  in  the  number  of  bituminous  furnaces 
in  blast.  Since  March  i,  1SS6,  there  have  not  been  so  few 
furnaces  in  blast.  At  that  time  the  small  number,  105  just, 
was  owing  to  a  coke  strike,  the  same  cause  that  has  reduced 
the  number  of  furnaces  in  blast  at  the  present  time.  It  is 
probable  that  if  all  the  furnaces  that  were  banked  June  i,  had 
been  reported  as  banked  and  included  in  the  table  as  out  of 
blast,  the  number  would  have  been  reduced  below  100,  a 
smaller  number  than  has  been  in  blast  at  any  time  since 
November  i,  1S85. 

"  The  chief  changes  have  been  in  the  Pittsburgh  and  She- 
nango  Valley  districts  in  Pennsylvania,  the  Mahoning  Valley 
and  Eastern  Central  and  Northern  districts  in  Ohio  and  in 
Illinois,  32  of  the  45  furnaces  less  in  blast  being  reported  in 
these  districts.  In  the  South,  with  the  exception  of  Virginia, 
there  has  been  an  increase  in  furnaces  blowing.  Some  of  the 
Virginia  furnaces  use  a  portion  of  Connellsville  coke  and  are 
out  of  blast  or  banked. 

"Furnaces  using  other  fuel  than  coke  show  but  little 
change,  though  anthracite  furnaces,  which  use  considerable 
coke,  would  show  a  considerable  falling  off  in  the  actual 
make." 

A  year  ago,  on  June  I,  1886,  there  were  in  blast  30S 
furnaces  (54  charcoal,  123  anthracite  and  131  bituminous),  hav- 
ing a  total  weekly  capacity  of  118,770  tons. 

Promotion  of  Locomotive  Engineers. — Mr.  G.W.  Gushing, 
Superintendent  of  Motive  Power  and  Rolling  Equipment  of 
the  Philadelphia  &:  Reading  Railroad,  has  issued  the  follow- 
ing circular  in  relation  to  promotions  : 

"  Cases  having  recently  come  to  notice  indicating  the  neces- 
sity for  a  settled,  understood  system  in  the  matter  of  promo- 
tions of  men,  this  circular  is  therefore  issued  for  information 
of  employes  interested. 

"  Promotion  to  road-engineer  necessitates  regular  service  as 
fireman  on  the  P.  &  R.  R.  R.,  and  it  may  become  expedient 
to  choose  from  the  ranks  of  firemen  men  for  switch-engines 
and  work-trains.  Where  the  circumstances  are  favorable, 
firemen  may  first  be  used  as  hostlers,  until  thoroughly  familiar 
with  that  important  line  of  duty,  and  advance  through  the 
grade  of  shifting  and  pusher  engineers,  to  regular  road  ser- 
vice, if  found  in  all  respects  capable  and  worthy.  Those  fire- 
men will  be  selected  who  possess  a  good  record  for  regular 
habits,  who  stand  well  as  men,  and  who  are  sufficiently  edu- 
cated in  their  duty  to  become  creditable  to  the  service.  None 
who  are  known  to  use  liquors  in  any  quantity  as  a  beverage 
will  be  selected  ;  with  this  in  view  it  will  be  well  for  the  fire- 
men to  seek  information  relative  to  their  duty,  and  to  fit 
themselves  for  advancement  ;  to  those  who  are  so  disposed, 
the  officials  of  the  railroad  connected  with  the  machinery 
department  will  cheerfully  give  such  information  as  time  and 
circumstances  will  permit.  The  road  foreman  will  instruct 
engineers  and  firemen  in  all  matters  they  desire  to  know. 

"Those  who  are  advanced  to  the  grade  of  road  engineer 
will  retain  that  rank.  In  case  at  any  time  it  becomes  necessary 
to  decrease  the  number  of  road  engineers,  those  who  are 
dispensed  with  will  be  offered  temporary  places  in  a  lower 
grade,  the  youngest  to  switch  engineers  and  firemen,  but 
their  places  in  proper  rank  will  be  held  open  for  them. 

"Selections  for  passenger-train  engineers  will  hereafter  be 
made  from  the  ranks  of  freight  engineers  ;  the  oldest  in 
service,  if  worthy  and  capable  in  all  respects,  will  have  the 
preference.  Meii  who  are  offered  passenger-runs  and  decline 
to  accept  them,  will  thereby  waive  their  right  to  the  run 
offered,  and  it  will  remain  discretional  thereafter  if  they  shall 
again  be  offered  the  passenger-run. 

"  All  men  employed   as    road  engineers  shall  be  required  to 
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pass  examination  before  the  Divisioa  Superintendeius  or 
their  representatives,  relative  lo  their  understanding  of  the 
transportation  time-tables,  or  book  o(  rules,  and  the  interpre- 
tation given  by  the  Superintendent  must  be  accepted  and  acted 
upon  by  the  engineer.  In  cases  of  dullness  in  comprehending 
rules,  the  Superintendent  will  decline  to  certify  to  the  fitness 
of  the  applicant,  in  which  case  he  will  not  be  employed  as 
locomotive  engineer." 

The  Vogelsang  Propeller. — The  Vogelsang  propeller  is 
now  attracting  the  attention  <<{  Navy  men  by  reason  of  the  re- 
markable accounts  received  here  of  its  performances  in 
Europe.  It  is  staled  that  when  applied  to  a  German  torpedo- 
boat,  without  any  increase  of  power,  the  speed  of  the  boat  was 
increased  from  21  knots  to  over  2(>  knots.  There  is  trust- 
worthy evidence  that  it  has  increased  the  speed  of  a  number 
of  launches  and  other  small  cratt  as  much  as  33J  per  cent. 
This  invention  is  about  to  be  tried  on  one  of  the  North  Ger- 
man Lloyd  steamers  between  Bremerhaven  and  London.  It 
was  developed  by  the  inventor  at  the  Washington  Navy  Yard, 
an  it  seems  strange  that  it  was  never  officially  reported  upon 
here.     Mr.  Vogelsang's  patent  covers  the  following  claims  : 

"  I.  A  propeller  consisting  of  a  hub  provided  with  two  or 
more  blades  or  wings  grouped  upon  but  one  side  and  un- 
equally distributed  about  said  hub,  but  in  which  the  distance 
between  the  blades  is  not  uniform,  and  in  which  no  two  blades 
are  diametrically  opposite,  substantially  as  and  for  the  pur- 
pose specified. 

"  2.  A  propeller  having  its  blades  grouped  upon  one  side  of 
the  hub  or  shaft  only  and  in  which  no  two  blades  are 
.diametrically  opposite,  and  in  which  the  distance  between  the 
blades  is  not  uniform,  and  a  non-propulsive  counterbalance 
arranged  upon  the  side  of  the  hub  or  shaft  opposite  to  that  on 
which  the  blades  are  located,  substantially  as  and  for  the  pur- 
pose specified. 

"  3.  A  propeller  consisting  of  a  boss  or  hub  provided  with 
two  or  more  blades  grouped  upon  one  side  only  of  the  said  hub, 
and  in  which  no  two  blades  of  the  group  are  arranged  diame- 
trically opposite,  and  a  single  blade  arranged  opposite  to  the 
group  of  blades,  but  in  which  the  distance  between  the  blades 
is  not  uniform,  substantially  as  and  for  the  purpose  speci- 
fied." 

The  inventor  says  of  what  he  has  been  able  to  accomplish  : 
"With  propellers  in  which  there  are  a  large  number  of 
equally  distributed  blades,  the  water  is  so  greatly  churned 
that  it  is  difficult  for  the  blades  to  obtain  a  solid  hold  in  the 
fluid,  and  consequently  the  loss  by  slippage  is  very  great.  By 
arranging  the  blades  as  herein  described  and  shown,  forming 
a  more  opf  n  space  between  them,  they  are  enabled  to  take  a 
firm  hold  upon  the  water,  and  the  slip  is  much  reduced,  and 
this  reduction  is  shown  in  an  increase  of  speed  with  a  given 
number  of  revolutions.  It  is  also  evident  that  as  the  blades 
are  located  to  one  side,  one  side  of  the  shaft  will  take  the  wear 
and  will  run  upon  the  bearing-bo.\,  the  pressure  traveling 
around  the  box  instead  of  around  the  shaft,  as  heretofore. 
This  change  of  pressure  is  very  advantageous,  as  the  box  may 
be  made  with  a  replaceable  bearing, and  the  life  of  the  propeller- 
shaft  would  be  greatly  lengthened." — Army  a  tit/ .Vary  Re:^ister. 

The  Use  of  Wolfram  or  Tungsten. — For  the  iast  30  years 
the  beneficial  effects  of  an  addition  of  wolfram  or  tungsten  to 
steel  have  been  fully  recognized,  but  the  error  has  so  often 
been  made  to  employ  as  an  addition  an  impure  tungsten  that 
results  have  varied  considerably  and  have  depreciated  to  some 
extent  the  value  of  the  steel.  Going  on  the  idea  that  the  cause 
of  this  variation  in  the  results  is  the  use  of  impure  tungsten 
carrying  either  sulphur  or  phosphorus,  or  both,  Mr.  Theodore 
Kniesche,  of  Rosswein,  Saxony,  started  on  the  plan  of  pro- 
ducing first  a  pure  tungsten  %vhich  would  secure  uniformity  of 
results.  Steel  alloyed  with  pure  tungsten  is  remarkable  for  its 
hardness  and  toughness,  the  cost  being  only  slightly  greater  as 
compared  to  the  improvement  in  quality.  It  is  stated  also 
that  tungsten  steel  is  very  suitable  for  the  manufacture  of  steel 
magnets,  since  it  retains  its  magnetism  longer  than  ordinary 
steel.  Mr.  Kniesche  has  made  tungsten  up  to  g8  per  cent,  fine 
a  specialty,  and  has  introduced  it  at  Krupp's  and  a  number  of 
SheflSeld  and  French  steel  manufacturers.  Dr.  Heppe,  of  Lin- 
denau.  Leipzig,  has  written  a  number  of  articles  in  German 
technical  publications  on  the  subject.  The  following  instruc- 
tions are  given  concerning  the  use  of  tungsten  ;  In  order  to 
produce  cast-iron  possessing  great  hardness  an  addition  of  }^ 
to  I J^  per  cent,  of  tungsten  is  all  that  is  needed.  For  bar-iron 
it  must  be  carried  up  to  i  to  2  per  cent.,  but  should  not  exceed 
2>^  per  cent.  For  puddled  steel  the  range  is  larger,  but  an 
addition  beyond  3J^  per  cent,  only  increases  the  hardness  so 
that  it  is  brought  up  to  r  J/^  per  cent,  only  for  special  tools, 
coinage  dies,  drills,  etc.  For  tires,  2/2  to  5  per  cent,  have 
proved   best,  and  for  axles,   V^   to   i  ;i  per  cent.     Cast-steel  to 


which  tungsten  has  been  added  needs  a  higher  temperature 
for  tempering  than  ordinary  steel,  and  should  be  hardenfd 
only  between  yellow,  red  and  white.  Chisels  made  of  tung- 
sten steel  should  be  drawn  between  cherry-red  anil  blue,  and 
stand  well  on  iron  and  steel.  Tempering  is  best  done  in  a 
mixture  of  5  parts  of  yellow  rosin,  3  parts  of  tar  and  2  parts  of 
of  tallow,  and  then  the  article  is  once  more  heated  and  then  as 
ordinarily  tempered  in  water  of  about  15°  Centigrade. 

It  has  been  repeatedly  shown  that  good  tungsten  steel  can 
also  be  produced  in  a  Bessemer  converter,  but  the  drawback 
is  that  part  of  the  tungsten  is  burned,  and  its  consumption, 
therefore,  is  greater  than  in  the  case  of  crucible  steel,  but  it 
has  been  successfully  tried  to  carry  all  of  the  tungsten  added 
to  pig-iron  in  a  cupola.  Pure  tungsten  is  a  powder,  and, 
therefore,  a  greater  part  of  it  would  be  blown  out  of  a  cupola 
if  it  were  put  in  any  other  form  ;  therefore,  the  metal  is  mixed 
with  one  part  of  slack  lime  perfectly  dry  and  enough  hot  tar  to 
make  small  bricquettes.  A  layer  of  coke  is  put  on  the  bottom 
of  the  cupola,  followed  by  a  layer  of  these  bricquettes,  covered 
with  some  coke,  and  then  a  charge  of  pig-iron  with  lime  as  a 
flux  ;  following  them  in  regular  order  charges  of  coke,  bric- 
quettes, pig-iron,  etc.,  until  the  furnace  is  full.  After  the  iron 
is  melted  it  must  be  well  stirred  and  kept  hot  for  half  an  hour. 
Alloys  of  tungsten  with  bronze  have  been  found  very  suitable. 
A  tungsten  bronze  containing  lYz  per  cent,  of  tungsten,  95  per 
cent,  of  copper  and  3^^  per  cent,  of  tin  is  very  tough  and  rolls 
well. 

The  North  Sea  Canal. — Work  was  formally  begun  June 
2,  on  the  North  Sea  Ship-Canal,  which  is  to  extend  from  the 
Bay  of  Kiel  on  the  Baltic  Sea  to  the  River  Elbe  near  its  mouth. 
This  canal  will  enable  vessels  to  pass  from  the  Baltic  to  the 
North  Sea,  avoiding  the  long  and  dangerous  passage  around 
Denmark.  It  will  be  the  realization  of  a  very  old  project,  a 
canal  having  been  first  proposed  500  years  ago. 

The  canal  itself,  which  will  be  a  clear  cut  from  sea  to  sea, 
will  have  locks  at  both  ends,  with  tide-gates  to  insure  commu- 
nication at  any  hour  and  under  any  condition  of  tides  or  tem- 
porary currents.  Leaving  the  Elbe  in  a  northeasterly  direc- 
tion it  will  be  cut  through  sandy  soil  to  the  Lake  of  Kuden  (S 
kilometers),  where  considerable  engineering  difficulties  will 
have  to  be  overcome  on  account  of  the  marshy  character  of 
the  ground.  After  crossing  the  Lake  of  Kuden  the  canal  fol- 
lows for  awhile  the  valley  of  the  little  River  Burgeran  to  the 
village  of  Burg,  15  km.  from  the  starting  point. 

At  a  point  5  km.  further  it  strikes  the  river  Koltenau,  which 
is  crossed  and  recrossed,  and  a  tributary  of  which  is  followed 
through  rising  ground  to  Klein  and  Gross-Bornholt  (27  km.) 
and  Groendal,  the  highest  point  of  the  route.  Here  excava- 
tions to  the  depth  of  30  meters  will  be  made  through  sandy 
loam.  At  Wennbuettel  (32  km.)  the  valley  of  the  Giesel  River 
will  be  reached.  Here  the  canal  turns  a  northeasterly  direc- 
tion to  the  East,  following  the  Giesel  River  for  about  10  km. 
to  a  place  called  Oldenbuettel,  where  a  cut  of  about  4  km. 
across  the  land  will  connect  it  with  the  lower  Eider  at  Witten- 
bargen.  This  River  Eider,  and  particularly  the  upper  Eider, 
with  the  lakes  formed  by  it,  and  the  surface  of  which  is  con 
siderably  higher  than  the  mean  level  of  the  sea,  will  play  an 
important  part  in  the  projected  Nord-Ostsee-Kanal.  It  will 
be  followed  from  Wittembargen  to  Bendsburg,  a  distance  of 
20  km.;  thence  the  lakes  formed  by  the  upper  Eider  (10  km,) 
will  be  used  to  Steinrade,  whence  a  cut  of  7  km.  will  be  made 
to  Koenigsfoerde.  and  thence  to  the  lake  of  Flemhude,  which 
will  be  crossed  near  it  northern  end  (86  km.  from  the  starting 
point).  The  remainder  of  the  Nord-Ostsee-Kanal  will  be  an 
enlargement  of  the  present  small  Eider-Kanal  with  short  cuts 
near  the  town  of  Knoop  (95  km.). 

Near  Holtenau,  at  the  terminus  of  the  present  Eider-Kanal 
(built  by  King  Christian  VII  of  Denmark  in  1785),  the  port  of 
Kiel  on  the  East  or  Baltic  Sea  will  be  reached. 

The  total  length  of  the  canal  from  Kiel  to  the  Elbe  will  be 
99  km.  (61.5  miles).  It  is  to  have  a  uniform  width  of  60  meters 
(196.9  ft.)  on  top  and  26  meters  (85.3  ft.)  at  the  bottom,  and  the 
depth  of  water  will  be  S.5  meters  (27.9  ft.).  The  German 
Government  is  building  it,  largely  for  strategical  reasons. 

Compressed  Air  Power. — Satisfactory  progress  is  being 
made  with  the  construction  of  the  central  station  of  the  Bir- 
mingham Compressed  Air  Power  Company,  and  in  the  course 
of  the  next  two  or  three  months  operations  will  have  been  so 
far  advanced  that  consumers  will  be  supplied  with  the  new 
motive-power  to  the  extent  of  6,000  I.  H.  P.  Already  appli- 
cations for  3,5001.  H.  P.  have  been  received.  As  the  area  for 
supplying  compressed  air  is  limited  under  Act  of  Parliament 
to  about  ij^  square  miles,  the  operations  of  the  company  will 
at  first  be  confined,  but,  on  their  enterprise  being  attended  with 
success,  steps  will  doubtless  be  taken  to  acquire  powers  or 
extending  the  area. 
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At  the  central  station  the  air  will  be  compressed  to  a  press- 
ure of  four  atmospheres  by  larRC  air-compressing  enRines.and 
will  be  conveyed  in  mains  through  the  principal  streets  of  the 
locality,  and  from  these  mains  service  pipes  are  to  be  taken  to 
the  premises  of  the  company's  customers.  The  works  will 
have  a  railway  siding  from  the  Midland  line,  from  which  coal 
will  be  tipped  direct  on  the  charging  platforms  of  31  of  Wil- 
son's S-cwts.  patent  gas  producers.  Underground  flues  will 
carry  the  gas  from  the  producers  to  the  furnaces  of  the  boilers. 
The  steam  injection  to  the  gas-producers  will  be  taken  from  a 
separate  boiler,  and  will  be  goverened  by  air  pressure,  so  that 
when  the  air  pressure  rises  the  steam  injection  will  be  reduced 
and  the  fires  under  the  boilers  lowered  throughout  the  whole 
range,  and  7ice  1  ersa. 

When  the  station  is  completed  there  will  be  15  engine-houses, 
built  in  rows,  of  strong  concrete  walls,  in  the  spaces  between 
which  will  be  placed  45  Lane's  patent  water-tube  boilers.  Each 
engine-house  will  be  constructed  to  receive  one  triple-expan- 
sion beam  air-compressing  engine  of  1,000  I.  H.  i'.,  driving 
six  single-acting  air-compressing  cylinders,  coupled  to  op- 
posite ends  of  the  beams,  and  capable  in  the  aggregate  of 
delivering  2,000  cubic  feet  of  air  per  minute  at  45  lbs.  per 
square  inch  above  atmospheric  pressure.  The  free  air  will  be 
drawn  into  the  compressors  from  the  top  of  each  engine- 
house  through  casings,  in  which  will  be  inserted  filtering 
screens  to  clear  the  air  of  solid  impurities.  When  the  full 
I5,<XK3  indicated  horse-power  is  at  work,  6,000.000  gallons  of 
water  will  be  used  daily  for  the  feed,  for  condensing,  and  for 
cooling  the  air-cylinders.  The  mains  will  vary  in  diameter 
from  7  in.  to  24  in.,  and  will  extend  about  iS  miles.  They 
will  be  placed  in  concrete  troughs,  supplied  with  removable 
covers,  as  near  as  possible  to  the  surface  of  the  road  :  and 
means  will  be  adopted  by  which,  in  the  event  of  the  bursting 
of  a  pipe,  the  general  supply  shall  not  be  interrupted.  Service 
pipes  will  be  connected  in  the  usual  manner,  and  Forster's 
patent  joints  will  be  used,  so  as  to  allow  for  expansion,  con- 
traction, and  for  any  subsidence  or  other  disturbance.  Con- 
sumers will  have  the  air  supplied  through  meters  of  the  charac- 
ter of  Beale's  gas-exhauster,  corrected  in  the  readings  accord- 
ing to  the  varying  pressure. — Corycspondence  of  the  Kii^'iiieer. 

A  New  Telephone. — I  was  invited  to  be  present  today  at 
some  telephone  experiments  between  Paris  and  Brussels  with 
a  new  apparatus  known  as  the  "  micro-telephone  push-but- 
ton." 'These  experiments,  which  were  made  on  behalf  of  the 
two  telegraphic  administrative  departments  of  France  and 
Belgium,  produced  a  very  lively  impression  on  those  present, 
and  I  believe  the  new  apparatus  to  be  the  most  perfect  yet 
produced. 

As  its  name  indicates,  it  has  the  form  of  an  ordinary  elec- 
tric push-button.  When  the  button  has  been  pushed  in,  and 
has  made  a  sound  at  the  other  extremity,  it  is  taken  out,  and 
is  found  to  be  attached  to  a  long  electric  wire  There  is  thus 
exposed  the  telephonic  plate,  which  is  extremely  sensitive,  so 
that  where  it  is  necessary  to  speak  at  short  distances  it  is  not 
necessary  to  come  close  to  the  instrument.  For  communi- 
cations in  the  same  street,  or  the  same  house,  the  operator 
places  the  upper  part  near  himself,  and  without  changing  his 
position  he  can  speak  with  the  correspondent  at  the  opposite 
extremity.  He  is  not  obliged  to  put  his  ear  to  the  part  which 
contains  the  button  and  brings  back  the  reply.  Thus,  for 
short  distances,  those  who  make  use  of  this  apparatus  speak 
in  their  ordinary  tone,  without  changing  their  customary  at- 
titudes. They  may  sit  or  walk  about,  and  speak  just  as  if 
those  they  were  addressing  were  present.  When  great  dis- 
tances intervene,  as  in  the  experiments  performed  to-day,  in 
which  the  speakers  and  hearers  were  separated  by  200  miles, 
it  is  necessary  to  come  nearer  to  the  apparatus,  but  without 
being  obliged  to  speak  quite  close  to  it. 

Rut  what  makes  this  apparatus  the  most  successful  of  tele- 
phonic instruments  is,  that  it  can  be  made  for  60 cents,  that  is 
to  say,  for  not  more  than  the  price  of  the  ordinary  push-but- 
ton. Now.  as  it  can  be  fitted  to  the  electric  wire  of  the  ordin- 
ary ringing  apparatus,  it  follows  that  it  introduces  a  complete 
change  in  our  ordinary  modes  of  intercourse.  .At  front  doors, 
in  the  interior  rooms  of  houses,  everywhere  in  short,  where 
the  ordinary  electric  buttons  are  used,  the  telephonic  buttons 
may  be  introduced.  It  will  by  this  means  be  possible  to  give 
or  receive  instructions,  to  know  who  is  knocking  at  the  door, 
to  communicate  in  short,  by  speaking  as  well  as  by  ringing. 
On  the  advantage  of  this  in  every-day  life  it  is  unnecessary  to 
dwell.  The  railway  companies  are  making  experiments  with 
this  apparatus  as  a  means  of  communication  between  com- 
partments of  carriages.  It  is  being  fitted  up  on  trial  in  hotels. 
1  have  seen  it  at  work  at  the  door  of  a  private  house,  where  I 
was  replied  to  by  those  within  without  their  having  stirred 
from  their  places,  and    without  the  door   being  opened.      Be- 


tween Paris  and  Brussels  this  instrument,  costing  (10  cents, 
worked  with  admirable  precision,  and  it  was  not  altogether 
without  an  eerie  feeling  that  I  listened  to  a  voice  with  a  slight 
Belgian  accent  coming  to  me  from  a  distance  of  more  than 
200  miles. 

The  inventor  is  Dr.  Cornelius  Herz,  one  day  nominated 
Grand  Oflicer  of  the  Legion  of  1  lonor,  next  day  described  as 
an  emissary  of  Germany,  and  lastly  as  the  friend,  adviser  and 
confidant  of  Gen.  Boulanger.  He  is  in  reality  an  electrician, 
whose  inventive  talent  has  been  stimulated  by  his  residence  in 
America,  where  there  is  a  boundless  demand  for  improve- 
ments in  electrical  apparatus  and  in  all  mechanical  contri- 
vances. The  French  Minister  of  Posts  and  Telegraphs,  under 
whose  auspices  the  experiments  were  carried  out  to-day,  has 
apjiroved  the  report  made  to  him,  and  proposes  to  give  orders 
for  the  introduction  of  the  new  apparatus  into  all  the  public 
administrative  departments  as  soon  as  it  comes  into  use,  for 
as  yet  it  has  only  been  an  experiment. — London  Times,  Parir 
Correspondence. 

Chicago,  Burlington  &  Quincy  Master  Mechanics'  As- 
sociation.— The  division  master  mechanics  of  the  Chicago, 
Burlington  &  (Juincy  and  its  controlled  lines,  have  an  asso- 
ciation which  holds  periodical  meetings  for  the  discussions  of 
questions  of  interest  to  them  either  generally  or  in  their  special 
relations  to  the  road.  .As  a  specimen  of  their  work,  we  give 
the  following,  which  were  among  the  questions  submitted  at 
the  sixth  meeting  : 

602.  Should  we  use  check-chains  on  tank  trucks  and  pas- 
senger cars  ? 

603.  Is  there  uniformity  of  standards  in  tools,  oil  cans,  etc., 
furnished  engines  ;  and  if  not  now  practiced,  should  not  the 
number  of  engine  and  initial  of  road  be  branded  on  tools  as 
far  as  practicable  ? 

604.  Is  it  desirable  that  the  recess  now  cast  in  rocker  boxes 
be  left  out,  giving  the  rocker-arm  the  benefit  of  the  full  bear- 
ing? The  rocker  box  is  12  in.  long  over  all,  with  a  recess  in 
the  center.  It  is  claimed  that  it  would  cost  no  more  to  bore  it 
out  with  this  recess  left  out,  and  would  wear  without  lost  mo- 
tion much  longer. 

605.  It  is  recommended  that  coach  draft  timbers  be  made 
out  of  lumber  i]-',  X  4  in.  and  16  ft.  long,  instead  of  13;^  X  4 
in.  and  16  ft.  long,  and  to  put  the  upper  6-in.  piece  on  with 
bolts  and  cast-iron  keys.  The  argument  is  that  it  would  be 
equally  as  strong  and  cost  much  less  money. 

606.  What  is  the  best  arrangement  for  fastening  front  doors 
in  extension-front  engines  '' 

607.  What  is  the  difference  in  cost  of  maintenance  of  bal- 
anced as  compared  with  plain  D  valves  ' 

60S.  It  is  recommended  that  the  brake  bracket  and  casting 
for  flat  and  coal  cars  be  secured  to  the  end-sill  by  a  different 
fastening.  They  are  now  held  by  one  end  of  the  truss-rod  of 
the  car,  and,  it  is  claimed,  the  strain  of  the  load  on  the  rod  has 
a  tendency  to  pull  the  brake  staff  out  of  plumb,  hence  the 
bracket  should  be  secured  independent  of  the  truss-rod. 

60Q.  It  is  recommended  that  a  change  should  be  made  in 
the  brake  shoe  on  the  M.  C.  B.  trucks  where  the  brake  is  hung 
to  the  truck  on  th»  inside,  so  the  car  repairers  can  get  the  split 
key  in  more  readily.  It  is  claimed  that  with  the  present  con- 
struction about  half  of  these  keys  are  put  in  from  the  bottom, 
and  a  poor  job  is  the  result. 

610.  The  use  of  studs  is  recommended  in  place  of  T-bolts 
in  fastening  steam  pipes  to  the  saddle  on  class  A  engines.  It 
is  said  that  T-bolts,  when  in  use  i  or  2  years,  rust  in  and  are 
liable  to  break  the  casting  getting  them  out. 

611.  It  is  recommended  that  the  stuffing-box  and  stem  be 
left  off  boiler  checks  and  a  plain  cover  made.  It  is  said  to 
work  better  and  is  cheaper  to  make. 

612.  Would  it  not  be  better  to  make  the  link-block  separate 
from  the  side-plate  instead  of  solid  ?  It  is  considered  cheaper 
to  make  and  could  be  readily  closed  when  worn,  while  the  solid 
block  has  to  be  thrown  away. 

613.  Would  it  not  be  better  in  painting  freight  cars  to  use 
mineral  for  all  work  including  iron  work  ?  It  is  thought  a  large 
saving  would  lie  effected  and  the  iron  be  as  well  protected. 

614.  Would  it  not  be  better  in  building  and  rebuilding  stock 
cars  to  put  the  end  sills  on  like  they  are  on  flat  and  coal  c^rs  ? 
This  would  do  away  with  corner  irons  which  it  is  thought  is  a 
detriment  to  end  sills,  causing  them  to  rot  where  covered  with 
iron,  and  effect  economy  both  in  repairs  and  new  work. 

616.  It  is  recommended  that  the  location  of  class  A  engine 
water-gauge  glasses  be  raised  IJ$  in.,  which,  when  the  water 
can  barely  be  seen  in  the  glass,  will  leave  3  in.  of  water  on  the 
crown-sheet,  water  in  the  lowest  gauge-cock  indicating  4  in.; 
while,  it  is  said,  our  present  location  of  gauge  glass  allows  but 
\%i  in.  of  water  on  crown-sheet  when  water  can  barely  be  seen 
in  glass  and  it  is  considered  unsafe. 
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So  much  has  been  written  about  the  use  of  torpedoes 
as  weapons  both  of  attack  and  defense  in  naval  warfare, 
and  so  much  reliance  is  placed  on  them  for  coast  defense, 
that  very  few  people  realize  the  fact  that  experience  with 
them  in  actual  service  has  been  very  small.  Since  the 
torpedo  has  been  fully  developed  there  has  been  no  great 
naval  war,  and  in  the  very  few  cases  where  they  have 
apparently  been  of  service,  it  has  been  the  fear  of  tor- 
pedoes, rather  than  the  torpedoes  themselves,  which  have 
been  effectual. 

For  this  reason  a  great  deal  of  interest  has  attached  to 
the  remarkable  series  of  e.xperiinenls  which  the  English 
Navy  has  been  making  with  torpedoes  in  attacking  an 
iron-clad  vessel.  In  this  case  the  assailants  were  really 
given  every  possible  advantage ;  they  were  working 
against  an  old  ship,  not  under  steam,  not  manned  while 
the  attack  lasted,  and  placed  there  simply  for  the  purpose 
of  being  destroyed.  And  yet,  with  all  these  advantages, 
they  failed  to  make  any  impression ;  and  finally  only 
destroyed  the  vessel  by  carefully  and  deliberately  fasten- 
ing a  torpedo  under  the  bottom  of  the  ship  and  then 
exploding  it— a  proceeding  which  would,  of  course,  be 
impossible  in  warfare. 

The  indication  of  these  experiments  is  that  something 
more  effective  than  has  yet  been  devised  will  be  needed 
to  attack  a  war-vessel  provided  with  the  proper  means  of 
defense  ;  and  those  means  are  neither  very  elaborate  nor 
very  hard  to  handle. 

An  article  which  will  be  read  with  interest,  on  another 
page  gives  an  account  of  English  experience  with  under- 
ground telegraph  wires,  written  by  an  engineer  who  has 
had  an  extended  experience  in  that  direction.  His  testi- 
mony is,  that  the  simplest  means  used  there  have  been 
found  the  best  in  almost  every  respect,  and  the  problem 
of  burying  the  wires,  which  has  been  made  to  appear  so 
difficult  in  New  York,  is  really  a  comparatively  easy  one. 
In  London,  nearly  all  the  over-head  wires  of  the  telegraph 


ii;ivL-  been  dispensed  with  as  a  matter  of  convenience,  and 
new  subways  are  put  down  with  very  little  more  labor 
than  is  required  to  lay  an  ordinary  drain  or  small  sewer. 
.\[id  in  London  the  conditions  are  quite  as  unfavorable 
for  such  work  as  in  New  York. 

The  statistics  of  track-laying  collected  by  the  Chicago 
Railway  Age  show  that  in  the  first  half  of  1887  there  were 
3.754  miles  of  new  road  added  to  the  railroad  system  of  the 
United  States.  By  far  the  greater  part  of  this  new  mile- 
age is  in  the  far  West  and  the  .Southwest,  Kansas,  Texas, 
Nebraska,  Dakota,  California  and  the  Indian  Territory 
leading  in  the  list.  The  Eastern  States  show  only  a  very 
small  mileage. 

Much  of  the  new  Western  mileage  is  to  developand  serve 
new  country,  but  a  large  part  of  it  is  in  the  nature  of 
parallel  road,  intended  to  divide  business  and  add  to  the 
territory  of  rival  systems.  The  increasing  tendency  to 
this  sort  of  work  is  to  be  regretted. 

The  Age  estimates  that  the  total  track-laying  for  the 
year  will  not  be  less  than  10,000  miles.  Considering  the 
number  o'f  long  lines  in  progress,  and  the  fact  that  work 
began  late,  this  seems  to  be  a  very  conservative  estimate. 

At  the  closing  exercises  of  the  Baltimore  &  Ohio  Rail- 
road Technological  School,  Professor  Johnson  said  : 

Theory  is  simply  law  deduced  from  a  number  of  practical 
experiments  applied  to  a  new  case.  In  illustration,  the  best 
form  for  side-rods  of  locomotives  might  be  determined  practi- 
cally or  theoretically.  By  the  first  means  one  form  of  rod 
would  be  used,  when  it  broke  another  form  would  be  tried,  and 
so  on  until  after  perhaps  many  costly  accidents  the  proper  form 
might  be  found,  which  on  the  other  hand  might  have  been  pre- 
viously calculated. 

There  are  probably  a  number  of  locomotive  superin- 
tendents who  would  be  very  nmch  obliged  to  Professor 
Johnson  if  he  would  explain  how,  by  calculation,  they 
can  know  whether  their  coupling  rods  are  strong  enough- 

The  old  idea  of  utilizing  the  great  water-power  of  the 
Niagara  River  is  revived  in  a  new  form  at  Buffalo,  where 
it  is  proposed  to  raise  by  subscription  §100.000,  to  be 
offered  as  a  reward  for  the  best  plans  for  using  the  water- 
power,  and  for  transmitting  the  power  to  Buffalo  for  use 
in  the  factories  of  that  city. 

If  the  money  be  secured— and  it  seems  probable  that  it 
will  be  -  there  will  be  no  lack  of  plans  offered  to  secure 
the  reward,  and  the  persons  who  are  to  make  the  decision 
will  have  no  easy  task.  A  much  better  way  to  apply  the 
money  would  be  to  employ  one  or  two  competent  en- 
gineers of  good  standing  to  prepare  plans  and  estimates- 
for  the  work. 

The  London  Engineer,  speaking  of  the  proposed  Rus- 
sian oil-pipe  line  from  Baku  to  a  port  on  the  Black  Sea 
calls  it  "  a  novel  engineering  work,"  and  says  :  "  It  is  yet 
an  engineering  question  to  be  solved  whether  the  trans- 
mission through  the  great  length  of  pipe  designed  can  be 
accomplished  in  a  practically  commercial  manner." 

Apparently  the  Engineer  has  never  heard  of  the  use  of 
pipe  lines  in  this  country  for  transporting  oil,  or,  at  any 
rate,  does  not  know  how  extensive  tlie  pipe  system  here 
is,  or  to  what  an  extent  it  has  taken  the  oil  business  away 
from  the  railroads.  This  ignorance  of  foreign  practice  is 
truly  British,  however,  and  highly  characteristic. 
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Few  persons  except  those  directly  interested  realize  the 
extent  and  value  of  the  Lake  Superior  commerce,  and  the 
number  and  size  of  the  vessels  engaged  m  il.  During  the 
navigation  season  of  1886  the  total  tonnage  passed  through 
the  Sault  3te.  Marie  Canal,  which  is  the  connecting  linlc 
between  Lakes  Superior  and  Huron,  was  4,528,000.  only 
about  one-fifth  less  than  the  tonnage  of  the  Suez  Canal. 
New  locks  were  provided  in  18S2  to  accommodate  the 
growing  traffic,  but  their  capacity  is  already  fully  ta.\ed, 
and  further  enlargement  is  needed.  Work  has  been  begun 
on  a  new  lock,  but  it  will  lake  several  years  to  build  it. 

A  convention  of  delegates  interested  in  lake  commerce 
was  recently  held  to  advocate  further  improvements,  in- 
cluding the  hastening  of  work  on  the  new  locks  and  the 
deepening  of  the  channel  of  the  St.  Mary's  River  below  the 
falls  and  the  entrance  to  the  canal.  This  last  improve- 
ment is  rendered  necessary  by  the  increased  size  of  the 
vessels  used  in  the  lake  trade.  Congress  last  winter  made 
the  first  appropriations  both  for  the  lock  and  channel,  and 
the  object  of  the  convention  was  to  secure  the  appro- 
priation of  the  whole  amount  required  as  soon  as  poss- 
ible, in  order  that  there  may  be  no  delay  in  the  work. 

Shipbuilding  is  unusually  active  m  the  yards  around 
the  lakes,  as  might  be  expected  after  two  seasons  in 
which  lake  vessels  have  been  very  profitable  to  their 
owners.  At  Cleveland,  Bay  City,  Detroit  and  Buffalo 
there  are  a  number  of  large  vessels  building,  and  new 
contracts  are  heard  of  everywhere. 

Several  causes  have  combined  to  bring  about  the  pros- 
perity which  followed  a  long  period  of  depression,  and 
which  has  resulted  in  the  present  activity  in  building. 
The  maintenance  of  rates  by  the  railroad  lines  at  a  higher 
point  than  had  prevailed  for  several  years  had  a  consider- 
able effect;  the  growth  of  grain  shipments  from  Duluth, 
due  to  the  increased  settlement  and  cultivation  of  the 
country  tributary  to  that  port,  and  the  enormous  increase 
in  the  Lake  Superior  iron  ore  shipments  also  contributed. 
The  result  was  that,  instead  of  a  competition  for  business 
so  sharp  that  it  was  impossible  to  keep  rates  on  a  paying 
basis,  there  was  a  demand  for  vessels  which  could  not  be 
filled  fast  enough. 

Of  course,  there  is  a  possibility  that  the  building  of  new- 
vessels  may  be  overdone,  and  that  the  result  may  be  such 
a  surplus  of  tonnage  as  has  existed  on  the  ocean  for 
several  years  past,  as  shipowners  know.  At  present,  how- 
ever, that  point  does  not  seem  to  have  been  reached,  and 
there  is,  apparently,  room  for  all  the  new  vessels. 

Within  a  few  years  there  has  been  a  great  change  in 
the  character  of  vessels  used  on  the  great  lakes.  The 
wooden  sailing  vessels  which  formerly  did  nearly  all  the 
business  have  been  gradually  supplanted  by  iron  steamers 
and  barges  with  great  capacity  for  freight.  The  steamer 
is  the  more  costly  vessel  to  build  and  run,  it  is  true,  but 
the  difference  is  more  than  made  up  by  its  greater  carry- 
ing capacity,  its  greater  speed,  the  certainty  and  regularity 
with  which  its  trips  can  be  made,  and  its  ability  to  dispense 
with  the  costly  services  of  steam-tugs  at  various  points. 

The  use  of  the  triple-expansion  engine  and  high  steam 
pressure  have  greatly  helped  the  change  by  reducing  the 
weight  of.  and  the  space  required  for,  the  engines,  boilers 
and  supply  of  fuel.  The  modern  engine  not  only  requires 
less  fuel  for  the  same  power,  but  it  takes  less  room  and 
leaves  more  to  be  occupied  by  paying  freight. 


The  change  in  the  lake  marine  has  been  very  similar  to 
that  which  has  been  going  on  on  the  ocean,  and  from 
very  nearly  the  same  causes. 

The  Paris  Metropolitan  Railroad  will  not  be  built  this 
year,  the  Chamber  of  Deputies  having  failed  to  pass  the 
law  authorizing  its  construction,  although  the  plans  had 
been  completed  and  every  thing  was  in  readiness.  The 
law  was  defeated,  we  are  told,  by  the  jealousy  of  the 
country  members,  and  their  reluctance  to  appropriate 
money  for  the  benefit  of  the  capital,  although  the  Parisian 
deputies  were  all  in  favor  of  it— which  reads  somewhat 
like  an  extract  from  New  York  legislative  proceedings. 

Car-heating  in  Massachusetts  has  been  placed  under 
the  control  of  the  Railroad  Commission  by  a  law  which 
forbids  the  use  of  any  pattern  of  heater  which  has  not 
been  approved  by  the  Commissioners.  In  this  case  the 
Legislature  has  acted  wisely,  for  the  past  history  of  the 
Commission  is  a  guarantee  that  the  discretion  which  the 
law  allows  it  will  be  exercised  with  care  and  discrimina- 
tion. 

Some  trouble  has  been  caused  on  ihc- Atlanta,  it  is 
said,  by  the  defects  in  the  carriages  on  which  the  heavy 
guns  are  mounted.  No  particulars  have  been  made  pub- 
lic, but  it  would  seem  that  the  provision  made  for  taking 
up  the  recoil  is  not  sufficient,  and  that  the  reaction  on  the 
ship  itself  has  been  too  great.  A  Board  of  Officers  is  to 
consider  what  should  be  done  to  remedy  these  defects. 
The  Atlanta  is  the  first  of  the  new  cruisers  to  go  into 
commission,  and  it  is  to  be  regretted  that  there  should  be 
trouble  at  the  start ;  probably  the  matter  can  be  remedied 
without  serious  difficulty. 

OIL    FOR    FUEL. 

"T^HE  use  of  oil  as  fuel  has  been  very  attractive  to  a 
-*■  class  of  inventors  who  shun  exact  scientific  knowl- 
edge, apparently  for  fear  that  it  may  prejudice  their 
minds  and  disincline  them  from  entertaining  some  of  the 
brilliant  ideas  which  they  are  pleased  to  contribute  for 
the  advancement  of  mankind.  Other  persons,  who  are 
not  inventors,  olten  ask  the  question  why  petroleum  can 
not  be  used  successfully  as  fuel,  especially  for  locomo- 
tives, it  has  not  been  easy  to  satisfy  these  two  classes 
of  people  that,  ordinarily,  you  can  buy  more  heat  for  a 
dollar  if  you  buy  coal  than  if  you  buy  oil.  It  is,  there- 
fore, gratifying  to  be  able  to  refer  to  reliable  experi- 
ments which  have  been  made  to  show  the  relative  econ- 
omy of  oil  and  coal  as  fuel.  Such  a  series  of  experiments 
have  recently  been  made  on  the  Pennsylvania  Railroad, 
and  they  show  very  clearly  the  conditions  under  which 
oil  may  be  used  as  fuel. 

By  way  of  explanation,  it  should  be  said  that  Mr. 
Thomas  Urquhart,  a  Scotchman  by  birth,  and  who  has 
for  some  years  been  Locomotive  Superintendent  of  the 
Grazi-Tsarilzin  Railway  in  Southeastern  Russia,  where 
there  is  little  other  fuel  excepting  oil,  and  what  there  is 
is  dear,  whereas  oil  is  plentiful  and  cheap,  has  devel- 
oped the  lirst  successful  scheme  of  using  petroleum  as 
fuel — at  least,  in  locomotives.  Last  year,  while  a  repre- 
sentative of  the  Pennsylvania  Railroad  was  in  Europe, 
he  received  instructions  to  go  to  Ru.ssia  ana  learn  all  he 
could  of   Mr.  Urquhart  s  system  of   burning  oil.     On  the 
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return  of  the  representative  who  was  sent  there,  the 
Pennsylvania  Railroad  Company  determined  to  apply  the 
Urquhart  system  to  a  locomotive.  This  has  been  done, 
and  careful  e.xpcriments  have  been  made  with  it  since. 

The  plan,  as  applied  here,  is  shown  by  ligs.  i  and  2. 
Fig.  I  is  a  longitudinal  section  of  the  fire-box  of  the  loco- 
motive .\s  shown  in  the  engraving,  a  fire-brick  wall,  H-', 
is  built  up  at  the  front  end  of  the  fire-bo.x,  with  sides,  5, 
and  an  arch,  /i:,  on  top.  The  arrangement  of  the  ash-pan 
is  shown  clearly  in  the  engraving.  The  oil  is  fed  into  the 
fire-box  by  naeans  of  a  form  of  injector  shown  at  A,  in  fig. 
i.    The  one  used  in  the  Pennsylvania  experiment  is  a 


The  oil  is  thus  converted  into  a  finely  divided  spray, 
which  is  mixed  with  the  air  that  enters  aXg ,^. 

The  object  of  the  fire-brick  is  to  receive  the  particles 
of  oil  that  are  not  consumed  when  they  are  first  injected 
into  the  fire-box.  The  shape  of  the  fire-brick  structure 
is  that  of  a  bonnet,  with  its  opening  turned  toward  the 
injector.  It  thus  acts  as  a  combustion  chamber,  which 
becomes  heated  to  a  very  high  temperature,  and  radiates 
heat  to  all  parts  of  the  fire-box,  and  also  re-ignites  the 
oil  after  it  has  been  shut  off. 

In  applying  this  apparatus  to  an  American  locomotive, 
considerable  modification  was  required  to  adapt  it  for 


Fig.  I. 


modification  of  that  shown  in  section,  on  an  enlarged 
«cale,  in  fig.  2,  which  is  copied  from  the  drawing  of  that 
used  by  Mr.  Urquhart.  It  consists  of  a  central  tube,  T, 
to  which  steam  is  admitted  by  a  pipe,  shown  by  dotted 
lines  at  B.  The  steam  enters  the  annular  recess  c  c,  and 
from  it,  through  the  holes  ti  d  passes  into  the  tube  T. 
Oil  is  supplied  through  the  pipe  A.  When  the  tube  T, 
is  withdrawn,  by  the  mechanism  shown,  it  leaves  an 
annular  space  around  it  at  e  e,  through  which  the  oil  is 
drawn  by  the  action  of  the  current  of  steam  in  T. 

The  nozzle  H  of  the  injector  or  burner  is  inserted 
into  a  hollow  stay-bolt,  jif,  in  the  back  end  of  the  fire-box. 
At^^  there  is  an  annular  opening  around  the  nozzle  of 
the  injector.  The  current  of  steam  and  oil  which  escapes 
at // draws  in  a  supply  of  air  through  the  opening_i,^^^ 


use  here.  The  difficulties  which  were  encountered  have 
apparently  all  been  overcome,  and  the  engine  to  which  it 
has  been  applied  has  now  been  in  successful  use  for  some 
time. 

Of  its  working,  it  may  be  said  that  its  fuel  is  smokeless 
and  cinderless.  The  firing  consists  simply  in  the  manipu- 
lation of  a  hand  wheel,  which  regulates  the  supply  of  oil. 

On  the  Grazi-Tsaritzin  Railway,  there  are  now  143 
locomotives  burning  petroleum  with  the  apparatus  de- 
scribed. This  fact  and  the  experiments  on  the  Pennsyl- 
vania Railroad  show  that  the  practical  difficulties  of 
burning  petroleum  have  been  overcome.  The  only 
question  which  remains  is  that  of  the  relative  economy  of 
oil  and  coal. 

Carefully  made  experiments  and  the  chemical  compo- 
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sition  of  both  coal  and  oil  show  that  the  heat-producing 
power  of  a  pound  of  petroleum  is  equal  to  that  of  i^ 
pounds  of  coal.  If  the  saving  due  to  the  cost  of  handling 
fuel  and  ashes,  and  the  diminished  repairs  to  the  fire- 
boxes of  locomotives,  is  taken  into  account,  it  is  found 
that  one  pound  of  oil  is  equal  in  value  to  two  powuis  of 
coal.  A  gallon  of  oil  weighs  7.3  pounds,  and  a  barrel 
contains  42  gallons.  From  these  data  it  is  easy  to  calcu- 
late the  prices  at  which  coal  and  oil  are  equally  cheap. 


died.  This  was  an  abscess  in  the  region  of  the  spine. 
In  1836,  he  entered  the  Baldwin  Works  as  an  apprentice 
in  the  pattern  shop.  After  serving  his  time,  he  worked 
as  a  journeyman  for  some  years,  and  then  went  into  the 
drawing  room.  In  1854,  he  was  appointed  Superintendent 
of  the  works,  and  he  at  once  began  to  organize  the  system 
of  doing  work  which  has  made  this  establishment  famous- 
the  world  over.  He  remained  in  the  ser\'ice  of  this  com- 
pany   until    his   death,  and   he,  more  than   anyone  else,- 


Fig.  2. 

{Dimensions  in   Mi/limflers.) 


The  following  table  has  been  calculated  in  this  way  : 


of  Coal  per  Ton. 

Price  of  Oil  per  Bbl. 
Cheap  as  Coa 

to  be  as 
1. 

$2.50 

68}^  cts. 

2.75 

75  'i  cts. 

3.00 

82  J^  cts. 

3-25 

89!^  cts. 

3-50 

06  !4  cts. 

3.75 

$1,035^ 

4.00 

4-25 

1.171^ 

4.50 

1.24  >^ 

4.75 

1.31 

5.00 

1.38 

This  showing  does  not  look  very  promising  for  the 
general  use  of  petroleum  for  fuel  in  this  country,  as  any 
considerable  demand  from  this  source  would  undoubtedly 
put  the  price  up,  unless  the  production  is  largely  increased 
over  what  it  is  now. 


Charles   T.   Parry. 

Mr.  Parry,  whose  death  occurred  at  Beach  Haven, 
New  Jersey,  on  July  18,  was  the  ne.\t  to  the  oldest  mem- 
ber of  the  firm  of  Burnham,  Parry,  Williams  &  Co..  the 
proprietors  of  the  Baldwin  Locomotive  Works.  He  was 
born  in  the  City  of  Philadelphia,  on  September  15,  1821, 
and  was  therefore  nearly  66  years  old  at  the  time  of  his 
death.  He  was  taken  sick  last  November,  and  since  then 
has  been  a  great  sufferer  from  the  disease  from  which  he 


created  the  mechanical  reputation  of  this,  the  largest 
locomotive  works  in  this  country. 

In  1867,  he  and  Mr.  Burnham  bought  Mr.  Baldwin's 
interest  and  became  partners  in  the  firm  of  M.  Baird  & 
Co.  Afterward,  they  bought  Mr.  Baird's  interest,  and  the 
firm  was  then  reorganized  under  its  present  name. 

Mr.  Parry  had  charge  of  the  shops,  and  superintended 
the  manufacture  of  locomotives.  He  took  little  part  in 
the  purely  commercial  part  of  the  business,  but  left  that 
to  the  other  partners. 

He  took  a  great  interest  in  those  under  him,  and  was  a 
remarkably  good  judge  of  men.  He  had  traveled  fre- 
quently in  Europe  and  was  a  close  observer  of  what  he 
saw  there  and  elsewhere.  A  widow,  son  and  two 
daughters  survive  him.  He  shared  in  the  success  of  the 
works  with  which  he  was  connected  and  has  left  a  large 
estate. 


NEW  PUBLICATIONS. 

The  Economic  Theory  of  the  Location  of  Rail- 
ways. An  Analysis  of  the  Conditions  Controlling 
the  Layini;  out  of  Railways  to  Effect  the  most  fudi- 
ciotts  Expenditures  of  Capital :  By  Arthur  Mellen 
Wellington.  (New  York  ;  John  Wiley  &  Son  and  En- 
gineering .Wivs.  18S7). 
This  is  a  "  revised  and  enlarged  "  edition  of  the  author's 

former  book,  with  the  same  title,  published  ten  years  ago. 

The  extent  of  the  enlargement  and  revision,  is  indicated 
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by  the  fact  that  the  new  edition  contains  9S0  pages,  in- 
stead of  230  in  the  old,  although  larger  type  in  the  new 
edition  must  account  for  part  of  the  difference  in  the 
size  of  the  two  volumes. 

The  title  of  the  book  has  been  frequently  criticised. 
Evidently  it  is  not  the  theory  which  is  economic  but 
the  location,  so  that  The  Theory  of  the  Economic  Loca- 
tion of  Railways  would  have  been  better. 

The  introduction  to  the  book  is  to  some  e.xtcnt  similar 
to  that  of  the  first  edition.  The  main  idea  of  the  author 
is  that,  owing  to  a  mistaken  policy  on  the  part  of  the  rail- 
road companies,  the  location  of  railroads  is  made  second- 
ary in  importance  to  the  construction  ;  the  salaries  paid 
to  locating  engineers  are  relatively  small,  and  consequently 
the  class  of  work  done  is  of  inferior  quality,  as  all  first- 
class  engineers  get  out  of  location  as  soon  as  possible  ; 
the  majority  of  the  railroads  in  the  United  States  are  most 
uneconomically  located,  and  that  the  engineers  of  the 
present  day  are  more  given  to  copying  the  errors  of  the 
earlier  engineers  than  to  exercising  habits  of  close  obser- 
vation, etc.;  and  that  too  much  prominence  is  given  by 
engineers,  and  by  those  who  teach  them  to  the  petty 
details  of  how  to  build  the  separate  structures  which  make 
a  railroad,  to  the  neglect  of  the  larger  questions  of  where 
and  when  to  build  or  whether  to  build  at  all. 

Part  1.  Chapter  I. — "  Inception  of  Railway  Projects." 
The  author  here  lays  down  the  following  rule,  which  is 
his  guide  through  the  whole  book. 

"That  e.xcepting  when  and  as  specific  reasons  to  the 
contrary  appear,  the  cheapest  line  is  to  be  built  over  which 
it  is  physically  possible  to  carry  the  probable  traffic  with 
proper  safety  and  speed,  using  to  this  end  any  grades  and 
curves  and  length  of  line,  which  may  be  most  conducive  to 
this  end  only — and  never  abandoning  it  by  increasing  the 
expenditure,  unless  the  investment — not  the  investment 
as  a  whole,  for  the  line  as  a  whole,  but  each  particular 
investment  for  each  particular  purpose  at  each  particular 
point— will  be  in  one  way  or  another  profitable  in  itself." 
It  will  be  well  for  each  reader  to  get  a  thorough  under- 
standing of  this  rule— if  he  can — not  only  that  he  may 
better  understand  the  book,  but  in  order  that  he  may 
apply  the  rule  to  his  work. 

The  question  of  probable  future  profit  and  loss  is  there 
fully  discussed. 

Chapter  II. — "The  modern  railway  corporation,  what 
it  is,  how  organized  and  managed,  both  as  to  its  finan- 
cial and  commercial  standing,"  is  explained. 

Chapter  III. — "  Causes  Modifying  the  Volume  of  reve- 
nue." 

This  is  devoted  principally  to  the  effect  upon  traffic 
that  the  station  facilities  have. 

The  distance  of  the  station  from  the  business  center  of 
towns.  It  is  well  shown  with  what  ease  the  future  of  a 
railroad  company  may  be  ruined  by  a  false  economy,  in 
placing  the  station  at  some  distance  from  the  business 
center,  and  how  vastly  this  danger  is  increased,  where 
competitive  lines  are  possible  as  they  are  in  most  cases. 
Many  examples  are  given  of  the  large  sums  of  money 
which  have  been  economically  spent  in  effecting  conven- 
ient station  facilities  for  both  the  shipper  and  railroad 
company,  by  the  leading  roads  in  our  large  cities. 

Chapter  IV  is  devoted  to  the  probable  amount  of 
future  traffic,  and  contains  some  most  instructive  tables 
as  to  the  growth  of  railway  business  in  the  past  in  differ- 
ent countries. 


Chapter  V.—"  Operating  Expenses."  The  operating 
expenses  are  carefully  separated  from  the  other  expenses. 
and  then  examined  with  great  care  and  detail.  Valuable 
tables  are  given  of  the  actual  expenses  of  different  rail- 
ways. The  basis  of  all  the  calculations  is  the  Train  .\/ile. 
The  operating  expenses  are  assumed  to  be  per  train  mile, 
which  is  very  near  the  actual  fact,  and  then  upon  this 
basis  we  have  Table  80,  page  179,  which  gives  the  actual 
expense  on  the  per  cent,  of  each  item  of  the  operating  ex- 
penses. 

Part  II.  Chapter  VI. — "The  Relative  Importance  of 
[  Minor  Details  of  Alignment."  Making  clear  the  dis- 
tinction between  the  minor  details  and  those  of  more 
,  importance.  These  minor  details  are  divided  into  dis- 
j  tance,  curvature  and  rise  and  fall,  and  the  changes  to  be 
considered  are  not  enough  to  affect  the  train  load,  but 
simply  affect  the  cost  of  hauling  it. 

Chapter  VII. — "Distance."  The  principal  idea  is  that 
j  an  increase  of  distance  has  a  credit  side  as  well  as  a  debit 
side. 

The  increase  of  expense  may  be  very  small  and  in  many 
cases  the  revenue  increased  more  than  the  expense. 

Chapter  VIII.— "  Curvature."  Gives  the  v;  rious  ob- 
jections to  curvature,  among  them  objection  No.  8.  "  It 
impresses  the  imagination  of  travelers  with  danger  even 
if  none  exists,  and  thus  affects  travel  unfavorably." 

The  other  objections  are  much  more  real.  There  are 
many  interesting  tables,  showing  the  grades  and  curva- 
j  ture  on  many  of  the  railroads  in  the  United  States,  which 
are  followed  by  quite  an  exhaustive  treatise  upon  the 
mechanics  of  curve  resistance.  In  this  is  shown  and 
fully  explained  the  actual  position  that  the  four  wheels 
of  a  truck  assume,  relative  to  the  track  in  passing  round 
a  curve.  This  position  of  the  wheels,  as  shown  by  the 
author,  being  entirely  different  from  what  has  been  in  the 
past  considered  the  correct  position,  and  the  proofs  of  its 
correctness  being  the  results  of  original  experiments  by 
the  author,  adds  to  the  interest  of  this  point. 

The  effect  of  curvature  on  expenses  is  taken  up  in 
every  detail. 

Chapter  IX. — "  Rise  and  Fall."  After  making  clear  the 
distinction  between  rise  and  fall  as  here  considered  and 
the  ruling  grade,  the  author  plunges  at  once  into  the 
"  Effect  of  Velocity,"  as  to  the  difference  between  the 
virtual  profile  and  the  actual  profile,  and  he  certainly  has 
acquired  enough  personal  velocity  to  carry  him  over  the 
difficulties  of  the  subject,  and  as  this  is  a  subject  upon 
which  very  little  has  been  written,  and  the  great  value  of 
which  very  few  engineers  appreciate,  it  will  well  repay  the 
most  careful  study. 

Part  III.  Chapter  X. — Explains  clearly  the  relative 
importance  of  minor  and  ruling  grades. 

Chapters  XI  and  XII  are  devoted  to  the  locomotive 
engine  and  rolling  stock.  The  great  value  of  these 
chapters  is  not  so  much  perhaps  in  the  text  as  in  the 
numerous  and  valuable  tables  of  reference,  which  cannot 
be  found  in  any  other  one  book. 

Both  subjects,  however,  are  presented  in  a  more  elabor- 
ate manner,  than  in  any  existing  work  on  railway  location. 

Chapters  XIII,  XIV  and  XV  treat  respectively  of 
train  resistance,  the  effect  of  grades  upon  train  loads,  and 
train  loads  upon  operating  expenses. 

All  these  subjects  are  taken  up  in  much  detail. 

Chapter  XVI. — "  Assistant  Engines."  This  subject 
is  handled  in  a  masterly  manner,  and.  together  with  the 
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chapter  of  the  "  EflEect  of  Velocity  and  Momentum 
on  Grades,"  presents  more  original  ideas  than  any  other 
part  of  the  book. 

They  are  subjects  of  which  the  generality  of  engineers 
know  very  little  and  give  very  little  thought,  and  a 
thorough  study  of  these  chapters  will  undoubtedly  do 
more  to  modify  future  grade  lines  and  lessen  operating 
expenses  than  all  the  other  chapters  of  this  book. 

Chapter  XVII.—"  The  Balance  of  Grades  for  Unequal 
Traffic"  presents  very  little  that  is  new  except  some 
tables. 

Chapters  XVIII  and  XIX  are  devoted  to  "Limiting 
Curvature  "  and  the  "Effects  of  Sharp  Curvature." 

Chapter  XX,  to  the  "  Projection  of  Low  Grades  and 
Pusher  Grades  "  and  the  "  Reduction  of  the  rate  and  cost 
of  High  Grades."  In  the  case  of  the  example  of  the  re- 
duction of  the  rate  of  high  grades,  of  the  location  of  the 
Pacific  Branch  of  the  Mexican  Central  Railway  from 
Lepic  to  San  Bias,  there  was  a  second  location  made 
through  the  Barranca  Blanca  theyear  following  the  loca- 
tion made  by  the  author,  the  plan  of  which  is  given  on 
pages  676  and  677.  The  last  location  left  Lepic,  and,  follow- 
ing the  general  line  of  the  highway  to  Fortuna  and  from 
there  to  near  the  south  end  of  the  Barranca,  it  entered  the 
Barranca  with  a  small  cut,  crossed  it  on  a  pile  of  moderate 
height,  turned  to  the  north,  and  following  this  side  of  the 
Barranca,  joined  the  old  line  at  the  point  where  it  (the 
old  line)  ran  out  of  the  Barranca. 

This  new  line  had  about  800  degrees  less  of  curvature 
than  the  old  line,  had  no  higher  rate  of  grade,  and  was 
about  3  kilometers  (1.8  miles)  shorter.  The  cost  of  con- 
struction on  the  whole  line  was  very  much  less,  and  it 
did  away  with  the  high  trestle  and  spirals. 

The  fourth  reason  given  for  the  first  location,  page  678, 
is  "  a  dull,  uninteresting  ride  would  have  been  substituted 
for  one  of  the  greatest  scenic  attractions.  A  chief  de- 
pendence for  the  traffic  of  the  Pacific  Branch  (and  for 
the  main  line  of  the  Mexican  Central  Railway  as  well) 
being  tourist  traffic,  and  much  of  the  remainder  of  the 
line  being  of  great  scenic  beauty,  this  alone  was  deemed 
a  decisive  consideration,"  is  directly  contradicted  by  the 
author  in  his  objections  to  curvature  number  8,  page  243  ; 
also,  the  "moral  effect"  of  the  shorter  line  is  in  its 
favor. 

The  traffic  of  the  Hacienda  de  la  Escondida,  and  that 
due  to  the  water-power  of  the  River  Lepic,  would  not,  by 
any  means,  have  been  lost,  but  would  have  come  to  the 
railway.  The  difference  in  scenic  effect  is  very  little,  as 
the  only  view  of  any  grandeur  is  obtained  just  where  the 
line  enters  the  Barranca,  and  was  as  fine  from  one  line  as 
the  other. 

Part  IV.  Chapter  XXVI.— "Trunk  Lines  and  Branches." 
This  treats  principally  of  the  increment  of  traffic  due  to 
increasing  of  the  number  of  traffic  points  reached,  and 
which  of  these  points  should  be  reached  by  the  main 
line  and  which  by  branch  lines. 

Chapter  XXII. — "Light  Rails  and  Light  Railways." 
Treats  principally  of  the  false  economy  in  buying  light 
rails.  That  the  amount  of  money  saved  in  using  light 
rails  in  the  place  of  heavy  ones  goes  a  very  little  way 
toward  construction,  while  the  loss  to  the  railroad  com- 
pany by  the  use  of  the  light  rails  is  tremendous  in  every 
way. 

That  the  true  place  to  save  money  on  a  light  railroad 
is  in  thefittmg  the  line  to  the  ground  by  the  use  of  sharp 


curves  and  steeper  grades,  and  not  by  cutting  down  the 
rail  section. 

Chapter  XXIII. — "  Economy  of  Construction."  Treats 
of  the  many  expedients  which  can  be  used  in  the  con- 
struction when  extreme  economy  is  necessary,  in  order 
that,  when  it  is  desirable  to  raise  the  road  to  first-class, 
very  little  of  the  original  cost  will  have  to  be  wasted, 
and  that  the  location  will  be  everything  that  it  should 
be. 

Chapter  XXIV.—"  Improvement  of  Old  Lines  and  the 
Virtual  Profile."  As  this  subject  is  becoming  of  more 
importance  every  day,  and  as  this  is  the  most  elaborate 
treatise  on  it. 

Chapters  XXV  and  XXVI. — "  Grade  Crossings  and  In- 
terlocking and  Terminals."  These  subjects  also  becom- 
ing daily  of  more  importance,  increase  the  value  of  the 
treatment  they  here  receive.  There  are  also  some  valu- 
able tables  concerning  some  terminals  as  they  actually 
exist. 

Part  V. — "  Conduct  of  Location."  This  commences 
with  the  art  of  reconnoissance,  which  is  justly  claimed  to 
be  by  far  the  most  important  part  of  location.  "  The  worst 
errors  of  location  generally  originate  in  the  reconnois- 
sance." With  proper  attention  to  the  rules  set  forth,  and 
close  study  in  each  particular  case,  there  should  generally 
exist  no  necessity  for  running  but  on  general  line.  This 
line,  of  course,  must  be  fitted  in  detail  to  the  ground. 

The  remainder  of  the  book  is  taken  up  with  hints  and 
rules  for  engineers  on  actual  location. 

The  subject  is  taken  up  with  so  much  detail,  that 
scarcely  a  question  can  arise  of  which  the  answer  cannot 
be  found  in  this  Part  V.  It  is  particularly  good  in  the 
instruction  given  in  regard  to  maps  and  topography. 

Appendix  A  is  a  well-written  description  of  some  ex- 
periments of  the  resistance  of  rolling  stock  conducted  by 
the  author. 

Appendix  B  is  a  description  of  a  series  of  experiments, 
and  their  results,  with  a  new  apparatus  on  journal  friction 
at  low  velocities  by  the  author. 

Appendix  C.  A  paper  on  "the  American  line  from 
Vera  Cruz  to  the  City  of  Mexico,  with  notes  on  best 
methods  of  surmounting  high  elevations  by  rail,  includ- 
ing plan  and  profile  of  the  line." 

And  last  but  not  least  is  an  elaborate  index,  by  means 
of  which  the  book,  as  a  reference,  is  vastly  increased  in 
value. 

Taking  the  book  as  a  whole,  no  book  that  has  yet  been 
written  on  the  same  subject  can  in  any  way  compare 
with  it. 

As  a  text-book,  or  a  book  for  students,  it  should  be 
used  with  great  care.  But  there  is  this  great  thing  in  its 
favor,  that  if  any  one  doubts  the  correctness  of  the  con- 
clusions and  rules,  as  stated  by  the  author,  he  has  only 
to  take  the  same  data  which  the  author  used,  and  which 
is  all  given  in  the  book,  and  work  out  his  results  to  suit 
himself. 

BOOKS   RECEIVED. 

The  Graphical  Statics  of  Mechanism  :  Bv  Pro- 
fessor Gustav  Herrmann  ;  TRANSLATED  AND  ANNO- 
TATED BY  A.  P.  Smith,  M.E.  New  York;  D.  Van  Nos- 
trand,  23  Murray  street. 

Cincinnati  Brass  Works  Catalogue:  1887.  Cin- 
cinnati, Ohio;  F.  Lunkenheimer,  Proprietor. 
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Science.  New  York;  the  Science  Company.  This 
very  excellent  and  valuable  weekly  begins  its  fifth  year 
by  adopting  a  new  form  and  reducing  its  subscription 
price  to  SS-S"  yearly.  In  its  new  form  the  page  is  about 
the  same  size  as  that  of  the  Joukn..\L.  The  quantity  of 
reading  matter  is  the  same  as  in  the  old  form,  witli  the 
smaller  page.  Our  contemporary  will,  we  hope,  secure 
the  increase  in  circulation  which  it  deserves. 

Printing  Machinery:  By  Edward  Arnott Clowes. 
London,  England  ;  published  by  the  Institution  of  Civil 
Engineers. 

The  Treatment  of  Gun  Steel  :  Bv  Colonel  Eard- 
LY  Maitland,  R.  a.  London,  England;  published  by 
the  Institution  of  Civil  Engineers. 

The  Maverick.  National  Bank.  Manual;  1887. 
Boston;  published  by  the  Maverick  National  Bank. 
This  is  a  manual  of  Government,  State  and  other  securi- 
ties, issued  for  the  use  of  investors  and  giving  much  use- 
ful information. 

Light,  Heat  and  Power.  Philadelphia,  No.  413  Wal- 
nut Street.  With  the  issue  of  July  1  this  journal  changes 
from  a  monthly  to  a  semi-monthly,  published  on  the  ist 
and  15th  of  each  month. 

The  Fracture  of  Railway  Tires  :  by  William 
Worby  Beaumont.  London,  England ;  issued  by  the 
institution  of  Civil  Engineers. 

Explorations  on  the  West  Coast  of  Florida  and 
the  Okeechobee  Wilderness:  By  Professor  .^ngelo 
Heilprin.  Philadelphia ;  published  by  the  Wagner  Free 
Institution  of  Science.  This  is  Volume  i  of  the  Trans- 
actions of  the  Wagner  Institute,  and  forms  a  valuable 
contribution  to  the  geological  and  zoological  knowledge 
of  a  region  heretofore  little  known. 

Mechanical  Defects  of  Our  Railroads  :  By 
Charles  W.  Felt.  Northboro,  Mass.  Mr.  Felt  pro- 
poses a  very  startling  change  in  our  railroad  system,  and 
engineers  will  read  his  pamphlet  with  curiosity,  if  not 
with  approval. 

The  Fishkill  Corliss  Engine.  Fishkill-on-Hudson, 
N.  Y. ;  issued  by  the  Fishkill  Landing  Machine  Company. 
This  is  a  very  neat  and  complete  catalogue  of  the 
engines,  boilers  and  machinery  made  by  the  well- 
known  shops  of  the  company  whose  name  is  on  the  title- 
page. 

The  Durham  System  of  Screw-joint  Iron  House 
Drainage.  New  York  ;  issued  by  the  Durham  House 
Drainage  Company. 


James  S.  McEntee,  an  old  civil  engineer,  died  at  his 
home  in  Rondout,  N.  Y.,  June  30,  aged  87  years.  He 
served  as  Assistant  Engineer  on  the  Erie  Canal  and  on 
the  Union  Canal  in  Pennsylvania.  Later  he  was  em- 
ployed on  railroad  work,  both  as  engineer  and  contractor, 
and  built  sections  of  the  Hudson  River  road.  He  made 
the  surveys  and  located  the  Rondout  &  Oswego  (now  the 
Ulster  &  Delaware)  road.  He  retired  from  business  some 
years  ago. 


Mr.  J.  Bruen  Miller,  who  died  at  Newton,  N.  J.,  July 
3,  aged  29  years,  was  a  young  man  of  much  promise,  and 
his  early  death  from  consumption  will  be  mourned  by 
many  friends.     He  was  a  resident  of  Newark,   N.  J.,  and 


for  a  number  of  years  had  been  engaged  in  newspaper 
work.  He  was  connected  with  the  American  Railroad 
Iournal  as  editor  for  about  three  years,  and  left  it  ia 
July.  1886.  on  account  of  ill- health. 


Captain  Samuel  P.  Griffin,  formerly  of  the  United" 
States  Navy,  died  at  Aspinwall  (Isthmus  of  Panama),  July 
4,  aged  60  years.  He  graduated  from  the  Naval  Academy 
in  1S41  and  served  through  the  Mexican  war.  In  1849' 
he  commanded  the  brig  A't-scin:  which  took  part  in  the 
.\rctic  expedition  of  that  year.  During  the  last  war  he 
served  in  Louisiana.  For  some  20  years  past  he  has  beer» 
in  the  service  of  the  Pacific  Mail  Steamship  Company. 
He  was  a  high  authority  on  navigation  and  shipbuilding, 
and  his  opinion  was  sought  for  by  many  shipowners. 


PkovANCE  McCormack.  who.  with  James  Campbell,  in 
1841  established  the  lirst  coke  oven  and  made  the  first 
coke  in  this  country,  died  June  21,  at  Connellsville,  Pa., 
aged  88  years.  He  was  a  grandson  of  Colonel  William 
Crawford,  the  first  settler  in  that  part  of  Pennsylvania. 
Mr.  McCormack  made  a  large  fortune  in  various  business 
enterprises,  but  the  great  failure  of  B.  F.  Bear,  a  few  years 
ago.  ruined  him,  and  when  he  died  he  was  dependent  for 
a  living  on  the  small  fees  derived  from  hi.s  office  of  Justice 
of  the  Peace. 


Chief  Engineer  Henry  Lee  Snyder,  United  States 
Navy,  died  in  Washington,  June  30,  aged  50  years.  He 
was  born  in  Pottstown,  Pa.,  and  entered  the  Navy  when 
21  years  old.  He  rose  gradually  to  the  rank  of  Chief 
Engineer  and  stood  high  on  the  list  of  officers  of  that 
rank.  For  several  years  past  he  has  been  detailed  as 
Superintendent  of  the  State,  War  and  Navy  Department 
Building  in  Washington. 


M.  M.  Greene  died  in  Columbus,  O.,  June  26.  after  a 
short  illness;  he  was  57  years  old.  He  was  born  in  Ver- 
mont, and,  after  serving' on  the  Vermont  Central  road, 
went  into  business  as  a  contractor.  In  1867,  he  was  ap- 
pointed Vice-President  and  Chief  Engineer  of  the  Colum- 
bus &  Hocking  Valley  Railroad.  In  1874,  he  became  Presi- 
dent of  the  company  and  retained  that  office  when  the 
present  Columbus,  Hocking  Valley  &  Toledo  Company 
was  formed  by  consolidation.  In  18S1,  he  resigned  on 
account  of  ill  health  and  retired  from  business. 


O.  B.  Fillev,  a  prominent  figure  in  the  industrial  com- 
munity of  St.  Louis,  died  at  Richfield  Springs,  N.  Y., 
whither  he  had  gone  in  quest  of  better  health.  Mr.  Filley 
was  51  years  of  age  and  had  for  25  years  past  been  identi- 
fied with  the  iron  industries  of  St.  Louis.  He  was  for 
many  years  Secretary  of  the  Fulton  Foundry  Company, 
and  at'the  time  of  his  death  was  President  of  the  Missouri 
Furnace  Company,  a  director  in  the  Joliet  Steel  Com- 
pany, the  St.  Louis  Malleable  Iron  Company  and  Third 
National  Bank,  besides  being  a  large  stockholder  in  the 
Granite  Mountain  Mining  Company.  Mr.  Filley  was  per- 
sonally popular  among  the  iron  men. 


William  Wallace,  who  died  in  Buft'alo,  N.  Y.,  June 
20,  aged  82  years,  was  born  in  Scotland  and  came  to  the 
United  States  in  1832.  He  was  an  engineer  and  surveyor 
by  profession  and  was  employed  in  the  building  of  the 
old  Attica  &  Buffalo  road,  and  was  Superintendent  of  that 
line  for  some  years  after  its  completion  in  1842.  He  was 
Chief  Engineer  of  the  Attica  &  Hornellsville  line  and 
afterward  of  the  Butifalo  &  State  Line  road.  He  was  the 
first  projector  of  the  line  which  was  afterward  built  as  the 
Buffalo,  New  York  &  Philadelphia  and  made  the  original 
surveys  for  that  road.  He  retired  from  business  several 
years  ago  on  account  of  increasing  age. 
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Christian  E.  Detmold  died  at  his  home  in  New  York, 
July  2.  He  was  born  in  1S09  in  Hanover,  where  he  was 
educated  at  a  military  school.  He  came  to  this  country 
in  1835,  and  adopted  the  profession  of  a  civil  engineer 
and  contracter.  He  built  the  old  Charleston  &  Hamburg 
Railroad  in  South  Carolina,  one  of  the  first  railroads  in 
the  country,  and  later  was  engaged  m  constructing 
canals  in  Maryland  and  Pennsylvania.  He  also  built  the 
Crystal  Palace  in  New  York  in  1853.  He  was  for  many 
years  the  owner  of  a  large  coal  mine  in  Pennsylvania,  and 
in  this  business  amassed  a  large  fortune.  Between  1842 
and  1850  he  gave  much  attention  to  the  introduction  into 
this  country  of  Faber  du  Faur's  method  of  utilizing  furnace 
gases  in  heating  the  blast.  About  15  years  ago  Mr.  Det- 
mold went  to  Paris,  where  he  lived  until  within  a  few  years. 
He  married  Miss  Phrebe  Crary  and  had  two  daughters, 
both  of  whom  are  married.  His  wife  and  daughters  sur- 
vive him. 


Jackson  Bailey  died  at  his  residence  in  Brooklyn' 
N.  Y.,  July  7,  aged  40  years.  He  was  born  in  Schenec- 
tady, N.  Y.,  served  in  the  army  when  still  a  boy,  and  after- 
wards graduated  from  the  State  Normal  School  at  Albany, 
N.  Y.  After  teaching  foi  several  years,  he  connected 
himself  with  a  New  York  publishing  firm  for  a  short  time, 
and  then  became  Eastern  representative  of  the  Aiiuruan 
Manufaitiirer,  of  Pittsburgh. 

In  November,  1S77,  he  joined  Horace  B.  Miller,  under 
the  firm  name  of  Miller  &  Bailey,  in  establishing  the 
American  Machhu'st.  The  paper  was  successful  from  the 
start,  and  Mr.  Bailey  retained  his  connection  with  it  up  to 
the  time  of  his  death,  though  his  failing  health  during 
the  past  two  years  had.  during  a  considerable  portion  of 
that  time,  rendered  him  unable  to  do  active  work.  His 
disease  was  of  malarial  origin  and  developed  into  con- 
sumption of  the  bowels.  He  leaves  a  widow,  but  no 
children. 

At  the  time  of  his  death  Mr.  Bailey  was  First  \'ice- 
President  of  the  New  York  Press  Club  and  a  member  of 
a  number  of  engineering  societies.  He  was  one  of  the 
founders  of  the  American  Society  of  Mechanical  Engi- 
neers. He  was  a  quiet,  unassuming  man.  but  won  the 
esteeem  and  confidence  of  those  who  k.iew  him  by  his 
uprightness  and  the  thoroughness  of  his  work. 


Colonel  A.  A.  Talmage,  General  Manager  of  the 
Wabash,  St.  Louis  &  Pacific  lines,  died  June  28,  at  Peru, 
Ind.,  while  on  his  way  from  St.  Louis  to  Toledo  in  his 
private  car.  He  had  suffered  from  chronic  diarrhoea  for 
several  months.  He  was  born  in  Warren  County,  N.  Y., 
in  1834,  and  received  a  substantial  elementary  education. 
AVhen  had  reached  the  age  of  15  he  became' a  clerk  in  a 
general  merchandise  store  at  Goshen,  Orange  County,  N. 
Y.,  where  he  remained  two  years.  At  the  age  of  18  he 
was  employed  in  the  freight  department  of  the  Erie  Rail- 
road, and  soon  attracted  attention  by  his  quick  apprehen- 
sion of  economical  methods  of  despatching  railroad  busi- 
ness. In  1838,  he  went  to  Chicago  in  the  interests  of  the 
Michigan  Southern  Railroad.  He  was  placed  in  charge 
of  the  business  of  that  company  at  Monroe,  Mich.,  and 
subsequently  at  Toledo,  O.  When  Mr.  Talmage  was 
about  25  years  old  he  became  a  passenger  conductor  on 
the  railroad.  In  1864,  he  was  appointed  Assistant  Sup- 
erintendent of  the  line  from  East  St.  Louis  to  Terre  Haute. 
He  resigned  this  charge  in  October  of  the  same  year  on 
receiving  the  appointment  of  Master  of  Transportation 
for  all  the  railroads  under  Government  control  south  of 
Chattanooga.  He  was  very  soon  made  Superintendent 
of  the  same  lines,  and  remained  in  that  important  posi- 
tion till  the  military  power  turned  over  the  lines  to  the 
companies  after  the  close  of  the  war.  For  some  time 
thereafter  he  was  General  Superintendent  of  the  East 
Tennessee  &  Georgia  Railroad. 

In  186S,  when  the  St.  Louis,  Alton  &  Terre  Haute  Rail- 
road had  been  leased  by  the  Indianapolis  &  St.  Louis 
Company,  he  resumed  the  duties  from  which  he  had  re- 
signed in  October,  1S64.  In  October,  1870.  he  was  ap- 
pointed General  Superintendent  of  the  road.     In  March, 


i87i,hewas  appointed  General  Superintendent  of  what 
was  then  known  as  the  Atlantic  &  Pacific  Railroad.  In 
December  of  the  same  year  the  general  superintendence 
of  the  Missouri  Pacific  Railroad  was  intrusted  to  him, 
and  for  a  period  of  years  he  remained  in  active  charge  of 
that  very  important  system.  He  was  the  originator  oi  a 
plan  for  railroad  hospitals  to  be  supported  by  an  assess- 
ment on  the  wages  of  the  employes.  When  the  Wabash 
passed  under  Missouri  Pacific  control  it  was  placed  under 
Colonel  Talmage's  charge,  and  when  the  lines  were  sep- 
arated again  he  remained  with  the  Wabash,  and  continued 
to  manage  its  lines  Colonel  Taimage  was  considered  a 
manager  of  great  ability. 


Alfred  Krupp,  the  distinguished  metallurgist  and 
manufacturer,  died  at  his  home  in  Essen,  Prussia,  July  14, 
aged  75  years.  The  great  steel  works  at  Essen  were 
founded  by  Friedrich  Krupp  in  1810  as  a  small  forge, 
employing  only  two  workmen,  and  continued  to  grow 
under  his  management  until  the  date  of  his  death,  in 
1S26,  when  Alfred  Krupp,  his  son,  was  only  14  years  old. 
From  1826  to  1848  the  works  were  carried  on  by  the 
widow  and  sons  in  company,  Alfred  displaying  a  phenom- 
enal aptitude  for  the  business  and  remarkable  executive 
ability.  In  1848,  Alfred  Krupp,  whose  death  is  now  an- 
nounced, took  entire  charge  of  the  works,  and  carried  on 
the  business  under  the  firm  name  of  Friedrich  Krupp, 
and  to  him  is  due  the  credit  for  the  establishment  of 
these,  the  most  extensive,  and  in  some  respects  the  finest 
works  in  the  world. 

The  discovery  which  had  most  effect  upon  them,  was 
that  of  a  way  to  cast  steel  in  large  masses,  an  unsur- 
mountable  task  prior  to  Krupp's  experiments.  He  sig- 
nalized his  discovery  by  sending  to  the  London  Ex- 
hibition of  1851  a  block  weighing  45  German  quintals, 
which  at  that  time  was  a  great  curiosity.  General  atten- 
tion was  then  called  to  the  works  and  their  business 
rapidly  increased.  Herr  Krupp  was  among  the  first  to 
adopt 'the  Bessemer  process,  and  rapidly  extended  its  use. 
Guns,  armor-plates,  rails,  tires,  and  many  other  articles  of 
Krupp  make  are  to  be  found  in  all  parts  of  the  world. 

Engineers  are  chiefly  interested  in  the  many  improve- 
ments introduced  by'  Herr  Krupp  in  the  treatment  of 
iron  and  steel.  His  were  among  the  very  earliest  works 
to  adopt  any  new  process  which  promised  well,  and 
several  dephosphorizing  processes  have  long  been  used 
there.  As,  however,  his  works  were  very  jealously  closed 
against  visitors,  and  a  secret  was  made  of  nearly  every 
thing  about  them,  only  general  information  was  allowed 
to  get  into  print.  It  is  charged  that,  while  Herr  Krupp 
was  prompt  in  adopting  every  improvement  in  iron  and 
steel  making,  he  rarely  gave  credit  or  reward  to  the  in- 
ventor whose  improvement  he  adopted. 

The  enormous  extent  of  the  Essen  Works  may  be  ap- 
preciated from  the  following  interesting  figures  with  re- 
gard to  the  growth  of  the  establishment  which  were  pub- 
lished in  1884.  In  i860  Essen  Foundry  had  only  1,746 
workmen,  but  that  number  had  risen  to  7,084  ten  years 
later,  and  it  was  in  1SS4  upward  of  20,000.  Counting  the 
women  and  children,  Herr  Krupp's  establishment  gave 
employment  in  1884  to  65.381  people,  of  whom  29.000 
lived  'in  houses  belonging  to  their  employer.  The 
foundry  was  divided  into  eight  sections,  and  there  were 
II  blast-furnaces,  1,542  other  furnaces,  439  steam-boilers, 
82  steam-hammers,  and  450  steam  engines  representing 
185,000  horse-power.  At  Essen  alone,  to  say  nothing  of 
the  branch  establishments,  there  were  nearly  40  miles  of 
rails,  28  locomotives,  883  trucks,  369  horses,  191  wagons, 
40  miles  of  telegraph  wires,  35  telegraph  stations,  and 
55  Morse  instruments.  Since  then  large  additions  have 
been  made  to  the  works. 

Herr  Krupp  was  a  model  employer;  he  built  excellent 
houses  for  his  officers  and  men.  hospitals  for  the  sick,  es- 
tablished sick,  burial  and  pension  funds  for  his  employes, 
and  generally  took  the  warmest  interest  in  their  wel- 
fare. 

The  importance  of  his  services  and  his  wealth  induced 
Emperor  William  to  offer  him  letters  of  nobility  in  1S64. 
Thev  were,  however,  declined. 
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THE       GEODETIC      WORK      IN      THE     UNITED 
STATES. 

VI.  THE  U.  S.  COAST  .\ND  GEODETIC  SURVEY.— CONTINUED. 

BY  PROF.  J.    HOWARD   GORE. 

In  the  subsequent  operations  of  the  Survey,  so  many 
skilled  observers  and  able  computers  have  been  employed 
that  it  is  well-nigh  impossible  to  specify  to  what  extent 
the  success  is  due  to  them,  or  how  much  praise  the  fol- 
lowing superintendents  deserve.  In  this  article  only  a 
concise  statement  will  be  made  to  show  how  the  methods 
have  been  improved,  what  accuracy  has  been  attained 
and  the  amount  of  work  that  has  been  performed. 

The  primary  triangulation,  which  Hasslers  successors 
have  regarded  as  the  mainstay  in  their  plan  of  procedure, 
has  been  so  far  extended  as  long  ago  to  suggest  its  utili- 
zation as  data  in  the  great  geodetic  problem.  When 
the  importance  of  this  subsidiary  feature  came  to  be  fully 
considered,  no  intelligent  person  could  be  found  to  say 
that  undue  refinement  had  been  practiced.  Francoeur, 
in  speaking  of  the  methods  proposed  at  the  beginning, 
said:  "They  prove  the  work  of  a  very  learned  and  well- 
exercised  engineer,  who  knows  perfectly  all  the  geodetical 
methods  and  the  methods  of  observation,  who  knows 
their  difficulties  and  defects,  and  has  diminished  the 
causes  of  error  and  given  to  the  results  all  the  precision 
possible." 

During  the  field  season  of  1844  two  bases  were  meas- 
ured, one  along  the  Boston  &  Providence  Railroad,  in 
the  immediate  vicinity  of  the  site  Borden  had  selected 
for  the  measurement  of  his  base  of  verification  ;  this  base, 
nearly  1 1  miles  long,  was  very  rapidly  measured,  with 
Hassler's  apparatus,  on  a  graded  and  unobstructed  side 
track.  The  other  was  the  Kent  Island  base,  on  which  a 
modified  form  of  Hassler's  apparatus  was  employed. 

The  unfavorable  conditions  for  triangulation  existing 
along  the  coast  of  the  Southern  States  necessitated 
more  numerous  bases,  and  with  this  increase  in  number 
it  was  deemed  advisable  to  so  simplify  the  apparatus  as 
to  diminish  the  cost  of  the  work.  While  this  was  being 
done,  it  was  desired  to  introduce  other  advantages,  such 
as  :  That  the  length  of  the  apparatus  be  invariable  at 
different  temperatures;  that  the  bars  have  equal  absorb- 
ent powers  for  heat ;  that  they  be  supported  so  as  to  be 
stiffened  laterally  as  well  as  horizontally,  while  capable 
of  free  motion  ;  that  they  be  enclosed  in  a  way  which 
prevents  sudden  changes  of  temperature,  the  covering 
also  giving  stiffness ;  that  the  whole  be  supported  at  two 
points  only,  and  easily  movable  in  the  different  direc- 
tions required  for  adjustment  in  measurement.  The 
general  conditions  to  be  fulfilled  and  a  description  of 
the  apparatus  were  given  to  Mr.  Wiirdeman,  the  Mecha- 
nician of  the  Survey — his  name  still  being  attached  to 
the  results  of  his  mgenious  skill. 

Professor  Bache  had  determined,  by  a  long  series  of 
very  careful  experiments,  the  relative  cross-sections  of 
the  bars  of  iron  and  brass,  which  were  to  constitute  a 
new  base  apparatus  for  the  use  of  the  Survey,  depending 
upon  their  difference  of  specific  heat  and  conducting 
power,  the  absorbent  qualities  of  their  surfaces  being 
adjusted  by  the  use  of  different  colored  varnishes. 


This  apparatus  consists  oi  an  iron  and  a  brass  bar, 
'  firmly  united  at  one  end,  the  brass  bar  being  placed  on 
the  lower  side.  At  the  opposite  end  a  short  lever  of 
compensation  is  jointed  to  the  brass  bar,  its  polished 
steel  surface  being  pressed  against  the  end  of  the  iron  bar 
by  a  spring,  which  is  so  attached  to  a  small  rod  placed 
parallel  to  and  above  the  iron  bar,  that  it  constantly  acts 
to  draw  the  rod  back  and  the  end  of  the  compensating 
lever  with  it.  The  arms  of  the  lever  are  proportioned  to 
each  other  as  the  expansion  of  iron  to  brass,  or  as  1,100 
is  to  1,748,  or  very  nearly  as  the  expansion  given  by 
Smeaton  of  iron.  0.001258,  and  by  Laplace  of  brass, 
0.0018667 1. 

The  lever  being  proportioned  as  above  stated,  when  the 
brass  and  iron  bars  are  expanded  by  heat  its  outer  end 
will  not  be  moved,  but  will  keep  exactly  its  normal  dis- 
tance from  the  opposite  end  of  the  apparatus,  where  the 
two  bars  are  fixed  together.  The  expansion  of  the  short 
iron  rod  on  the  end  of  the  lever  is  allowed  for  in  the 
arrangement,  and  it  carries  on  its  end  a  polished  agate 
plate.  '+'"•  in  diameter,  which  is  the  surface  of  contact  at 
that  end  of  the  apparatus.  At  the  other  end  (where  the 
bars  are  fastened  together)  there  is  a  Bessel  contact  level, 
with  an  iron  rod  acting  upon  it.  By  means  of  a  spring, 
this  iron  rod  is  thrust  outward,  so  that,  in  making  con- 
tact, the  knife-edged  agate  in  which  it  terminates  is 
brought  against  the  agate  plane  on  the  opposite  or  lever 
end  of  another  bar  of  exactly  the  same  size  and  construc- 
tion. The  bar  is  then  moved  gently  until  the  contact 
level  shows  a  horizontal  position,  when  the  distance  be- 
tween the  agate  surfaces  at  the  fixed  and  lever  ends  is 
the  normal  length. 

This  apparatus  was  first  used  on  the  Dauphin  Island 
base,  measured  in  1847.  Here  the  probable  error  was 
found  to  be  about  two-hundredths  of  an  inch  in  a  mile; 
the  length  had  been  obtained  by  comparing  six  single 
i  meters,  placed  end  to  end  with  the  apparatus  as  a  whole, 
while  the  individual  meters  were  compared  with  an 
authentic  standard  meter — one  of  those  originally  made 
by  the  French  Committee  on  Weights  and  Measures.  It 
was  brought  to  this  country  by  Mr.  Hassler,  and  pre- 
sented by  him  to  the  American  Philosophical  Society. 

The  comparisons  of  length  were  made  by  means  of 
Saxton's  pyrometer,  a  very  simple  instrument,  but  one 
affording  the  highest  degree  of  accuracy:  "  A  small  mir- 
ror, movable  about  a  vertical  axis,  reflects  into  the  field 
of  a  telescope,  placed  at  a  distance  of  20  ft.,  the  divisions 
of  along  curved  scale  placed  under  the  telescope;  by 
means  of  a  small  abutting  piece  attached  to  the  mirror, 
any  difference  in  length  to  be  measured  causes  a  corre- 
sponding rotation  of  the  mirror,  by  which  different  scale- 
divisions  appear  on  the  wires  in  the  telescope,  and  a 
greatly  magnified  indication  is  thus  obtained  by  an  index 
equal  in  length  to  twice  the  distance  of  the  mirror  from 
the  scale.  The  quantity  is  thus  readily  magnified  2,000 
times,  without  any  loss  from  inertia  and  flexure,  which 
would  be  unavoidable  in  obtaining  a  similar  result  by 
means  of  mechanical  levers." 

Ascertaining  in  this  way  the  exact  length  of  the  appa- 
ratus, a  principal  source  of  error  in  obtaining  the  length 
of  the  base  is  eliminated,  leaving  only  errors  such  as 
arise  from  uncertainties  in  determining  the  coefficients  of 
the  component  bars,  and  adjusting  the  lever  of  compen- 
sation in  the  ratio  of  these  coefficients,  together  with 
errors  that  arise  in  manipulating  the  apparatus.     These 
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admit  of  computation,  and  the  sum  total  of  their  effect 
given  as  the  probable  error.  The  following  table  gives 
the  principal  items  of  interest  connected  with  the  meas- 
urements of  all  the  bases  with  the  Bache-VViirdeman 
apparatus : 


Dauphin  Island 1847 

Bodie's        "      1848 

Edisto         "      1850 

Key  Biscayne 1855 

CapeSable 1855 

Epping  Plains I  1857 


Peach ^ 


;  Ridge. 


In  iSSoitwas  decided  to  construct  a  new  apparatus. 
which  would  be  simpler  in  construction,  but  would  secure 
all  the  advantages  found  in  the  Bache-Wiirdenian.  First 
of  all,  it  was  decided  to  have  the  length  five  meters,  in- 
stead of  six.  The  measuring-bar  is  composed  of  two 
metals,  so  proportioned  as  to  be  compensating  for 
changes  of  temperature,  and  rigidly  connected,  but 
without  any  points,  levers  or  movable  parts,  which  not 
only  complicate  the  construction,  but  also  introduce 
sources  of  error  in  the  unequal  wear  of  the  different 
parts.  In  this  form  there  is  a  large  bar  of  zinc,  and  fast- 
ened near  each  end  is  a  steel  bar,  extending  in  a  direction 
towards  the  opposite  end,  thus  forming  three  parallel 
bars,  on  the  gridiron  principle.  The  expansion  or  con- 
traction of  the  zinc  bar  is  exactly  counteracted  by  the 
expansion  or  contraction  of  the  two  steel  bars,  but  since 
the  coefficient  of  expansion  of  zinc  is  about  2'^  times 
that  of  steel,  the  zinc  bar  is  necessarily  the  shorter.  In 
order  to  secure  the  bars  against  the  differential  expansion 
that  might  arise  from  incorrect  proportionment  of  the 
size  and  length  of  the  component  bars,  the  zinc  bar  is 
allowed  to  project  beyond  the  points  of  attachment, 
where,  in  connection  with  the  accompanying  steel  bar,  a 
Borda  scale  is  applied.  Mercurial  thermometers  were 
also  provided.  The  "  Mudge  "  contact-slide  was  em- 
ployed, instead  of  the  complex  contact-level.  The  only 
base  measured  with  this  apparatus  was  the  Yolo  base,  in 
California. 

In  this  instance,  the  bars  during  measurement  were 
protected  from  the  action  of  the  sun  by  an  awning  made 
of  sailcloth,  placed  on  wheels,  so  that  it  could  be  moved 
as  the  work  progressed.  Twenty-four  men  were  em- 
ployed 408  hours  in  the  actual  measuring  of  8,494  bars, 
which  represented  two  entire  measurements  and  a  seg- 
ment of  somewhat  more  than  the  entire  line.  The  length 
obtained  is  17,486.51193  meters,  with  a  probable  error, 
equivalent  to  .J ^TT4i,,T-jf  of  the  length.  In  this  apparatus, 
authenticated  temperature  changes  were  not  always 
accompanied  by  corresponding  indications  of  the  Borda 
scale.  In  short,  the  behavior  of  the  zinc  component  was 
so  unsatisfactory  that  a  new  apparatus  is  under  consid- 
eration, in  which  the  scale  readings  will  be  omitted,  and 
either  a  partly  compensated  pair  of  bars  or  a  single,  care- 
fulUy  protected  bar  of  steel  adopted  instead,  with  very 
frequent  comparisons  with  a  field  standard. 

The  triangulation  of  the  Geodetic  Survey  is  in  keeping 
with  the  base  determination.  It  is  divided  into  primary 
and  secondary,  the  difference  being  based  upon  the  length 
of  sides  rather  than  difference  of  precision.  The  angles 
are  measured  with  great  care,  the  maximum  error  allowed 
is  o".3,  while  the  average  falls  below  o".i5,and  in  Nevada 


and  California  it  is  still  less.  An  idea  of  the  accuracy  of 
pointing  and  reading  can  best  be  formed  when  it  is  stated 
that  the  greatest  error  made  in  determining  the  position 
of  a  signal  is  less  than  the  radius  of  the  object  observed. 
The  average  error  in  closing  a  triangle  has  varied  between 
o".25  and  i".25.  irrespective  of  size. 

Great  improvements  have  been  made  in  theodolites; 
hard  metal  has  taken  the  place  of  soft  metal,  and  they 
are  constructed  with  stronger  frames  than  formerly.  The 
optical  power  of  the  telescope  is  increased  and  the  focal 
distance  diminished,  the  former  in  conformity  with  the 
increase  in  precision  of  the  graduation,  which  also 
allows  a  general  diminution  in  size  of  other  parts  of  the 
instrument,  the  former  large  circles  of  30  miles  diameter 
having  given  way  to  those  of  20,  used  at  present.  The 
illumination  of  the  field  of  the  micrometer  is  radial,  and 
the  microscopes  are  rendered  more  efficient  by  aplanatic 
lenses,  giving  better  definition  and  greater  magnifying 
power.  The  complex  repeating-circles  and  verniers  have 
passed  out  of  date  for  all  larger  instruments.  The  spokes 
of  the  graduated  circles  have  disappeared,  and  full,  thin 
plates  have  taken  their  place,  clamps  are  attached  to  the 
axis,  and  the  circle  may  be  shifted  in  various  positions 
with  the  greatest  ease. 

The  test  of  accuracy  of  both  base  measurements  and 
triangulation  is  the  difference  found  in  the  length  of  a 
junction  line  depending  on  two  primary  bases  connected 
by  intervening  triangulation. 

In  this  connection  may  be  cited  the  comparison  of  the 
Epping,  Massachusetts  and  Fire  Island  bases:  Their  dis- 
tances apart  are : 

Epping  to  Massachusetts  295  miles. 

Massachusetts  to  Fire  Island 430     " 

Epping  to  Fire  Island  (direct) 430     " 

Epping  base  measured 8715.962  M. 

Derived  from  Mass 8715.865  ** 

"         "     Fire  Island 8715.900  •*" 

Massachusetts  base  measured  17326.376  '* 

Derived  from  Epping .•• 17326.528  " 

Fire  Island 17326,445" 

Fire  Island  base  measured 14058.971  " 

Derived  from  Epping 14059.039  " 

"     Mass...   14058.916  "■ 

Again  :  Kent  Island  and  the  Atlanta  bases  are  separated 
by  602  miles;  from  each  the  common  line,  Buffalo  to 
Moore,  about  29(2  miles  in  length,  was  computed,  giving 
a  difference  of  only  16  min.,  or  six-tenths  of  an  inch- 
The  difference  between  the  lengths  of  this  line  before 
final  adjustment  was  less  than  3  inches. 

In  the  astronomic  determination,  similar  success  has- 
been  achieved,  owing  both  to  the  instruments  used  and 
the  methods  of  reduction.  The  results  for  latitude  have 
gained  much  in  precision  by  the  introduction  of  more 
precise  star-places  (in  declination),  which  has  become 
possible  by  the  introduction  of  new  catalogues  and  by  the 
recent  labors  of  astronomers,  particularly  Boss  and 
Auwen,  in  submitting  the  catalogued  places  to  systematic 
discussion.  In  the  telegraphic  instruments,  short  and 
split  electro-magnets,  possessing  the  property  of  rapid 
charge  and  discharge,  have  been  introduced,  along  with 
improved  chronographs,  of  great  regularity  of  motion 
and  instantly  changeable  to  double  speed  when  required 
for  exchanges. 

This  is  what  the  Survey  has  accomplished:  Fifteen 
bases  have  been  measured,  with  the  success  already  men- 
tioned;    nearly  eleven   thousand    primary  stations  have 
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been  occupied  ;  the  coast  triangulation  and  hydrography 
extended  from  Maine  to  Me.xico,  with  a  few  breaks  ;  the 
coast  of  California,  with  .short  stretches  in  Oregon  and 
Washington  Territory,  along  many  navigable  rivers,  and 
nearly  four-fifths  of  the  transcontinental  chain  Extending 
along  the  39th  parallel. 

This  stupendous  work  has  been  oriented  by  188  stations 
for  azimuth,  and  put  in  its  correct  place  on  the  spheroid 
of  latitude  observations  at  300  stations,  and  longitude  at 
115,  while  magnetic  observations  have  been  made  at 
nearly  700  places,  and  gravity  experiments  made  at  nu- 
merous stations,  not  only  in  this  country,  but  also  in 
various  parts  of  the  world. 

The  reductions  have  also  received  attention,  equally 
with  the  field  work.  To  all  observations  a  criterion  is 
applied,  and  those  used  are  properly  weighted.  The 
most  advantageous  figures  are  used  in  first  adjustments, 
and  when  the  triangulation  has  progressed  sufficiently  to 
include  another  base,  the  whole  is  subjected  to  the  rigor- 
ous conditions  that  the  co-ordinates  of  the  termini 
should  be  the  same  from  direct  observation  and  compu- 
tation, and  that  the  lengths  of  all  lines  be  the  same  when 
computed  from  both  bases. 

In  longitude  computations,  particular  attention  is  paid 
to  the  relative  weights  depending  upon  :  The  stars'  posi- 
tion, the  value  of  the  time  determination,  the  variations 
in  personal  equation,  and  the  performance  of  the  chro- 
nometers with  respect  to  time  elapsed  between  time 
determination  and  the  exchange— arbitrary  signals  being 
used,  instead  of  automatic. 

For*  its  publications,  this  uistitution  deserves  our  sin- 
cerest  thanks;  in  the  annual  reports,  beginning  in  1S54 
as  separate  volumes,  are  to  be  found  thorough  discus- 
sions of  every  branch  of  Geodesy  ;  among  them  are  22 
papers  on  base-measuring  and  25  on  field-work  and  re- 
duction of  the  triangulation. 

If  the  Geodesists  of  the  world  were  asked  to  lay  out 
the  future  work  of  the  Survey,  they  would  suggest  the 
filling  up  of  that  small  gap,  which,  with  the  excellent 
work  of  the  Lake  Survey,  and  the  Surveys  of  New 
York  and  Pennsylvania,  would  give  a  meridional  arc  or 
of  8°  and  of  supreme  importance  they  would  consider 
the  continuance  of  the  transcontinental  belt  along  the 
39th  parallel,  giving  an  arc  of  46°  perpendicular  to  the 
meridian.  Then,  with  the  adaptability  of  this  country 
for  an  arc  of  a  meridian  of  16°,  we  would  not  be  satisfied 
until  its  length  and  amplitude  were  determined,  as  well 
as  the  lines  of  level  to  connect  the  Atlantic  with  the 
Pacific,  and  the  Great  Lakes  with  the  Gulf  of  Mexico. 

QUADRUPLE-EXPANSION   MARINE    ENGINE. 

The  quadruple-expansion  engines  shown  in  the  accom- 
panying illustrations  were  recently  built  by  Rankin  & 
Blackmore,  of  Greenock,  Scotland,  for  the  Myrtle,  a  vessel 
used  for  summer  excursion  business.  The  boat  is  163  ft. 
long,  20  ft.  6  in.  beam  and  14  ft.  moulded  depth,  her  regis- 
istered  size  being  318  tons.  The  engines  shown  were  put 
in  to  replace  an  old  compound  engine  of  the  ordinary 
type.  On  the  trial  trip  the  Myrtle  made  12  knots  an 
hour,  with  a  consumption  of  1.2  lbs.  good  Welsh  coal  per 
H.  P.  during  a  run  of  three  hours. 

For  the  illustrations  and  the  following  description  we 
are  mdebted  to  Engineering  : 

The  new  engines  are  of  the  four- cylinder,  disconnected. 


quadruple-expansion  type  working  tandem  on  two  cranks, 
patented  by  Messrs.  John  F.  &  Nlatthew  Rankin,  and  the 
cylinders  are  12  in.,  17  in.,  24  in.  and  34  in.  in  diameter,  all 
having  a  piston-stroke  of  24  in. 

The  fact  that  the  quadruple-expansion  engines  have 
developed  more  than  double  the  power  of  the  old  com- 
pounds, within  the  same  space,  is  a  rough  proof  of  start- 
ling significance  as  to  the  great  economy  of  room, 
power  for  power,  effected  by  the  new  type,  and  this  is 
still  more  strongly  accentuated  when  compared  with  the 
three-crank  triple-expansion  engines  with  the  third 
cylinder  occupying  so  much  useful  space  fore  and  aft. 
The  engines  of  the  Myrtle  are  somewhat  similar  in  general 
design  to  the  four-cylinder  tandem  type  so  long  and  so 
favorably  known  in  connection  with  the  celebrated  White 
Star  and  other  steamers,  while  they  have,  by  means  of  the 
disconnective  arrangement,  the  same  valuable  capability 
of  either  half  being  able  to  work  independently  of  the 
other  in  case  of  need,  with  the  enormous  additional  ad- 
vantage of  nearly  40  per  cent,  saving  of  coal  and  less 
initial  friction.  The  only  features  of  novelty  lie  in  the 
cylinders.  Hitherto  the  principal  objections  of  sea-going 
engineers  against  tandem  engines  have  been  the  annoy- 
ance involved  in  the  extra  piston-rod  and  valve-spindle 
stuffing-boxes,  with  their  troublesome  packing  and  glands  ; 
also  the  difficulty  of  getting  at  the  lower  pistons  for  ex- 
amination and  overhauling.  The  former  difficulty  has 
been  overcome  by  abolishing  the  stuffing-boxes  on  the 
two  upper  cylinders  and  substituting  brass-fingered  tubes 
which  dip  down  into  the  stuffing-boxes  beneath  on  the 
tops  of  the  lower  cylinders,  thus  doing  away  with  a  con- 
siderable amount  of  friction.  There  is  a  minor,  but  still 
noteworthy,  saving  of  friction  in  the  upper  stuffing-boxes, 
as  the  Tuck's  packing,  which  is  essential  to  any  escape  of 
steam  and  to  impart  elasticity  to  the  rigid  metallic  pack- 
ing rings,  does  not  come  into  contact  with  the  rods  at  all, 
owing  to  the  interposition  of  the  above-mentioned  tubes, 
so  that  the  trouble  caused  by  the  India-rubber  cores  melt- 
ing through  constant  rubbing  and  adhering  to  the  rods  is 
completely  prevented. 

To  render  the  lower  pistons  easy  of  access  without  dis- 
turbing the  upper  cylinders,  there  are  provided  shelves 
formed  by  extensions  of  the  usual  cylinder  flanges,  to 
which  are  bolted  the  connecting  pieces  between  the  upper 
and  lower  cylinders,  leaving  sufficient  room  for  lifting  the 
covers  with  the  greatest  facility.  In  furtherance  of  this, 
the  stuffing  boxes  are  bolted  instead  of  being  cast  on,  and 
they  are  also  made  in  halves,  on  removal  of  which  the 
covers  can  be  raised  to  that  additional  extent,  leaving  in 
all  the  space  of  16  in.,  which  is  ample  for  all  the  require- 
ments of  overhauling.  Even  if  it  should  be  necessary  to 
take  out  the  pistons,  this  can  be  done  by  removing  one  of 
the  connecting  pieces,  which  have  been  made  separate  for 
this  purpose.  With  the  view  of  reducing  the  initial  fric- 
tion of  these  engines  to  a  minimum,  piston  valves  have 
been  adopted  (the  upper  covers  of  which  are  fitted  with 
separate  stuffing-boxes  made  in  halves  for  ready  detach- 
ment) for  all  the  cylinders,  and,  as  a  practical  illustration 
of  the  resulting  benefit  derived  from  their  use  and  the 
abolition  of  the  upper  valve  stuffing-boxes,  it  was  found 
that  the  reversing  wheel  was  worked  with  ease,  although 
it  was  just  the  same  diameter  as  had  formerly  proved  to 
be  essential  for  compound  engines  of  only  half  the  power. 

The  valve-gear  consists  of  the  old  double-plate  link 
motion  made  with  large  wearing  surfaces  and  adjustable 
bushes,  a  gear  which  still  seems  to  hold  its  own  well,  in 
spite  of  its  many  rivals.  The  packing  of  the  piston-valves 
consists  of  hard  cast-iron  rings,  while  the  pistons  are 
fitted  throughout  with  Lockwood  &  Carlisle's  patent  rings 
and  springs.  As  the  cylinders  have  neither  boiler  nor 
exhaust  steam  jackets,  the  usual  ramification  of  drain 
piping  has  been  much  simplified,  and  the  tandem  arrange- 
ment has  been  taken  advantage  of  to  lead  the  hot  drain 
water  and  steam  from  the  two  upper  cylinders  direct  into 
the  two  lower  ones  before  going  into  the  condenser,  thus 
shortening  the  pipes  by  a  good  many  feet.  The  con- 
denser presents  nothing  in  the  way  of  novelty  save  that  it 
looks  small  in  proportion  to  the  rest  of  the  machinery, 
with  its  618  sq.  ft.  of  cooling  surface,  nearly  50  per  cent. 
less  than   the  usual   practice  for  compound  engines,  thus 
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forming  another  rough  check  as  to  the  relative  effi- 
ciency. 

The  air  and  circulating  pumps  are  both  single-acting, 
14  in.  in  diameter  by  13 '2  in.  stroke  ;  the  feed  and  bilge- 
pumps  are  3  in.  in  diameter  by  i^'A  in.  stroke,  all  being 
worked  from  the  crosshead  of  the  low-pressure  cylinder 
by  solid  forged-iron  levers.  The  boiler  has  been  con- 
structed to  suit  the  Board  of  Trade  and  Lloyd's  rules  for 
a  working  pressure  of  180  lbs.,  and  is  11  ft.  6  in.  in 
diameter  by  9  ft.  6  in.  long,  with  two  of  Fo.x's  corrugated 
furnaces  3  ft.  5  in.  in  internal  diameter.  The  plates  were 
made  of  specially  mild  steel  by  the  Steel  Company  of 
Scotland,  and  worked  most  satisfactorily.  The  outside 
shell  plates  are  i/'j  in.  thick,  and  were  rolled  cold  to  pre- 
vent any  chance  of  undue  strains  being  set  up  by  the  local 
heating  of  such  heavy  plates. 

The  boiler  has  52  stay  and  1 1 5  common  tubes,  i'/i  in.  in 
internal  diameter  and  7  ft.  long.  The  stay  tubes  are 
screwed  into  both  tube-plates,  and  they  are  the  first  the 
makers  have  used  on  a  new  principle,  with  thickened  ends, 
so  that  after  they  are  screwed  the  thickness  from  the  bot- 
tom of  the  threads  is  the  same  as  the  body  of  the  tubes, 
thus  maintaining  equal  thickness  of  metal  throughout, 
and  presenting  more  efficient  heating  surface  on  account 
of  the  thickness  of  the  bodies  being  reduced  from  yV  in- 
to yV  in.  The  circumferential  seams  of  the  boiler  are 
double-riveted,  and  the  longitudinal  triple-riveted  seams 
have  butted  joints  with  double  straps  It;  in.  thick.  The 
rivets  for  the  outside  shell  are  of  steel  i  '4  in.  in  diameter  ; 
all  the  holes  were  drilled  in  position,  a  matter  of  great 
importance  with  so  heavy  a  working  pressure,  and  the 
riveting  was  effected  by  a  powerful  hydraulic  machine. 
A  prolongation  of  the  feed-pipe  passes  nine  times  across 
the  smoke-box  on  its  way  to  the  upper  part  of  the  boiler, 
so  that  the  feed-water  gets  the  benefit  of  the  waste  heat 
going  up  the  funnel,  which,  as  in  most  yachts,  has  been 
made  double. 

The  propeller  is  of  solid  cast-iron,  with  four  blades  set 
aft  to  diminish  vibration,  and  on  the  trial  trip  this  was 
found  to  be  scarcely  perceptible.  Indeed,  it  was  remarked 
as  a  notable  fact  that  the  engines  worked  almost  as 
smoothly  as  those  of  the  triple-e.xpansion  three  crank 
type,  which  result  was  attributed  to  the  cushioning 
afforded  by  the  high-pressure  steam  of  the  upper  cylin- 
ders ;  to  the  steam  in  all  the  cylinders  being  carried 
during  a  longer  portion  of  the  stroke,  owing  to  the  extra 
stage  of  expansion  ;  to  the  fact  that  there  are  only  two  sets 
of  valve-gear  instead  of  three,  and  that  all  the  valves  are 
of  the  piston  kind  ;  and  lastly,  to  the  careful  counterbal- 
ancing of  the  cranks. 

As  many  shipowners  seem  to  be  in  perplexity  as  to  the 
respective  merits  of  triple  and  quadruple-expansion  ex- 
gines,  we  have  ventured  to  present  the  case  of  the  latter 
at  length,  and  we  trust  that  this  will  be  sufficient  excuse 
for  what  might  otherwise  appear  undue  prolixity.  Then 
there  is  the  considerable  saving  in  the  consuniption  of 
coal,  and  this  economy  will  become  even  more  pronounced 
relatively  as  the  engines  become  worn,  as  there  are  three 
traps  instead  of  two  to  catch  and  utilize  any  leakage  of 
steam  from  the  high-pressure  cylinder.  The  low-pressure 
cylinder,  which  can  least  afford  to  get  out  of  order,  forms 
only  a  fourth  instead  of  a  third  of  the  gross  power,  and 
consequently  will  be  less  affected  by  a  leaky  piston  or 
defective  pumps.  Further,  the  Myrtle  s  engines  have  only 
four  sets  of  valve  spindles  and  piston-rod  stuffing-boxes 
instead  of  six,  as  in  first-class  three-crank  triple-expansion 
engines  with  the  piston-rods  passing  through  the  cylinder 
covers,  two  sets  of  valve  motion  against  three,  and  a  simi- 
lar saving  with  respect  to  the  piston  ani  connecting-rods 
and  main  bearings  (which  latter  will,  of  course,  be  less 
liable  to  wear  out  of  truth),  one  starting  valve  in  the  place 
of  two,  and  other  minor  gains.  The  only  item  on  the 
other  side  is  an  extra  cylinder,  but  this  does  not  count  for 
much,  as,  with  the  additional  stage  of  expansion,  the  pistons 
may  be  made  an  easier  fit.  any  slight  leakage  of  steam 
being  taken  up  by  the  next  cylinder,  and  there  is  practi- 
cally no  friction  with  the  piston  valves,  while,  as  already 
mentioned,  the  two  stuffing-boxes  have  been  done  away 
with. 

With  regard  to  the  disconnective  gear,  before  explain- 


I    ing  the  mode  of  working,  we  may  point  out  that  the  crank- 
I    shaft  is  made  in  interchangeable  halves  bolted  strongly 
I    together  to  facilitate  the  uncoupling  of  the  forward  engine, 
if  it  should  happen  to  break  down,  or  require  to  be  over- 
hauled at  sea.     Both  cranks  are  loaded  with  weights  to 
counterbalance  the  weight  of  the  pistons  and  rods.     The 
disconnective  gear  consists  of  an  arrangement  of  valves 
!    and  piping,  whereby  one-half  of  the  engines  may  be  util- 
i    ized  without  delay  in   the  event  of  the  other  half  going 
wrong.     For  instance,  suppose  the  high-pressure  half  to 
become  useless  for  the  time  being,  the  stop  valve  is  closed 
\    and  steam  at  about  60  lbs.  pressure  is  admitted  to  the 
I    second    intermediate    cylinder    direct    from    the    boiler 
I    through  the  reducing  valve  shown  on  fig.  1  of  the  engrav- 
ings, and  after  doing   its  work  the  steam  passes  through 
[    the  low-pressure  cylinder,  which  in  turn  exhausts  into  the 
!    condenser,  thus  forming  an  ordinary  tandem  compound 
[    engine,  if  time  permitted  of  the  forward  half  of  the  shaft 
being  uncoupled.     This,  of  course,  is  not  absolutely  neces- 
sary, but  would  greatly  relieve  the  after  engine.     If,  on  the 
other  hand,  the  low-pressure  half  should  get  out  of  order, 
the  steam,  instead  of  going  through  the  third-stage  cylin- 
der, would  be  led  from  the  second-stage  cylinder  into  the 
atmosphere,  by  a  connection  to  the  waste  steam  pipe.     In 
this  case,  the  low-pressure  connecting-rod  and  eccentric- 
rods  should  be  disconnected  if  possible.     It  seems  to  us 
[    that  the  extreme  facility  with  which  either  portion  of  the 
engine  can  be  handled  independently  is  of  special  value 
for  a  tourist  vessel,  as  affording  an  extra  feeling  of  security 
against  detention  to  pleasure  seekers  whose  leisure  time 
may  be  limited  to  the  brief  span  of  an  average  summer 
holiday. 

High-Pressure  Marine  Boilers. 


Recently  we  pointed  out  that,  so  far  as  the  engine  is 
concerned,  there  ought  to  be  little  difficulty  in  using  steam 
of  250  lbs.  pressure  at  sea.  The  real  obstacle  to  be  feared 
is  the  difficulty  of  constructing  boilers  which  will  sustain 
this  pressure  and  yet  be  suitable  for  use  under  the  pre- 
vailing conditions.  Boiler  shells  are  now  made  14  ft.  in 
diameter,  of  steel  plates  1 '2  in.  thick.  These  shells  are 
intended  to  carry  a  pressure  of  160  lbs.  on  the  square  inch. 
If  the  pressure  were  augmented  to  250  lbs.  the  thickness 
of  the  plates  must  be  raised  to  ils  in.,  provided  the 
diameter  remained  the  same;  and  we  have  good  reason 
to  doubt  that  any  boiler-maker  would  undertake  to  make 
such  a  shell,  and  we  are  quite  certain  that  no  plant  exists 
in  any  part  of  the  world  adequate  to  the  performance  of 
the  task.  It  seems,  therefore,  to  be  quite  clear  that, 
whether  the  existing  type  of  marine  boiler  be  or  be  not 
retained,  the  existing  proportions  must  be  abandoned. 
Let  us  suppose  thit,  instead  of  a  shell  14  ft.  in  diameter 
containing  three  furnaces,  we  have  a  shell  9  ft.  in  diameter 
containing  two  furnaces  3  ft.  in  diameter.  Such  a  shell 
made  of  i  >2'-in.  steel  would  be  quite  strong  enough  for 
250  lbs.  per  square  inch.  Yet  we  are  no  nearer  to  the  re- 
quired end,  because  it  would  be  next  to  impossible  to 
obtain  a  furnace  tube  at  once  sufficiently  thin  to  prevent 
over-heating,  and  sufficiently  strong  to  stand  up  to  250  lbs. 
Mr.  Fox,  by  his  corrugated  flue«,  made  high-pressures 
possible  at  sea;  but  there  is  a  limit,  and,  so  far  as  the 
existing  drift  of  engineering  opinion  goes,  the  limit  for 
corrugated  flues  has  been  reached,  if  not  a  little  over- 
passed, at  160  lbs.  It  may  be  said  that  the  difficulty  can 
be  got  over  by  reducing  the  diameter  of  the  flue.  In  one 
sense  this  is  true  ;  but  small  furnaces  cannot  be  properly 
worked  at  sea.  If  they  are  to  be  adopted,  forced  draught 
must  also  be  used,  and  the  shipowner  would  find  himself 
saddled  with  not  one  experiment  but  several.  Contem- 
plating the  trial  of  250  lbs.  steam  only,  he  would  find  that 
a  totally  unusual  system  of  burning  coal  would  have  to 
be  adopted,  to  say  nothing  of  certain  incidental  minor 
novelties.  The  next  important  step  in  marine  engineer- 
ing will  be  the  production  of  furnaces  which,  not  more 
than  ]i  in.  thick,  will  carry  safely  150  lbs.  pressure,  and 
yet  be  quite  suitable  for  use  under  ordinary  sea-going 
conditions. 
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Arrived  at  this  point,  we  expect  to  be  told  that  the 
best  solution  of  the  whole  dilhculty  lies  in  the  use  of 
water-tube  boilers.  To  this  we  demur.  We  are  bv  no 
means  blind  to  the  good  points  in,  ior  example,  the  Root 
and  the  De  Nayer  boilers;  but  tubulous  boilers  have 
been  well  tried  at  sea  and  found  wanting.  The  great 
objection  to  them  is  that  (or  a  given  power  they  take  up 
an  inordinate  amount  of  space.  Tneir  heating  surface 
is  inefficient.  Seventy  square  feet  of  surface  in  an  or- 
dinary marine  boiler  will  make  more  steam  than  loo  ft. 
in  a  tubular  boiler.  This  ought  not  to  be  so.  It  is  con- 
trary to  all  reason.  It  is  absurd,  but  though  absurd  it  is 
a  stubborn  fact.  On  land,  this  is  of  no  consequence  ;  at 
sea,  it  is  a  vital  defect.  It  may  be  obviated  perhaps.  Till 
it  is  we  must  deal  with  things  as  they  are.  If.  then,  the 
water-tube  boiler  and  the  ordinary  boiler  cannot  be  used 
with  high  pressures,  what  is  to  be  done  .■■  Unfortunately 
it  is  much  easier  to  criticise  and  condemn  than  it  is  to 
suggest  a  remedy.  Two  schemes  may,  however,  be  men- 
tioned, both  of  which  are  at  least  worth  discussion. 

A  shell  of  steel,  y^  in.  thick,  double  riveted,  will  sus- 
tain a  bursting  pressure  of  about  i.ioo  lbs,,  so  that  with  a 
working  pressure  of  250  lbs.,  there  would  be  a  factor  of 
safety  of  a  little  over  four,  which  is  sufficient.  A  boiler 
might  be  constructed  of  such  cylinders,  fired  outside,  and 
would  be  perfectly  safe;  because  it  would  be  free  from 
all  the  objctions  which  are  justly  urged  against  externally- 
fired  boilers  of  the  ordinary  type.  Such  boilers  have 
been  used,  although  of  very  crude  design,  for  many  years 
on  the  great  rivers  of  the  United  States.  They  have,  it 
is  quite  true,  exploded  now  and  then  with  disastrous 
results  ;  but  such  explosions  have  almost  always  resulted 
from  racing,  or  from  the  u-ie  of  extremely  muddy  water 
without  proper  precautions.  In  the  hands  of  modern 
English  engineers  nothing  of  the  kind  need  be  appre- 
hended, and  there  is  enough  about  such  a  system  of  con- 
struction to  make  it  worth  more  consideration  than  it 
has  yet  received.  Of  course,  each  boiler  proper  would  be 
built  up  of  a  number  of  sections,  each  consisting  of  one 
tube,  3  ft.  in  diameter  and  8  ft.  or  9  ft.  long,  flanged  and 
riveted  to  a  properly  stayed  flat-sided  chamber,  which 
would  at  once  put  all  the  sections  in  free  communication 
and  provide  a  portion  of  the  steam  place.  Something  in 
this  direction  was  done  years  ago  by  Mr.  Howard,  of  Bed- 
ford, and  the  experience  he  acquired  might  be  utilised  to 
make  a  further  advance.  A  very  powerful  argument 
against  externally-fired  tubes  must  not  be  forgotten,  how- 
ever. It  is  well  known  that  an  ordinary  furnace  crown 
may  come  down  without  any  one  being  killed  or  even 
scalded.  The  overheated  metal  bulges  and  stretches,  but 
it  does  not  give  way,  and  even  when  it  does  crack  so  as 
to  permit  the  escape  of  large  volumes  of  water,  the  steam, 
instead  of  rushing  into  the  stokehole,  finds  an  exit  up 
the  funnel.  Unfortunately,  there  is  reason  to  fear  that 
this  would  not  be  the  case  if  an  externally-fired  cylinder 
became  overheated  because  of  accumulated  deposit  or 
other  cause.  Under  these  conditions,  the  overheated 
plate  would  give  way  with  disastrous  results,  unless  some 
special,  not  very  easily  devised  arrangements  were  made 
to  insure  the  safety  of  the  firemen  and  engineers. 

We  have  said  above  that  two  methods  of  construction 
suggest  themselves.  One  we  have  just  considered,  the 
other  means  resorting  to,  in  a  sense,  the  locomotive  type. 
Now,  to  this,  insurmountable  objections  have  h'theno 
arisen,  when  it  was  tried  in  the  merchant  service,  although 
it  has  been  very  successfully  adopted  in  war  ships  by  both 
France  and  Great  Britain.  But  we  do  not  believe  that 
the  last  word,  or  anything  like  the  last  word,  has  been 
said  about  the  locomotive  type  at  sea.  One  of  the  great 
objections  urged  against  it  is  that  a  small  depth  of  water 
is  carried  over  the  fire-box  crown  ;  but  this  is  not  the 
fault  of  the  system,  but  of  the  way  in  which  it  has  been 
applied.  The  good  points  about  the  locomotive  boiler 
are,  that  it  permits  us  to  use  comparatively  small  shells 
containing  a  great  deal  of  heating  surface,  and  that  there 
is  practically  no  limit  to  the  strength  which  can  be  im- 
parted to  flat  surfaces  by  staying,  so  that,  consequently, 
we  can  have  a  fire-box  or  furnace  of  any  dimensions  we 
deem  necessary  without  the  least  apprehension  of  evil 
results.     We  do  not  for  a  moment  contemolate  the  adop- 


tion of  a  locomotive  or  torpedo-boat  boiler  in  the  ordinary 
sense  of  the  word  at  sea.  But  we  might  have  a  boiler 
containing  at  one  end  a  locomotive  fire-box,  which  box 
would  communicate  with  the  ordinary  uptake  of  a  marine 
boiler  by  three  or  more  steel  tubes,  say  each  12  in.  in 
diameter,  and  3  ft.  or  4  ft.  long.  The  shell  of  the  boiler 
proper  could  be  subdivided,  so  that  nothing  more  than 
about  4  ft.  in  diameter  would  be  exposed  to  a  bursting 
pressure.  Boilers  in  some  respects  resembling  this  type 
have  been  used  at  sea  with  success  in  the  United  States, 
but  not  with  high  pressures.  It  will  be  understood  that 
what  we  propose  is  a  boiler  which  shall  combine  the  best 
features  of  the  present  marine  type  with  the  best  features 
of  the  locomotive  type.  It  would  be,  in  short,  a  com|)Osite 
structure,  and  we  see  no  reason  to  doubt  that  it  might 
with  due  care  be  made  a  perfect  success.  There  is  just 
one  other  way  in  which  high  pressures  may  be  carried  at 
sea.  namely,  by  using  a  number  of  small  boilers— simply 
reduced  copies  of  the  large  boiler — but.  as  we  have  shown, 
they  must  have  small  furnaces  and  small  grates,  and  they 
would  in  the  aggregate  take  up  much  more  space  than 
one  or  two  large  boilers  of  equal  gross  power. 

Against  everything  that  can  be  suggested,  objections 
will  be  urged.  But  that  quadruple-expansion  engines 
and  pressures  of  250  lbs.,  or  perhaps  a  little  more,  will  be 
adopted  within  the  next  few  years  we  feel  certain,  always 
pro/ided  that  the  right  kind  of  boiler  is  to  be  had.  It 
may  be  that  the  difficulty  will  be  solved  by  departing 
much  further  than  we  have  suggested  from  existing 
types.  

Some  Remarkable  Breaks  in  a  Reservoir. 


The  reservoir  was  built  in  1S73  on  the  top  of  Consho- 
hoken  Hill,  about  200  ft.  above  the  level  of  the  Schuyl- 
kill River,  from  which  the  water  is  pumped.  In  plan  it  is 
a  square  of  151  ft.  at  the  top  of  the  embankment,  with  a 
division  embankment  rising  half  way  to  the  top  of  the 
side  walls.  When  ordinarily  full  it  holds  about  1,000,- 
000  gallons. 

The  earth  of  the  locality  is  of  a  rather  light  character, 
with  enough  talc  in  it  to  make  it  feel  rather  greasy.  The 
general  rocks  of  the  locality  are  limestone,  and  the 
variety  quarried  and  sold  as  Conshohocken  stone.  The 
exact '  geological  conditions  of  the  locality  I  have  not 
knowledge  enough  to  describe. 

In  constructing  the  reservoir  the  banks  were  raised 
about  as  much  above  the  natural  level  as  the  excavation 
was  beneath  it,  the  earth  from  the  excavation  being  used 
for  the  embankments.  These  were  well  rolled  and  al- 
lowed to  settle  as  much  as  possible  in  the  course  of  con- 
struction. The  bottom  and  sides  were  then  lined  with 
18  in.  of  stiff  fire-clay,  put  on  in  layers  of  about  3  in.,  each 
layer  being  well  rammed.  Above  this  there  was  put  a 
brick  pavement,  and  this  was  washed  over  with  hydraulic 
cement. 

The  inlet  and  outlet  pipes  were  cast-iron  pipes  laid  in 
masonry.  This  masonry  was  composed  of  ordinary  un- 
dressed stone,  laid  in  hydraulic  cement  and  extended  out 
to  about  the  middle  of  the  embankment. 

The  reservoir  was  finished  in  the  fall  of  1873,  and  water 
was  let  in  soon  after.  In  December,  1873,  only  a  few 
months  after  the  water  was  let  in,  the  first  break  occurred. 
This  break  commenced  just  above  the  outlet  pipe  and 
ollowed  the  line  of  the  pipe  through  the  embankment, 
faying  bare  some  of  the  masonry  described  as  surround- 
ing the  pipe.  It  broke  through  the  embankment  just 
iabout  at  the  natural  level  of  the  ground,  and  was  about 
I  5  ft.  across  at  the  top  of  the  embankment,  narrowing,  of 
course,  toward  the  bottom.  The  curious  part  was,  how- 
ever, that  instead  of  the  ground  below  showing  evidences 
of  such  a  large  body  of  water  passing  over  it,  it  showed 
that  only  a  comparatively  small  part  of  the  water  had 
escaped  that  way  and  covered  the  low  land  just  below. 
The  larger  part  of  the  water  must  have  escaped  by  some 
other  channel,  necessarily  a  subterranean  one.  This  first 
break  was  repaired   by   filling  in  with  stiff   fire-clay  and 
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finishing  as  before.  In  the  summer  of  1876  the  second 
break  occurred.  This  was  in  the  middle  of  the  west  com- 
partment and  was  an  absohite  giving  way  of  the  bottom, 
there  being  no  break  in  the  sides.  It  was  simply  a  hole 
of  about  25  ft.  in  diameter  and  of  indefinite  depth.  A  line 
was  let  down  at  least  85  ft.  without  finding  bottom,  and 
stones  thrown  in  seemed  to  rattle  down  indclinitely.  The 
ledges  of  rock  seemed  to  be  inclined  toward  each  other 
thus,  V,  and  the  slippery  talcous  earth  had  been  washed 
from  between  them,  nobody  knows  where.  Whether  the 
water  from  the  first  break  started  it,  is  of  course  not 
known,  although  it  seems,  at  least,  possible. 

In  repairing  this,  the  crevices  between  the  rocks  were 
filled  up  and  arched  over  with  masonry,  going  as  deep  as 
neces.iary  to  get  a  solid  support  for  the  masonry,  in  one 
ca<;c  as  much  as  34.  ft.  below  the  bottom  o(  the  basiu. 
Tiie  hole  was  then  filled  in  with  stiff  clay  and  iron  ore 
screenings,  principally  clay.  The  top  was  then 
planked  over  with  hemlock  planks,  and  the  clay  lining 
rammed  down  and  covered  with  brick,  as  before. 

In  the  spring  of  1879,  three  years  after,  the  third  break 
occurred.  This  was  in  the  other  compartment,  taking 
away  part  of  the  partition  wall  and  part  of  the  bottom, 
and  was  a  good  deal  like  the  preceding  one.  An  inter- 
esting fact  is  that  a  well  near  by,  80  ft.  deep,  and  which 
had  had  8  or  10  ft.  of  water  in  it,  was  completely  emptied 
the  night  the  break  occurred  and  lias  not  held  any  water 
since.  There  must  have  been  some  underground  channel 
by  which  the  water  from  both  found  its  way  to  the  river. 

This  hole  was  filled  up  with  masonry  and  clay,  like  the 
other.  The  clay  lining  was  then  taken  off,  and  the  whole 
basin,  sides,  bottom  and  partition  embankment,  were 
planked  over  with  heavy  hemlock  plank.  The  clay  was 
then  put  on  again  to  a  depth  of  14  in.,  and  the  whole  sur- 
face bricked  as  before.  This  time  it  lasted  for  eight 
years,  until  last  fall,  when  a  small  break  occurred.  Some 
small  quantity  of  water  had  washed  the  earth  from  be- 
tween two  rocks,  in  the  side  of  and  near  the  bottom  of 
the  end  embankment,  in  the  same  old  w-ay.  The  weight 
of  the  superincumbent  water  had  then  sprung  bark  the 
side  planks,  and  the  water  had  escaped  by  some  under- 
ground channel.  Being  relieved  of  the  weight,  the  planks 
had  sprung  back.  The  fact  of  the  springing  back  and 
subsequent  release  is  shown  by  there  being  a  number  of 
small  fish  caught  and  crushed  in  the  cracks.  This  was 
repaired,  as  usual,  by  filling  in  with  fire-clay,  and  at  that 
particular  place  there  is  now  3  ft.  of  fire-clay  rammed  in 
between  the  rocks,  then  the  planking,  then  14  in.  more 
clay,  and  then  the  brick  lining.  It  is  hoped  now  that  it 
will  last. 


THE  NEW  NAVAL  VESSELS. 

The  Secretary  of  the  Navy  has  approved  the  report  of 
the  board  which  examined  the  plans  for  the  new  war- 
ships, so  far  as  to  direct  the  acceptance  of  the  plan  sub- 
mitted by  the  Barrow  Shipbuilding  Company,  of  England, 
for  the  armored  battle-ship.  The  Navy  Department  pur- 
chases the  design,  and  is  at  liberty  to  make  such  modifi- 
cations as  may  be  desired.  As  it  will  take  some  two 
years  to  make  the  armor-plates  for  this  ship  and  the  ar- 
mored cruiser,  some  time  will  elapse  before  work  on  the 
ships  themselves  is  begun.  The  vessel,  which  will  prob- 
ably be  built  at  the  Brooklyn  Navy  Yard,  is  described 
below : 

THE   .\R.MORED    BA  I  ILE-SHIP. 

The  accepted  plan  of  the  Barrow  Company  presents 
the  feature  of  having  the  water  line  well  protected  by 
heavy  armor  and  also  the  guns  on  the  upper  deck,  but  of 
leaving  the  intermediate  space  between  the  upper  and 
lower  decks  wholly  without  protection,  there  being  noth- 
ing there  of  importance.  The  buoyancy  of  the  ship  is 
well  assured  bv  a  deflective  deck  at  the  top  of  the  water- 
line  armor.  Some  of  the  recently  built  Italian  battle- 
ships embody  this  principle,  which  has  given  rise  to  much 
discussion  in  professional  circles.    There  are  two  turrets 


en  tc/ie/o>!—lhiLt  is  to  say,  not  in  the  middle  of  the  ship, 
but  on  either  side  of  the  median  line,  so  that  their  guns 
can  fire  directly  forward  and  aft  or  to  either  side. 

The  designer  was  Mr.  William  John,  an  eminent  naval 
constructor.  His  object  was  to  present  a  design  by  which 
good  steaming  and  manoeuvring  qualities  could  be  ob- 
tained, an  abundance  of  coal  stowed,  endurance,  and  the 
comfort  of  otBcers  and  men.  A  wider  range  of  guns,  with 
a  heavy  bow  and  stern  tire  is  provided.  Defense  against 
attack  by  torpedo  boats  and  boarders,  the  distribution  of 
the  machine  guns  and  their  protection  ;  to  accomplish 
this  is  one  of  the  salient  features.  Another  commend- 
able feature  is  the  ample  protection  afforded  all  vital 
parts  of  the  ship  from  the  enemy's  shot  and  shell,  by 
which  the  stability  of  the  vessel  is  insured,  even  though 
the  ends  of  the  vessel  were  perforated  above  the  protected 
deck;  and  it  the  ends  of  the  vessel  were  perforated  be- 
yond the  armor  belt  there  would  still  remain  some  pro- 
tective stability. 

Following  are  the  dimensions  and  general  description 
of  the  armored  battle-ship: 

J^/.     In. 

Length  tictween  perpendiculars , 290        o 

Beam,  extreme 64        j 

Depth  molded  v^  upper  deck 39        8 

Mean  draught  of  water 11        6- 

Displacemciit  at  ^2  feet  ">  inches  draught,  fully  equipped,  with 

5c-:.  tnns  <'f  coal  on  board (ions)       6,300 

Indicated  horse  power,  forced  draught 8,600 

Indicated  horse  power,  natural  draught 5,800- 

Speed  at  above  displacement,  using  forced  draught.   ....(knotsl       17 

Using  natural  draught (knots)      15H 

Batter\— Two  12-in.  breech-loading  rifles;  six  6-in.  breech-loading  rifles. 

The  secondary  battery  consists  of  22  machine  guns,  so- 
disposed  as  to  secure  a  heavy  bow  and  stern  fire  and  a 
good  defense  against  torpedo-boat  attack. 

The  vessel  will  be  a  twin-screw  double-turret  ship,  with 
an  armored  redoubt  enclosing  the  lower  part  of  the  tur- 
rets, the  hydraulic  machinery  for  moving  the  turrets  and 
loading  the  guns  and  the  funnel  casings  of  the  boilers. 

It  is  fitted  with  a  ram  bow,  heavily  strengthened,  form- 
ing a  powerful  weapon.  The  hull  is  built  entirely  of  steel 
on  the  cellular  system,  the  double  bottom  extending 
throughout  the  machinery  and  magazine  spaces — a  length 
of  I  58  ft. 

This  bottom  is  divided  into  numerous  water-tight  com- 
partments, as  is  the  hull,  by  numerous  longitudinal  and 
athwarthship  bulkheads.  The  protection  of  the  vital 
parts  of  the  ship  consists  of  a  steel-faced  armor  belt  12  in. 
in  thickness,  extending  sufficiently  forward  and  aft  to  em- 
brace the  engines,  boilers  and  all  magazines,  terminating 
at  each  end  with  an  armored  steel-faced  breastwork  6  in. 
thick  extending  diagonally  across  to  the  center  of  the 
vessel. 

This  armor  is  thoroughly  backed  by  a  system  of  rigid 
framing  and  girders  ;  additional  protection  is  furnished 
by  a  steel  deck  3  in.  thick,  extending  the  whole  length  of 
the  vessel,  sloping  from  beyond  the  armor  belt  toward  the 
bow  and  stern,  protecting  the  steering  gear  and  under- 
water torpedo  rooms  and  gear. 

Above  the  protective  hull  are  the  main  and  spar  decks, 
where  the  accommodations  for  the  officers  and  crew  are 
arranged  and  batteries  located. 

The  machinery  is  all  placed  below  the  protective  deck, 
the  engines  in  two  and  the  boilers  in  four  water-tight 
compartments. 

The  stowage  of  coal  is  so  arranged  as  to  afford  as 
much  protection  to  the  unarmored  parts  of  the  vessel  as 
possible. 

The  two  12-in.  breech-loading  guns  are  mounted  each 
in  a  turret  protected  by  12-in.  steel-faced  armor.  These 
turrets  are  placed  en  echelon,  so  as  to  command  a  fore- 
and-aft  lire  from  both.  Each  gun  has  a  complete  broad- 
side range  on  one  side,  and  a  range  on  the  opposite  side 
of  40  degrees  for  the  forward  gun  and  70  degrees  for  the 
after  one.  Two  loading  positions  are  provided  for  each 
gun.  Two  6-in.  guns  are  arranged  as  bow  and  stern 
chasers,  to  be  placed  on  central  pivot  mountings  sup- 
porting segmental  shields.  These  are  mounted  on  the 
spar  deck — one  forward  and  one  aft— with  a  range  of  120 
degrees. 

Four  6-in.  guns  are  arranged  in  sponsons  on  the  main 
deck,  two  commanding  a  range  from  right  aft  to  25  de- 
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grees  forward  of  the  beam,  and  two  a  range  from  right 
forward  to  25  degrees  abaft  the  beam.     Six  tubes  are  also 
provided  for  ejecting  torpedoes. 
Two  military  masts  are  fitted  to  carry  machine  guns. 

THE  ARMORED    CRUISER. 

The  Board  did  not  recommend  the  adoption  of  any  of 
the  designs  submitted  for  the  armored  cruiser,  and  before 
making  any  decision,  a  careful  examination  of  these  plans 
is  to  be  made.  It  is  thought  probable  that  the  design 
prepared  by  the  Bureau  of  Construction  of  the  Navy  De- 
partment may  be  adopted.  This  plan,  as  has  been  here- 
tofore noted,  has  many  points  of  resemblance  to  the  cele- 
brated Brazilian  turret-ship  Riachuflo,  although  many 
improvements  in  the  original  model  have  been  introduced. 
The  general  dimensions  are  as  follows:  Length,  310  ft.; 
breadth,  54  ft.;  draught,  21  ft.  6  in.;  displacement,  6,600 
tons;  speed,  17  knots;  coal  capacity,  800  tons.  Four  lo- 
in, guns  are  carried  in  turrets  en  ec he/on.  a.nd  six  6-in.  guns 
are  mounted  in  central  pivot  carriages,  so  arranged  that 
aii  of  the  lo-in.  and  three  of  the  6-in.  guns  can  be  concen- 
trated on  one  point  of  fire,  while  13  rapid-fire  guns  have 
practically  an  all-around  range.  The  armor  belt  is  17  in. 
in  thickness  and  6  ft.  in  breadth.  The  vessel  will  be 
fitted  with  torpedo  tubes  for  the  discharge  of  fish  tor- 
pedoes, carries  two  steam  torpedo  boats,  and  is  rigged  as 
a  bark. 

Hydro-Pneumatic   Disappearing   Gun-Carriage. 

The  accompanying  engravings  show  a  disappearing 
gun-carriage,  on  the  hydro-pneumatic  system,  made  at 
the  works  of  Sir  W.  G.  Armstrong,  Mitchell  &  Co.,  and 
shown  at  the  Exhibition  at  Newcastle,  England. 

In  the  system  illustrated,  the  recoil  set  up  on  firing  the 
gun  is  utilized  for  compressing  air  in  a  chamber  of  the 
recoil-cylinder,  by  means  of  water  or  other  fluid  which  is 
forced  from  the  outer  chamber  through  a  valve  into  the 
air  chamber.  At  the  same  time  the  movement  of  the 
ram  in  the  cylinder  is  communicated,  by  means  of  a 
crosshead,  to  a  pair  of  elevating  levers,  in  the  upper  ends 
of  which  the  gun  trunnions  are  carried,  the  lower  ends 
being  connected  to  the  gun-carriage.  On  being  fired,  the 
traverse  of  the  ram  causes  the  elevating  levers  to  de- 
scend, carrying  the  gun  with  them,  and,  as  above  stated, 
compressing  the  air  in  the  recoil-chamber  at  the  same 
time.  When  the  gun  has  been  loaded  in  its  lowest  posi- 
tion this  energy  is  utilized  for  raising  it,  as  shown  in  the 
lower  view  of  our  illustration,  into  the  firing  position. 

The  engravings  given  show  the  construction  of  the 
apparatus  very  clearly.  It  has  excited  much  interest  in 
the  Exhibition. 


BREAKAGE   OF   WHEELS   AND   TIRES   ON 
BRITISH    RAILROADS. 


We  continue  below  the  condensed  summary  of  the  re- 
ports of  the  Board  of  Trade  inspectors  on  accidents  re- 
sulting from  breakages  of  wheels  and  tires  on  British 
railroads.  This  summary  was  begun  in  the  June  number 
of  the  Journal,  and  its  purpose  and  object  were  there 
explained. 

In  the  last  number  these  condensed  reports  were 
brought  down  to  the  close  of  1872.  and  the  record  is  now 
taken  up  from  the  beginning  of  the  year  1873. 

ACCIDENT   REPORTS. 

January  6,  1873,  as  an  express  train  on  the  Midland  line 
was  near  Royston,  a  tire  broke  on  a  leading  wheel  of  the 


engine  and  flew  otT,  throwing  the  engine  from  the  track. 
A  passenger  was  hurt.  The  tire  broke  into  6  pieces,  which 
were,  respectively.  65.  13,  26,22,  \}i  and  2^'/^  in.  long; 
they  were  scattered  along  for  some  600  ft.  beside  the 
track.  Some  200  ties  and  25  rails  were  broken  by  the 
train.  The  tire  was  of  crucible  steel  and  had  run  50,438 
miles,  wearing  down  from  2;^  to  2;!s  in.  It  was  secured 
to  the  wheel-center  by  6  set-screws,  each  >s  in.  in 
diameter  and  penetrating  ij^  in.  into  the  tire.  Three  of 
the  breaks  were  through  bolt-holes.  In  this  case  the  In- 
spector comments  very  severely  on  the  insuflicient  method 
of  fastening  the  tires  used. 

January  8,  1873,  a  tire  broke  under  a  passenger  carriage 
of  an  express  train  on  the  Midland  Railway,  near  Dore. 
The  carriage  did  not  leave  the  track,  but  one  passenger 
was  hurt  by  a  piece  of  the  tire  which  was  thrown  up 
through  the  floor  This  tire  was  of  iron,  originally  2-in. 
thick  on  tread,  but  worn  down  to  134  in.;  it  was  fastened 
to  the  wheel-center  by  four  rivets.  It  broke  into  6  pieces, 
44.  33.  S'2.  i3,,'2,  22  and  12  in.  long  respectively,  four  of 
the  fractures  being  through  bolt-holes.  The  Inspector 
again  urges  the  use  of  such  fastenings  as  will  hold  the 
tire  in  place  even  if  broken. 

April  28,  1873,  a  tire  broke  on  a  driving  wheel  of  the 
engine  of  a  passenger  train  on  the  Midland  Road,  near 
Stenson  Junction.  The  wheel  was  6  ft.  6  in.  diameter  ; 
the  tire  had  been  last  turned  up  in  January,  1873,  the  en- 
gine having  been  in  service  since  1852.  The  tire  was 
originally  2  '<  in.  thick  on  tread,  but  had  been  reduced  to 
i^s  in.  by  wear  and  turning.  It  was  fastened  to  the 
wheel-center  by  7  bolts,  Js  in.  diameter.  It  broke  into  6 
pieces,  and  no  flaws  were  found  in  the  metal.  The  in- 
spector thinks  that  this  breakage  was  the  result  of  trust- 
ing too  long  to  a  worn-out  tire,  and  again  urges  the  use 
of  better  fastenings. 

May  I,  1873,  a  passenger  train  on  the  Great  Western 
was  derailed  near  Upton  Magna,  by  a  broken  tire  under  a 
brake-van,  all  the  train  except  the  engine  leaving  the 
rails  ;  a  guard  and  1 1  passengers  were  hurt.  The  tire 
broke  into  1 1  pieces,  which  were  scattered  for  400  ft.  along 
the  line.  The  tire  was  iron  and  seems  to  have  broken  first 
at  the  weld,  where  a  slight  flaw  was  found.  Another  crack 
or  flaw  was  found  at  a  second  break,  but  neither  of  these 
flaws  was  large  enough  to  seriously  impair  the  strength. 
The  fastening  to  the  wheel-center  was  by  the  Gibson 
method,  in  which  a  circular  key-ring  is  used,  fitting  into  a 
groove  in  the  tire.  It  seems  that  this  groove  was  defective 
at  one  point,  and  a  piece  had  been  cut  out  of  the  key-ring. 
This  ring  disappeared  when  the  tire  broke,  and  had  not 
been  found  when  the  report  was  made.  The  tire  was  of 
iron,  and  tests  made  on  the  pieces  showed  that  the  metal 
was  somewhat  brittle.  The  Inspector  says  :  "The  Great 
Western  Company  has  about  100,000  wheels  on  which  the 
tires  are  fastened  in  the  same  manner  ;  and  I  am  informed 
by  Mr.  Armstrong,  the  Locomotive  Superintendent,  that 
he  has  only  known  one  instance  in  which  a  tire  after 
breaking  has  left  a  42-in.  wheel.  *  *  *  ♦  As  it  is 
impossible  to  prevent  tires  from  breaking  occasionally, 
in  consequence  of  hidden  flaws  or  some  imperfection  in 
the  metal,  it  is  of  paramount  importance  to  prevent 
them  from  leaving  the  wheel-center  when  breakage  does 
occur." 

June  21,  1873,  an  excursion  train  on  the  Midland  Railway 
was  derailed  near  Wingfield  by  the  breaking  of  a  tire  on 
a  leading  wheel  of  the  engine.  The  engine,  brake-van, 
and  4  carriages  were  derailed,  killing  2  passengers, 
seriously  injuring  3  trainmen  and  12  passengers.  The, 
engine  in  this  case  was  a  six-wheels  coupled  engine,  with 
16^  by  24  in.  cylinders,  and  wheels  62J2  in.  diameter; 
it  weighed  33 ji  tons,  about  11  tons  being  on  the  leading 
I  wheels.  The  tire  which  broke  was  of  crucible  steel ;  it 
had  run  117,154  miles  and  had  been  reduced  from  wear 
and  turning  from  2',  to  i  '4  in.  thick  on  thread.  It  was 
secured  to  the  wheel-center  by  8  screw-bolts  or  set-screws, 
each  I  in.  in  diameter,  and  tapped  about  i  in.  into  the 
tread  of  the  tire.  The  tire  was  found  to  be  in  five 
pieces,  72,'.,  46^4,  32,'.,  26] z  and  12  in.  long,  respectively. 
This  case  seemed  of  so  much  importance  that,  in  the 
course  of  the  investigation,  letters  were  sent  to  all  the 
railroads  in  the  country,  asking  them  to  give  statements 
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as  to  the  method  of  fastening  tires  in  use  on  their  re- 
spective lines. 

In  summing  up  this  case,  the  Inspector  says:  "it  is 
probably  impossible,  in  the  manufacture  of  tires  and  in 
applying  them  to  the  wheels  of  locomotives  and  railway 
vehicles,  to  provide  against  their  occasional  failure  in  this 
manner;  but  it  is  possible,  as  I  have  frequently  and  for 
many  years  had  occasion  to  point  out,  almost  absolutely 
to  prevent  danger  to  passengers  and  trainmen  in  the 
event  of  their  failing,  by  attaching  ihem  to  the  rims  of 
the  wheel-centers  by  methods  which  will  prevent  them 
flying  off  the  wheel  when  broken.  They  may  fail  from 
too  brittle  nature  of  the  material,  from  defects  of  manu- 
facture, or  from  being  too  tightly  shrunk  on  to  the  wheel; 
and  they  have  frequently  failed  from  one  of  these  causes, 
or  from  a  combination  of  them.  The  danger  is  not  in 
the  fracture,  or  in  the  tire  being  divided  into  two  or  more 
parts,  but  in  the  probability  ol  the  tire,  which  is  or  ought 
to  be,  in  a  state  of  tension  on  the  wheel,  flying  suddenly 
and  violently  from  it  when  fracture  occurs ;  and  this 
danger  is  greater  with  steel  than  with  iron  tires.  The 
loss  of  a  tire  from  a  wheel  m  any  part  of  a  train  traveling 
at  a  high  speed,  must  always  be  an  occasion  of  serious 
risk,  but  it  is  especially  so  with  regard  to  the  tires  on  the 
leading  wheels  of  the  engine.  The  risk  being  so  great 
and  the  remedy  so  simple,  involving  no  extra  cost  worth 
a  moment's  consideration,  it  does  appear  surprising  that 
there  should  have  been  so  much  difficulty  in  inducing 
railroad  companies  to  adopt  this  remedy.  Having  pro- 
cured the  best  tires  they  can  manufacture  or  buy,  they  too 
often  proceed  to  bore  great  holes  in  them  and  so  to 
weaken  them  seriously,  in  order  to  fasten  them  to  the  rim 
of  the  wheel,  when  there  are  superior  methods  of  attach- 
ing them  to  the  wheels  without  making  such  holes  in 
them,  and  by  means  of  which  they  may  wear  them  down 
safely,  without  fear  of  accident  in  the  event  of  their  frac- 
ture, and  with  less  risk  of  fracture  occurring.     *     *     *     * 

"  As  regards  the  different  modes  of  fastening  tires, 
there  is,  no  doubt,  much  to  be  said,  and  there  is  much 
diversity  of  opinion.  But  the  various  companies  will  do 
well  to  study  the  results  of  experience  up  to  the  present 
time.  There  have  been  instances  of  broken  tires  flying 
from  the  wheels,  when  secured  by  clips  on  one  side  only, 
and  by  wedges,  or  rings,  or  bolts  only,  on  the  other  side 
or  in  the  middle.  There  have  also  been  cases  of  the  fail- 
ure of  wooden  wheels.  But  there  has  not  yet  been  a  case, 
so  far  as  I  am  aware,  of  a  tire  flying  from  a  wheel  when 
the  double-clip  system  has  been  adopted,  and  this  system 
may  be  and  has  been  adopted  with  iron,  as  well  as  with 
wooden  wheels.  The  principles  which  appear  to  promise 
the  greatest  degree  of  safety  may  thus  be  stated  : 

•■  I.  There  should  be  a  clip  of  some  sort  on  each  side 
of  the  tire,  and  not  on  one  side  only. 

■•  2.  The  clips  should  be  formed  with  square  shoulders, 
as  L  pointed  out  in  a  report  on  tire-fastenings  nearly  13 
years  ago.  and  not  with  a  slanting  dovetail. 

"3.  The  clips  should  be  continuous  on  both  sides,  and 
not  intermittent  (with  spaces  between  the  portions)  on  one 
side,  as  they  are  in  some  cases. 

"4.  The  strength  of  the  clips,  and  of  the  portion  of  the 
tires  clipped,  should  be  in  proportion  to  the  strains  which 
are  liable  to  be  brought  to  bear  upon  them,  having  regard 
to  the  material  and  strength  of  the  tires." 

December  12,  1873,  a  tire  broke  on  the  leading  wheel  of 
the  locomotive  of  a  passenger  train,  on  the  Midland  road 
near  Spondon;  the  train  was  not  derailed.  The  tire, 
which  was  of  crucible  steel,  broke  into  seven  pieces,  two 
of  the  breaks  being  through  bolt-holes.  It  was  originally 
lYi  in.  thick  on  the  tread,  but  had  been  turned  and  worn 
down  to  i^'s  in.  It  was  fastened  to  the  wheel-center  by 
six  screw-bolts  passing  through  the  rim  and  entering  i  '+ 
in.  into  the  tire.  The  Inspector  speaks  strongly  of  the 
defective  fastenings  of  the  tire. 

December  13,  1673,  on  the  Northeastern  Railway,  near 
Guisboro  Junction,  a  tire  came  off  a  wheel  under  the  ten- 
der. The  tire  was  of  Low  Moor  iron,  42  in.  diameter,  and 
was  secured  to  the  wheel-center  by  three  rivets.  The  tire 
did  not  break,  but  it  was  found  that  all  of  the  rivets  were 
broken,  one  showing  a  fresh  break,  the  other  two  having 
apparently  been  broken  for  some  time.     The   Inspector 


believes  that  the  breakage  of  the  rivets  was  due  to  ex- 
pansion of  the  tire  by  heat,  resulting  from  friction  of  the 
brake-blocks. 

December  28,  1873.  the  brake-van  of  a  passenger  train 
on  the  the  Great  Northern  road  was  derailed  near  Wood 
Walton,  by  a  broken  tire  and  pitched  30  ft.  down  a  bank. 
About  two-thirds  of  the  tire  left  the  wheel  in  6  pieces, 
the  remaining  third  being  held  to  the  wheel  by  the  fasten- 
ings ;  these  consisted  of  S  L-shaped  clips,  fitting  into  a 
groove  in  the  tire,  and  secured  to  the  rim  of  the  wheel- 
center  by  screw-bolts,  one  in  each  clip.  The  tire  was  of 
steel,  five  years  old,  and  was  i  ^^  in.  thick  on  the  tread. 

May  8,  1874,  a  tire  broke  under  a  carriage  in  a  passen- 
ger train  on  the  Dublin,  Wicklow  &  Wexford  line,  derail- 
ing the  whole  train.  The  tire  broke  at  a  weld,  and  the 
wheel-center,  which  in  this  case  was  cast-iron,  was 
broken  to  pieces. 

July  17,  1874,  mixed  train  on  Northeastern  line  was 
derailed  near  Chat  Hill,  by  a  broken  tire  under  a  freight 
wagon.  A  trainmen  and  3  passengers  were  hurt.  The 
tire,  which  was  of  very  poor  iron,  broke  into  four  pieces, 
the  breaks  being  at  the  bolt-holes  where  it  was  fastened 
to  the  center.  The  fastenings  were  insufficient  to  hold 
the  tire. 

December  24,  1874,  a  passenger  train  on  the  Great 
Western  was  derailed  near  Shipton-on-Cherwell,  by  the 
breaking  of  a  tire.  This  was  one  of  the  worst  accidents 
on  the  record,  several  carriages  having  been  completely 
wrecked,  30  passengers  killed  and  4  fatally  hurt,  65  other 
passengers  and  4  trainmen  injured.  The  tire  which  broke 
was  of  Low  Moor  iron,  and  had  been  in  service  9  years  ; 
it  had  been  worn  and  turned  down  from  i^i  to  i^  in. 
thick  on  tread.  It  was  fastened  to  the  wheel-center  by 
four  countersunk  rivets,  with  a  small  lip  on  the  inside  of 
the  tire  to  resist  the  pressure  of  the  flange.  The  rivets 
were  '4  in.  diameter,  enlarged  at  the  counter-sinking  to 
I  '+  in.  at  the  top  of  the  rivet,  and  the  length  of  the  tap- 
ering part  was  i ,';  in.  when  new.  The  head  was  riveted 
up  hot  in  the  usual  way.  The  tire  broke  in  two  pieces, 
about  3  and  8  ft.  long,  and  three  out  of  the  four  rivets 
broke.  In  this  case  there  was  an  extended  investigation, 
on  account  of  the  loss  of  life,  but  the  comments  made  are 
chiefly  a  repetition  of  the  statements  found  above,  in  re- 
lation to  the  necessity  of  using  proper  fastenings  for 
tires,  and  of  employing  some  means  of  preventing  them 
from  leaving  the  wheel-center  when  broken. 

January  2,  1S75,  passenger  train  on  North  British  Rail- 
way was  thrown  from  the  track  near  Buchlyore,  by  a 
broken  tire  under  a  passenger  carriage,  and  10  passengers 
were  hurt.  The  broken  tire  was  52  in.  diameter  of  iron, 
and  was  about  \]'z  in.  thick  on  thread,  although  some- 
what unevenly  worn  ;  it  was  secured  to  the  wheel-center 
by  five  's-in.  rivets.  It  broke  into  four  pieces,  all  the 
breaks  being  through  rivet-holes. 

August  21,  1S75.  a  passenger  train  on  the  Waterford  & 
Limerick  line,  was  derailed  near  Long  Pavement,  Ireland, 
by  a  broken  tire  on  a  leading  wheel  of  the  engine.  The  fire- 
man was  killed,  the  engineer  and  a  passenger  hurt.  The 
broken  tire  was  of  steel  4  ft.  diameter  and  2  in.  thick  on 
tread;  it  was  fastened  to  the  wheel-center  by  five  ~/%  in.  bolts, 
with  countersunk  heads  i)s  in.  diameter  in  the  tire.  The 
tire  broke  into  three  pieces,  two  of  the  breaks  being 
through  bolt-holes.  The  rim  of  the  wheel-center  broke 
in  two  places. 

August  24,  1875,  two  carriages  of  a  passenger  train  on 
the  Midland  Railway  were  thrown  from  the  track  near 
Kilnhurst  by  a  broken  tire.  This  tire  broke  in  two  pieces 
and  left  the  wheel  altogether.  It  was  of  steel,  almost 
new  (in  use  38  days  only),  and  broke,  apparently,  first  at  a 
bolt-hole,  and  then  at  a  point  where  a  flaw  seemed  to 
have  occurred  in  rolling  it.  The  Inspector  says  that  the 
steel  seemed  brittle  and  should  have  been  better  annealed. 
It  was  held  to  the  wheel-center  by  four  Js  in.  bolts,  with 
countersunk  heads,  tapering  from  I's  to  's  in.  The  In- 
spector censures  the  company  very  severely  for  continuing 
to  use  fastenings  which  had  proved  unsafe  and  insuffi- 
cient years  before,  when  so  many  better  systems  were  in 
use  on  other  lines.  

For  the  year  1874,  the  total  number  of  accidents  given 
by  the  companies'    reports,    made    under   the  law,  from 
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broken  tires,  was  55,  and  from  broken  wheels  13 ;  a  total 
of  68  accidents.  In  these  accidents,  34  passengers  were 
killed,  66  passengers  and  7  employes  were  injured. 
Nearly  all  these  casualties  were,  however,  due  to  a 
sin;j;le  accident,  most  of  the  accidents  having  been  slight 
in  their  results. 

It  will  be  observed  that,  in  only  three  out  of  these  68 
accidents,  was  it  considered  necessary  to  hold  a  special 
examination,  and  only  three  of  them  are  mentioned 
above. 

From  1847  to  1S74,  inclusive,  the  Inspectors  e.xamined 
into  and  reported  on  Si  accidents,  resulting  from  breakage 
of  tires.  The  total  number  killed  in  these  81  accidents 
was  65  passengers  and  8  employes  ;  injured,  268  passen- 
gers and  38  employes. 

As  in  the  earlier  reports,  there  were  exceedingly  few 
breakages  of  wheel-centers  included  in  these  reports,  and 
in  almost  every  case  these  breakages  resulted  from  failure 
of  tires.  In  nearly  every  case  where  the  tires  broke,  the 
damage  done  would  have  been  slight  had  the  tire  been 
sufficiently  fastened.  Safe  fastenings  seem  to  be  the 
burden  of  the  Inspectors'  reports  throughout. 
( To  be  continued.) 


Tramway-Trains 

At  a  recent  meeting  of  the  (French)  Sociitc  des  Inge- 
nieurs  Civih  the  subject  of  Tramway-Trains  was  brought 
forward  by  M.  Cossmann.  This  appellation  has  been 
chosen  to  designate  light  conveyances  which,  like  tram- 
cars,  stop  frequently,  but  have  a  velocity  equal  to 
that  of  the  ordinary  trains.  It  is  nearly  lo  years  since 
they  were  first  tried  in  Austria,  and  in  the  environs  of 
Berlin;  from  thence  the  idea  spread  into  France  and  was 
adopted  with  certain  modifications  in  accordance , with 
the  dift'erent  requirements  and  the  restrictions  of  the 
Legislature.  To  authorise  a  departure  from  existing 
regulations  a  presidential  decree  was  found  necessary, 
which  was  granted  on  the  application  of  the  Administra- 
tion of  the  State  Railways.  The  three  articles  of  this 
decree  related  to  the  length  of  the  train,  the  number  of 
men  accompanying  each  train,  and  the  precautionary 
measures  to  be  observed  <■«  route  and  at  the  stations ;  the 
rate  of  speed  also  to  be  determined   by  ministerial  orders. 

The  question  appears  to  have  fallen  into  abeyance  for 
about  two  years.  At  the  end  of  that  time,  in  1SS4,  the 
Compagnie  du  Nord,  alarmed  at  the  falling  off  of  their 
traffic,  took  measures  to  reduce  the  working  expenses  of 
each  line  in  proportion  to  the  receipts,  and  resolved  to  try 
the  system  of  tranuvay-trains  on  a  branch  of  their  Belgian 
line,  and  on  two  of  their  French  lines.  The  system  had 
already  been  applied  in  a  suburb  of  Liege,  on  a  line  run- 
ning between  that  town  and  Maastricht.  Of  the  two  French 
lines,  that  between  Lille  and  Tourcoing  was  considered 
suitable  for  the  trial  of  a  single  carriage  tramway-train, 
and  on  the  line  running  from  Boulogne  to  St.  Omer.  it 
was  thought  that  light  trains  composed  of  several  car- 
riages would  be  better  fitted  to  the  requirements  of  the 
traffic.  The  results  ol  this  decided  the  company  to  de- 
velop  and   extend    the    application    to  several    sections. 

Other  French  companies  are  beginning  to  follow  the 
example  of  the  Compagnie  du  Nord.  To  the  east,  there 
are  two  lines  in  the  Department  of  Meurthe-et-Moselle  ; 
to  the  west,  it  is  proposed  to  extend  the  system  to  the 
Bretagne  lines,  and  to  some  branches  of  the  Seine  Valley. 

Since  the  2ist  of  September  tramway-trains  have  been 
running  from  Villeneuve-St.  Georges  to  Palaiseau,  and 
an  extension  is  contemplated  between  Plaine  and  Pantin. 

The  characteristics  of  the  tramway-trains  employed 
over  the  Northern  line  are  as  follows: — (i)  They  are  com- 
posed of  an  engine  and  one  large  carriage,  or  of  a  limited 
number  of  carriages,  and  have  no  brake  van.  For  such 
light  trains  an  engine  of  moderate  power  is  sufficient  to 


keep  up  a  relatively  high  rate  of  speed,  and  this  is  main- 
tained in  spite  of  the  numerous  stoppages,  the  number  of 
which  is  regulated  by  the  public  requirements.  A  driver 
and  one  guard  only  are  required,  where  the  trains  have 
but  one  carriage  ;  where  they  have  more  than  one  but  less 
than  seven,  two  men  on  the  engine  and  one  conductor 
are  requisite  ;  ( 2 )  the  stoppages  take  place  at  points  between 
tlie  stations,  where  there  are  neither  signal  boxes  nor 
ticket  offices,  the  tickets  being  distributed  in  the  train  it- 
self by  the  guard  as  in  the  ordinary  tramways.  In  establish- 
ing tramway-trains  in  connection  with  their  railways,  the 
Compagnie  du  Nord  has  had  to  make  two  distinct  pro- 
visions for  their  service;  Ui  In  the  neighborhood  of  the 
great  centers,  such  as  Pans,  Lille,  Maubeuge,  the  tram- 
way-trains composed  of  one  carriage  are  worked  in  corre- 
spondence with  the  existing  trains  by  the  addition  of 
another  track  and  are  confined  to  passenger  traffic  only  ;  (2; 
on  the  branch  lines,  where  the  goods  and  passenger  traffic 
are  distinct,  the  ordinary  trains  are  substituted  by  light 
trains,  composed  of  from  one  to  six  carriages  at  most,  with- 
out a  iDrake-van  ;  they  carry  the  mails,  parcels  and  passenger 
luggage,  and,  like  the  one-carriage  trains,  stop  at  interme- 
diate points.  Being  light  and  provided  with  the  continuous 
brake,  they  are  able  to  stop  and  start  very  rapidly.  These 
trains,  where  the  service  requires  it,  can  be  converted  into 
ordinary  trains  by  the  addition  of  carriages,  a  brake-van 
and  the  ordinary  number  of  attendants.  The  company 
has  avoided  the  construction  of  new  material,  and  has,  in 
most  cases,  adapted  the  old  to  the  requirements  of  the 
new  service. 

The  engines  employed  are  old  locomotives,  the  tenders 
of  which  are  suppressed,  and  provision  made  at  the  side 
for  the  accommodation  of  fuel  and  water,  in  order  to  leave 
the  passage  between  the  engine  and  the  platform  of  the  car- 
riage perfectly  free.  These  engines  are  about  1 5  tons  in 
weight,  and  have  a  tractive  power  of  three  tons.  The  car- 
riages are  composed  of  two  old  carriages  united,  having  a 
passage  down  the  center  and  platforms  at  the  extremities. 
They'are  11  meters  long,  and  contain  75  places  in  three 
classes,  with  a  compartment  for  the  guard.  The  carriages 
used  in  the  vicinity  of  Paris  are  composed  of  three  thrown 
into  one,  and  have  102  seats.  The  light  trains  have  the 
common  form  of  carriages,  that  they  may  be  converted 
into  ordinary  trains  as  the  case  demands. 

The  arrangements  made  at  the  stations  are  as  rudiment- 
ary as  possible;  two  platforms  of  earth  are  formed,  con- 
tiguous to  a  crossing,  and  put  under  the  superintendence 
of  an  attendant.  The  number  of  stoppages  is  now  47,  and 
they  are  being  increased  every  day,  in  answer  to  the  de- 
mands of  residents,  who  are  willing  themselves  to  bear  the 
slight  expense  incurred  in  installing  them.  The  rate  of 
speed  is  about  the  same  as  that  of  the  ordinary  trains; 
although  there  are  double  or  treble  the  number  of  stop- 
pages, they  are  of  short  duration,  so  that  but  little  time 
is  lost. 

Taking  the  results  obtained  on  the  Lille  and  Tourcoing 
line,  the  working  expenses  of  the  tramway-trains  of  one 
carriage  amount  to  13  cents  per  mile,  and  those  of  the 
light  trains  of  six  carriages  to  a  maximum  of  19  cents, 
while  a  mixed  train  costs  at  least  22;^  cents.  It  will  be 
seen  then  that  a  real  advantage  is  gained  in  substituting 
the  ordinary  trains  by  tramway  or  light  trains.  It  is  more 
difficult  to  justify  the  economy  of  inserting  tramway-trains 
into  the  existing  service,  since  there  is,  in  the  first  place,  a 
supplement  of  expenses  to  take  into  account,  but  the 
system  is  to  be  recommended  where  the  traffic  is  likely  to 
increase  and  require  more  trains.  It  should  not  be  con- 
cluded that  this  system  can  be  profitably  applied  ever>'- 
where;  the  question  should  be  studied  line  by  line  to 
determine  where  it  could  be  adopted  with  advantage  or 
otherwise.  The  object  in  view  in  starting  tramway-trains 
in  Austria  was  to  promote  local  traffic.  To  provide  for  at 
least  three  or  four  journeys  per  day,  where  the  travelers 
would  not  exceed  in  number  some  eight  or  twelve  persons 
per  journey,  it  did  not  pay  to  run  the  ordinary  heavy 
trains;  the  wear  and  tear  of' the  rails  and  other  expenses 
quickly  swallowed  up  the  receipts.  It  was  decided,  there- 
fore, to  set  light  engines  and  carriages  upon  the  rails,  to 
work  at  a  reduced  speed  and  to  stop  at  close  stages.  In 
consequence  of  this  reduction  of  speed  they  have  been 
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able  in  Austria  to  reduce  the  tariflf  32'4  per  cent,  below 

the  ordinary  prices. 

.According  to  M.  Kopp,  tlic  receipts  in  the  suburbs  of 
Vienna  in  1880  amounted  to  about  38  cents  per  mile  and 
the  expenses  to  17)2  cents  only.  The  speed  is  generally 
fixed  at  18  or  19  miles  per  hour,  and  descends  in  some- 
cases  as  low  as  14  miles.  The  project  has  been  worked 
out  very  successfully,  and  the  example  has  been  followed 
by  Germany,  France.  Italy  and  Belgium.  In  the  latter 
country,  however,  the  general  use  of  tramway  trains  is 
still  under  consideration  ;  as  yet  they  are  only  employed 
around  Liege  and  on  the  Chirnay  line. 


Compound    Tank    Locomotive. 

The  accompanying  illustration  is  a  perspective  view  of 
a  compound  locomotive,  intended  for  freight  traffic,  and 
built  at  the  Crewe  Works  of  the  London  &  Northwestern 
Railway,  from  the  designs  of  Mr.  F.  W.  Webb,  Chief 
Mechanical  Engineer.  The  engine  has  side-tanks  and  is 
carried  on  four  pairs  of  wheels,  of  which  three  pairs  are 
drivers,  while  the  leading  wheels  are  fitted  with  Mr. 
Webb's  well-known  radial  axle-box.  The  system  is  very 
much  the  same  as  in  the  Dreadnought  and  other  com- 
pound passenger  engines  of  the  same  class  built  by  Mr. 
Webb.  The  high  and  low  pressure  cylinders  work  on 
different  axles,  which  are  not  coupled  or  connected. 

In  the  present  engine-,  as  will  be  seen  from  the  engrav- 
ing, the  two  hind  pairs  of  wheels  are  coupled,  and  are 
driven  by  the  pair  of  high-pressure  cylinders,  these  cylin- 
ders being  14  in.  in  diameter  and  24  in.  stroke.  As  in 
the  case  of  Mr.  Webb's  other  compounds,  the  valve  gear 
is  of  the  Joy  pattern,  but,  owing  to  the  small  size  of  the 
wheels,  the  valve  chests  of  the  high-pressure  cylinders 
have  to  be  placed  above  the  cylinders,  instead  of  below, 
as  in  the  compounds  for  fast  passenger  service. 

The  axle  of  the  front  pair  of  driving  wheels  has  a 
single  central  crank,  to  which  the  piston  of  the  low- 
pressure  cylinder  is  coupled,  this  cylinder  being  30  in.  in 
diameter,  with  24  in.  stroke.  The  cylinders  of  this  engine, 
now  illustrated,  are  of  the  same  sizes  as  those  of  Mr. 
Webb's  Dreadnought  class  of  passenger  engines,  about 
which  so  much  has  been  written. 

The  driving  wheels  of  the  engine  under  notice  are  5 
ft.  2/2  in.,  and  the  leading  wheels  3  ft.  9  in.  in  diameter. 
The  total  wheel  base  is  i\  ft.  6  in,,  of  which  14  ft.  is  the 
wheel  base  of  the  three  pairs  of  driving  wheels.  The 
boiler  is  worked  at  a  pressure  of  160  lbs.  per  square 
inch  and  has  1,099  square  feet  of  heating  surface,  of 
which  95  square  feet  is  firebox  surface,  and  1,004  square 
feet  tube  surface.  The  grate  area  is  17. i  square  feet,  and 
the  weight  of  the  engine,  empty,  is  43'i  tons.  The  tanks 
carry  1,400  gallons  of  water. 

Engines  of  this  class  are,  it  is  staled,  doing  very  good 
service  on  the  London  &  Northwestern  road.  Mr.  Webb 
promises  to  publish  hereafter  some  particulars  of  their 
work. 

A  Problem  in  Profit-Sharing. 


If  we  admit  that  sharing  of  profits  among  the  workmen 
will  benefit  both  employers  and  employed,  on  what  basis 
should  profits  be  divided  in  a  business  in  which  they  de- 
pend rather  upon  the  selling  than  upon  the  manufacturing 
department  ? 

Suppose  three  manufacturing  companies — A,  B  and  C 
—each  produces  per  year  100,000  of  an  article  which,  under 


average  conditions,  costs  $1  for  labor,  material  and  shop- 
expenses.  It  is  sold  by  advertising,  by  agents  and  by 
discounts  at  a  cost  of.  say,  §100,000  per  year.  The  average 
selling  price  is  $2. 10.  All  three  concerns  being  on  the 
same  footing,  each  makes  10  cents  profit  on  one  article, 
or  a  total  of  S' 0.000  avear. 

Suppose  that  the  inat  year,  the  average  selling  price  is 
reduced  to  $1.50.  A  then,  to  cheapen  production,  intro- 
duces the  profit  sharing  system,  and,  in  expectation  of 
sharing  profits,  the  workmen  become  so  much  more  effi- 
cient that  the  cost  of  production,  for  labor,  material  and 
shop-expenses,  is  reduced  to  75  cents,  the  stipulated  daily 
wages  being  reduced  5  per  cent.,  and  the  production 
increased  25  percent.  The  selling  organization  and  ex- 
penses remain  the  same  as  in  the  preceding  year,  being 
$100,000,  or  80  cents  on  each  of  the  125,000  articles.  The 
total  cost  for  production  and  sale  is,  therefore,  Si-55.  or  5 
cents  more  than  the  selling  price,  making  a  loss  of  S<J.250, 
and  no  profits  to  be  divided  among  the  workmen, 
although  their  wages  were  reduced  5  per  cent,  in  expecta- 
tion of  such  profits. 

B  puts  in  better  machinery,  runs  overtime,  pays  the 
same  wages  as  before,  doubles  its  product  and  reduces  the 
cost  of  production  to  80  cents.  More  liberal  advertising 
and  more  agents  increase  the  selling  expense  to  $120,000, 
which,  divided  by  200,000  articles  sold,  is  60  cents  each. 
The  profit  and  loss  account  then  shows: 

200,000  manufacturing  cost  at  80c $160,000 


Protit $20,000 

C  thinks  its  selling  department  costs  too  much,  cuts 
down  salaries,  commissions  and  advertising,  so  that  the 
yearly  expense  of  selling  is  reduced  to  $40,000  ;  does  not 
increase  the  quantity  of  business  as  A  and  B  did.  but  sells 
100.000.  No  change  being  made  in  manufacturing,  the 
article  costs,  as  before,  $1  each.     Result : 


A  has  the  most  efficient  workmen,  who  give  up  5  per 
cent,  of  their  wages,  and  reduce  the  cost  of  production  25 
per  cent.,  yet  these,  through  no  fault  of  their  own,  get  no 
profits,  and  less  wages  than  the  workmen  of  B  and  C.  B 
and  C  both  pay  their  workmen  as  before,  and  both  make 
a  profit  through  the  adoption  of  two  opposite  lines  of 
policy,  B  spending  money  more  liberally,  C  cutting  down 
expenses. 

Does  not  this  show  that,  if  profit-sharing  be  adopted 
where  selling  of  the  articles  is  entirely  separate  from 
making  them,  the  share  of  the  workmen  should  be  calcu- 
lated not  on  the  profits  of  the  whole  business,  but  on  the 
savings  in  the  manufacturing  department  alone.' 

A's  workmen  were  entitled  to  a  share  in  the  25  per  cent, 
which  they  saved  in  manufacturing;  and  if  the  selling 
department  had  been  managed  like  those  of  B  or  C  they 
would  have  obtained  it.  Had  B  and  C  adopted  the  profit- 
sharing  system  in  addition  to  change  of  policy  in  selling, 
their  profits  would  have  been  still  greater,  for  their  cost  of 
production  would  have  been  reduced. 

The  following  is  suggested  as  a  fair  basis  :  From  the 
statistics  of  a  year's  production  make  an  estimate  of  the 
cost  for  labor  and  shop-expenses.  Call  this  the  maximum 
allowable  cost  for  the  next  year.  Pay  the  same  daily  wages 
as  before,  and,  at  the  end  of  the  year,  in  addition,  a  certain 
percentage,  agreed  on  at  the  beginning  of  the  year,  of  the 
dift'erence  between  the  maximum  allowable  cost  and  the 
actual  cost,  if  there  has  been  a  saving.  It  might  be  fair 
to  deduct  from  the  maximum  cost  any  saving  clearly  due 
to  introduction  of  new  machinery  or  expenditure  of  capi- 
tal, and  not  to  increased  efficiency  of  workmen. 

The  following  is  an  example  under  this  method  : 

Shop  Labor  and 

No.  of  pieces  made.      Material.       Labor.     Expenses.      Total,  s.  ex.  only 
ist  year.        ico,ooo  $20,000        $60,000        $20,000        $100,000       $80,000 

Each  piece  costs  20c.  60c.  20c.  i.oo  80c. 

2d  year,        150.000  30,000  70,000  20,000  120,000  90,000 

Each  piece  costs  20c.  46%c.  I3^^c.  80c.  60c. 
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Maximum  allowable  cost  for  labor  aad  shop  expenses  150,000 

atSoC $130,0CO 

Actual  cost  150,000  at  60C go,ooo 

Saving $3o,oou 

This  saving  of  $30,000  is  to  be  aivided  between  the  em- 
ployers and  employes  in  proportions  previously  agreed 
upon.  The  shop  expenses,  including  rent,  taxes,  insurance, 
gas,  fuel,  wages  of  superintendents  and  clerks  in  manu- 
facturing department  and  wear  and  tear  of  machinery, 
are  properly  included  in  the  amount  upon  which  savings 
should  be  calculated  ;  since,  if  their  total  cost  is  a  fixed 
sum  per  year,  the  cost  per  piece  produced  depends  upon 
the  number  of  pieces  made,  and  hence,  to  a  great  extent, 
upon  the  efficiency  of  the  workmen.  The  cost  of  the  raw 
material  is  not  included,  because  this  depends  upon  fluc- 
tuations of  market,  and  to  some  extent  upon  foresight  and 
judgment  of  the  purchasing  department,  and  generally 
not  upon  the  efliciency  of  the  workmen.  Material  spoiled, 
or  excessive  waste  of  material,  might  be  charged  as  part 
of  cost  of  labor. 

By  this  method  the  profits  to  be  divided  among  the 
workmen  are  are  those  which  they  make  themselves  by 
more  rapid  work,  carefulness  in  avoiding  waste  and  by 
general  increase  of  skill.  It  removes  the  most  serious 
objection,  that  it  is  easy  for  the  capitalist  to  share  profits 
with  his  workmen,  but  impossible  for  the  workmen  to 
share  in  the  losses,  which  the  capitalist  must  bear  himself. 
It  makes  the  workmen  share  the  losses  if  there  are  any  in 
the  manufacturing  department,  m  which  department  alone 
the  workman  is  concerned.  He  shares  neither  the  profits 
nor  the  losses  of  the  purchasing  and  the  selling  depart- 
ments, with  which  he  has  nothing  to  do. 


Steel  Ties  on  the  Netherlands  State  Railroad. 


[Paper  by  M.  G.  Hraet,  Engineer 
Railroads,  in  the  BulUtin  of  the  In 

The  company  operating  the  Netherlands  State  Rail- 
road put  in  service  several  months  ago,  on  a  line  traveled 
by  express  trains  between  the  stations  of  Tilbourg  and 
Breda,  a  new  rail-section  carried  on  metallic  ties  of  the 
modified  Post  type. 

The  modified   Post  tie  has  the  form  of  an   inverted 


trough  of  a  regular  polygonal  section  (fig.  3)  with 
rounded  angles ;  its  lateral  faces,  which  are  at  an  oblique 
angle,  are  provided  below  with  a  small  rib  or  projection 
intended  to  facilitate  penetration  into  the  ballast.  The 
upper  surface  of  the  table  is  curved  at  the  ends  and  falls 
below  the  general  surface  of  the  tie  in  such  a  way  as  to 
take  hold  in  the  ballast,  and,  consequently,  to  oppose  the 
tendency  to  displacement  transversely  to  the  rail. 


The  lower  sides  of  the  tie,  which  are  horizontal  for  a 
distance  of  85  centimeters  f34>^  in.)  from  the  ends,  are 
arched  downwards  toward  the  middle,  in  such  a  way  as  to 
induce  the  lateral  faces  of  support  to  imbed  themselves  in 
the  ballast  and  thus  to  oppose  the  tendency  to  movement 
in  the  direction  of  the  length  of  the  rail. 

In  the  upper  surface  or  plan  of  the  tie,  the  top  or  table 
widens  at  the  ends  and  is  drawn  in  at  the  center.  The 
widening  at  the  end  furnishes  a  greater  supporting  surface, 
and,  consequently,  contributes  in  some  measure  to  the 
stabiHty  of  the  rail. 

As  to  this  narrowing  in  the  middle  of  the  tie,  M.  Post, 
the  Engineer  of  the  company,  sees  in  it  a  special  advan- 
tage for  roads  with  poor  ballast,  and  where  the  tamping 
is  little  cared  for.  In  roads  which  are  placed  under  such 
unfavorable  conditions,  the  tie,  if  of  uniform  size,  forces 
itself  down  into  the  ballast  and  often  finds  a  point  of  rest 
in  the  center,  causing  an  oscillation  or  rocking  movement 


of  the  track.  The  reduction  of  size  in  the  center  of  the  tie, 
while  diminishing  the  reaction  of  the  ballast  at  that  point, 
will  result  in  keeping  the  principal  resistance  at  the  outside 
near  the  rails.  At  the  same  time,  the  increase  of  height 
at  the  end  of  the  tie  increases  considerably  its  stiffness, 
and  keeps  it  from  bending  while  being  transported  to  the 
road  or  in  a  neglected  track. 

The  rails,  which  weigh  40  kilogrammes  to  the  meter 
(80  lbs.  per  yard),  are  secured  to  the  ties  by  clips  or 
washers,  of  a  form  shown  in  the  cut,  and  by  bolts  with 
Ibbotson  nut-locks. 

We  will  now  see  under  what  conditions  the  experiments 
with  steel  ties  are  made. 

A  model  section  of  576  meters  (1,890  ft.)  long  on  the 
modified  Post  ties  of  steel,  with  rails  12  meters  long  and 
weighing  40  kilogrammes  per  meter,  is  placed  between 
another  section  of  the  same  length  (576  meters)  laid  with 
rails  33.7  kilogrammes  to  the  meter  (68  lbs.  per  yard),  and 
9  meters  long,  on  Post  steel  ties  of  the  old  pattern,  10  tics 
to  each  length  of  rail,  and  a  standard  section  576  meters 
long,  with  rails  of  40  kilogrammes  to  the  meter  and  12 
meters  long,  laid  on  oak  ties  presenting  10  centimeters  of 
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bearing  to  the  rail.  Each  of  these  ties  is  furnished  with 
two  barbed  spikes  of  the  Post  pattern.  This  last  standard 
section  on  wooden  ties  is  followed  by  another  section  of 
576  meters  in  length,  with  rails  33.7' kilog.-ammes  to  the 
meter,  and  9  meters  long,  on  steel  ties  of  a  rectangular 
section. 

These  different  sections  are  on  a  grade  of  i  in  676,  and 
are  all  ballasted  with  line  gravel. 

From  the  preceding  statements  it  will  be  seen  that  each 
model  section  of  the  track  is  placed  next  to  a  standard  sec- 
tion of  road,  of  the  same  nature  from  the  point  of  view  of 
the  road-bed,  the  place  and  the  travel  being  under  condi- 
tions identical,  or,  at  least,  very  closely  similar.  This  trial, 
which  is  now  actually  in  progress  in  Holland,  is  then  a 
strictly  comparative  one  for  track  upon  metallic  ties  and 
track  upon  wooden  ties,  and  it  will  lead,  with  the  trials 
which  the  same  company  has  been  making  since  1S80,  on  its 
Liege-Limbourg  line,  to  results  which  should  be  absolutely 
sure  and  conclusive. 

Experiments  made  in  so  intelligent  a  manner  will  neces- 
sarily have  very  great  interest  for  railroad  managements 
which  intend  to  introduce  metallic  sub-structure  on  their 


standard  Post  tie  of  the  old  pattern  was  15.54  francs  per 
meter,  the  total  weight  of  material  being  132  kilogrammes 
per  meter.  (The  Post  improved  tie  weighs  132;+  lbs. 
without  clips  or  bolts.) 

We  understand  that  the  use  of  the  Ibbotson  nut-lock 
increases  by  about  8  per  cent,  the  price  per  meter  of  track, 
and  by  about  13  per  cent,  the  cost  of  the  tie  with  its 
attachments.  So  far.  the  new  tie  has  shown  verj'  good 
results  and  has  left  nothing  to  be  desired  in  the  way  of 
stability.  It  is  with  difficulty  that,  when  a  train  passes, 
the  slightest  movement  of  the  ties  can  be  noticed,  so  well 
are  they  anchored  in  the  ballast.  On  the  other  hand,  if 
one  can  judge,  the  cost  of  maintenance  appears  to  be  much 
below  that  of  ordinary  track  upon  wooden  tics. 

It  will,  however,  be  possible  to  decide  definitely  upon 
this  only  after  a  much  longer  experience. 

The  company  operating  the  Netherlands  State  railroads 
deserves  a  great  deal  of  credit  for  its  resolution  to  solve 
the  important  problem  of  metallic  sub-structure ;  efforts 
which  have  already  much  advanced  our  knowledge  on 
this  question.  Special  credit  is  due  to  M.  Post,  Engineer 
of  the  company. 


lines,  and  we  propose  to  follow  them  very  closely,  in  order 
that  we  may  be  able  finally  to  complete  the  present  notice 
by  an  announcement  of  the  results  obtained. 

It  remains  that  we  should  state  the  work  which 
these  different  sections  of  road  have  to  do,  and  indicate 
the  cost  of  the  track  on  the  Post  modified  plan.  Thanks 
to  the  kindness  of  M.  Post,  the  Engineer,  we  have  ascer- 
tained that  the  total  number  of  trains  passing  daily  from 
Tilbourg  to  Breda  is  22,  of  which  14  are  passenger  and  8 
freight  trains.  The  maximum  speed  is  that  of  the  mail 
train,  which  may  be  estimated  at  75  kilometers  (46,'^  miles) 
an  hour.  As  to  the  weight  of  the  heaviest  train,  it  is  about 
978  tons,  or,  perhaps,  with  the  engine  and  tender,  i  ,046  tons. 

The  cost  of  the  track  upon  metallic  ties  of  the  modified 
Post  type  is  about  as  follows,  the  weights  given  being  in 
kilogrammes ; 

Material  for  is.ooy  meters  of  track.  Post  inoiiifed  type. 


2  Steel  rails,  12  meters  long,  40  kilogrammes  per  meter.. 
2  Steel  joint-plates,  inside 

Isteelcros^-ties     °"'"'' 

, W 

Each. 

480.000 

11 

sight. , 

Total. 

21  360 

56  Steel  bolts,  with  Ibbotson  nut-locks 

8  Steel  joint-bolts,  with  Ibbotson  nut-locks 

Total  weight 

Weight  per  meter 

'^59-399 

The  cost  of  the  materials  delivered  at  Breda  was  20.39 
francs  per  meter  (S3. 60  per  yardi.  The  cost  with  clips  of 
steel,  ordinary'  bolts  and  Verona  nut-locks  was  18.89 
francs  per  meter  (83.33  per  yard".     The  cost  of  road  on  the 


We  understand  that  this  gentleman  is  now  designing  a 
new  form  of  his  tie,  which  he  calls  a  tie  of  the  "  drome- 
dary "form.  In  this  form  of  tie  ffig.  4j,  the  under  surface, 
which  is  imbedded  in  the  ballast,  forms  a  straight  line,  and 
the  top  of  the  tie  is  raised  or  arched  in  the  center  in  such 
a  way  that  this  central  part  never  finds  a  point  of  support 
upon  the  ballast. 

The  tie  above  referred  to  as  the  modified  Post  tie  is 
shown  in  figs,  i,  2  and  3  ;  fig.  i  showing  the  position  of 
the  rail  upon  the  ties;  fig.  2  a  longitudinal  section  of  the 
tie  upon  a  much  smaller  scale,  and  fig.  3,  cross  sections  of 
the  tie  at  various  points  of  its  length.  Fig.  4  shows  a 
longitudinal  section  of  the  new  or  "  dromedary  "  pattern 
of  tie. 

The  Netherlands  State  Company  intends  to  put  in  its 
track,  by  way  of  trial  during  the  present  year,  about  S,ooo 
ties  of  the  "'dromedary  "  pattern,  and  it  will  also  tn,-  sev- 
eral thousand  clips  or  washers  of  cast-steel,  which'  have 
thus  far  given  better  results,  although  the  price  is  much 
lower  than  those  of  wrought-iron. 


Note  On  the  Formation  of  Coal  from  Mine  Timber. 

tute  of  Mining  Engineers,  by  Mr.  E.  S. 

Members  of  the  Institute  who  have  visited  the  works 
of  the  Lackawanna  Iron  &  Coal  Company  at  Scranton 
will  remember  the  exposure  of  a  large  vein  of  anthracite 
coal  in  the  rocky  bank  on  the  south  side  of  Roaring 
Brook,  near  the  blast-furnace.     The  vein  is  quite  flat,  and 
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is  exposed  to  view  for  several  hundred  yards  along  the 
banlcs  of  the  brook,  a  few  feet  above  the  surface  of  the 
water.  It  is  some  10  ft.  in  thickness,  and  is  known  as  the 
Big  Vein.  At  a  point  just  opposite  the  blast-furnace, 
much  of  the  coal  from  this  vein  was  mined  out  many 
years  since,  the  usual  pillars  being  left  to  support  the 
overlying  rock  and  drift,  which  are  here  some  25  to  30  ft. 
in  thickness. 

Over  30  years  ago  fire  was  communicated  from  an  ore- 
roasting  pile  on  the  surface  of  the  ground  at  tills  point, 
through  an  old  shaft,  down  to  the  refuse  and  pillars  which 
had  been  left  in  the  mine  below.  Ineffectual  attempts 
were  made  at  that  time  to  extmguish  the  fire,  and  it  was 
finally  decided  to  seal  the  mine  up  and  smother  the  fire 
by  the  e.xclusion  of  air.  All  the  openings  were  walled  up 
tightly,  and  the  mine  was  left  undisturbed  until  a  couple 
of  years  ago,  when  it  was  thought  best  to  open  it  again 
and  e.xamine  its  condition.  It  was  found  to  be  still 
smouldering,  and  the  fire  burned  up  briskly  as  soon  as  air 
was  freely  admitted.  Systematic  measures  were  then 
taken  to  extinguish  the  fire  by  deluging  it  with  water,  and 
by  working  around  it  and  cutting  off  any  further  pro- 
gress. 

In  working  through  one  of  the  piles  of  mine-refuse, 
which  filled  the  vein  from  floor  to  roof  in  some  places, 
the  miners  came  upon  a  wooden  mine-prop  which  had 
become  curiously  altered.  The  lower  part  ol  the  prop 
was  well-preserved  wood,  showing  little  evidence  of  heat. 
Half  way  up  it  was  somewhat  charred  e.xternally  ;  above 
this,  for  some  distance,  it  consisted  of  extremely  soft 
charcoal,  which  crumbled  at  the  touch.  It  then  shaded 
into  hard  charcoal,  and  at  the  top,  where  it  showed  evi- 
dence of  great  compression,  it  was  changed  into  a  material 
resembling  mineral  coal  in  appearance.  The  change  was 
even  more  marked  in  the  wooden  wedge  which  was  on 
the  top  of  the  prop.  In  this  the  fibrous  structure  was 
still  quite  apparent,  but  the  cross-fracture  was  sharp  and 
conchoidal  like  that  of  anthracite  coal,  the  color  jet 
black,  and  the  luster  very  bright  and  glassy.  Its  specific 
gravity  was  1.38,  and  its  hardness  the  same  as  that  of 
anthracite.  It  burned  with  a  feeble  flame,  and  it  was 
thought  that  it  might  be  anthracite.  Analysis,  however, 
proved  that  such  was  not  the  case. 

An  analysis  of  pieces  of  the  prop  and  wedge,  made  by 
Mr.  A.  H.  Sherrerd,  shows  as  follows: 

Moisture  at  .00'  C 565 

Volatile  matter ,30s 

Fixed  carbon -;  nr, 

Ash '....'.'.'.['.'.'.'.'.'.i'.y.'.'.y.    oiso 

Total  ,00,00 

An  analysis  of  other  fragments  of  the  same  material, 
made  by  Messrs.  Booth,  Garrett  and  Blair,  gave  the  fol- 
lowing results: 

Water  at  212'-  F 6703 

Volatile  matter .  .,S 

Fixedcarbon f.: ! !: i! ::; !; i:!:;. i!:: !:  5,:4^ 

Ash \^6o 

Total loo.oco 

This  prop  was  imbedded  in  a  mass  of  mine-refuse, 
slate,  culm,  etc.,  and  the  weight  of  the  roof  had  crushed 
down  the  prop  until  the  roof-rock  rested  upon  the  pile  of 
refuse.  At  this  point  in  the  mine  the  fire  did  not  get  into 
the  lower  part  of  the  "gob,"  but  burned  a  little  near  the 
top.  The  conditions,  then,  which  produced  this  altera- 
tion in  the  upper  part  of  this  prop  were:  very  heavy 
pressure  from  the  superincumbent  mass  of  rock,  and  a 
smouldering  heat,  with  exclusionof  air  for  a  period  of  over 
30  years. 

Railroads  in  China. 

(From  the  New  Vori  Herald.) 

Our  Washington  advices  contain  two  significant  dis- 
patches from  the  American  consuls  at  Tien-Tsin  and  New- 
chwang,  China.  Mr.  Bandinel,  the  Vice  Consul  at  New- 
chwang,  refers  to  the  floods  recently  prevalent  over  the 
extreme  northern  districts  of  China.  In  some  of  the  vil- 
lages half  of  the  dwelling  places  had  been  swept  away. 
The  deaths  from  starvation  were  numerous,  and  the  people 
were  red  uced  to  eating  grass  grown  for  feed  ing  cattle.     M  r 


Smithers,  the  Consul  at  Tien-Tsin,  reports  that  a  proclam- 
ation had  been  issued  by  Li  Hung  Chang,  the  Viceroy  of 
the  Northern  Provinces,  in  which  Pekin,  the  capital  of 
China,  is  situated,  directing  the  building  of  a  railroad  100 
miles  long. 

There  is  an  essential  relation  between  these  two  stories 
which  would  have  made  an  impression  years  ago  upon  the 
minds  of  any  statesmen  less  conservative  than  those  who 
govern  China.  If  the  railroad  which  Li  Hung  Chang  now 
contemplates  had  been  in  operation  between  Ncwchwang 
and  Tien-Tsin  there  would  have  been  no  such  famine  as 
that  reported  by  Mr.  Bandinel.  Food  could  readily  have 
been  transported  from  the  Shanghai  and  other  districts, 
where  there  is  no  such  liability  to  floods  as  exists  in  the 
wide,  open,  frost  bounds  plains  which  sweep  into  Mongolia 
and  upward  toward  Siberia  and  the  North  Pole.  There 
is  scarcely  a  spring  when  we  have  not,  from  Northern 
China,  reports  as  distressing  as  those  now  printed  by  the 
Department  of  State.  In  the  interest  of  humanity,  there- 
fore, it  will  be  a  gratification  to  know  that  China'has  ven- 
tured upon  the  policy  outlined  in  the  proclamation  of  the 
Viceroy  Li,  and  that  famines  will  not  be  imminent  with 
the  floods  of  every  recurring  spring.  The  high  position  of 
the  Viceroy,  the  foremost  subject  of  China  in  rank  and 
authority— the  Bismarck  of  the  Empire,  as  it  were — gives 
special  value  to  his  mandate. 

The  proposed  railroad,  Mr.  Smithers  informs  the  Depart- 
ment of  State,  is  to  connect  Tien-Tsin,  Taku,  and  Kaeping. 
This  road  will  hold  the  same  relation  to  the  future  railroad 
system  of  China  as  a  road  from  Philadelphia  to  Cape  May 
would  hold  to  the  present  railroad  system  of  the  United 
States.  Tien-Tsin,  a  city  of  about  800,000  inhabitants,  is 
the  commercial  metropolis  of  Northern  China  and  virtually 
the  gateway  to  Pekin,  the  imperial  capital,  some  80  miles 
in  the  interior.  Tien-Tsin  is  about  100  miles  from  the 
sea,  at  the  head  of  navigation  on  the  Taku  River.  Taku 
is  a  small  collection  of  hamlets  at  the  river  mouth,  and 
will  be  remembered  as  the  scene  of  the  hostilities  between 
China  and  Great  Britain  which  led  to  the  opening  of  Pekin 
to  the  foreign  legations.  Kaeping  is  a  coal  mine,  about 
40  miles  from  Tien-Tsin,  where  there  is  already  a  small 
experimental  railroad,  built  some  years  ago  by  the  present 
Viceroy.  The  railroad  proposed  by  Li  Hung  Chang  will 
run  over  a  low.  alluvial,  seaboard  country,  rich  in  agricul- 
tural resources,  and  probably  touching  the  vast  coal  and 
iron  deposits  of  the  Chihli  provinces.  It  will,  however, 
only  connect  Tien-Tsin  with  the  seaboard  for  the  summer 
months,  as  in  winter  the  northern  provinces  of  China  are 
locked  in  frost  and  ice.  As  it  now  is.  after  the  ice  sets  in 
it  takes  the  mails  18  days  to  go  from  Shanghai  to  Pekin  on 
ponies — a  distance  traversed  in  four  days  when  navigation 
is  open.  It  will  require  a  railroad  of  800  miles  to  bring 
Tien-Tsin  within  all  the  year  round  seaboard  communica- 
tion. The  nearest  navigable  point  to  insure  this  would  be 
either  Chefoo  or  Chinkiang,  the  Gulf  of  Chihli  not  being 
navigable  in  winter. 

If  Li  Hung  Chang  succeed  in  building  his  Tien-Tsin  & 
Taku  Railroad  without  any  interference  from  the  gods  of 
the  winds  and  the  waters,  or  various  occult  influences  which 
have  so  often  disturbed  Chinese  enterprise  and  statesman- 
ship, we  may  expect  a  trunk  line  from  Pekin  to  Shanghai 
along  the  line  of  the  Grand  Canal — say,  in  round  numbers, 
about  1. 000  miles.  This  would  be  equivalent  to  a  line 
from  Boston  to  Richmond.  The  second  line  would  be 
from  Shanghai  to  Canton,  which  would  be  like  from  Rich- 
mond to  New  Orleans.  The  third  to  Hankow — the 
Chicago  or  the  St.  Louis  of  interior  China.  It  is  quite 
probable  that  these  three  grand  trunk  lines,  as  the  skeleton 
of  the  proposed  system,  are  in  contemplation,  and  that 
what  Li  Hung  Chang  now  contemplates  is  but  an  experi- 
ment to  familiarize  the  rulers  and  people  of  China  with 
railways  before  venturing  upon  his  greater  work. 

If  the  Viceroy  is  supported  in  his  purposes  and  the  aims 
of  his  proclamation  are  realized,  then  this  news  from  Mr. 
Consul  Smithers  is  the  most  important  intelligence  we 
have  printed  for  many  a  day.  We  know  of  no  event  that 
can  have  so  great  a  bearing  upon  the  future  of  Asia,  and 
in  time,  by  the  laws  of  political  economy,  upon  that  of 
Europe,  than  the  opening  of  this  vast  Chinese  Empire  to 
railroads  and  the  radical,  sweeping  forces  of  civilizatiorv 
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which  are  sure  to  follow.  From  the  time  of  Mr.  Burlin- 
game  it  has  been  the  policy  of  the  American  government, 
as  represented  by  our  ministers  in  Pekin,  to  urge  railroads 
upon  China.  In  the  Burlinganie  Treaty  special  reference 
was  made  to  the  subject,  and  nothing  but  the  traditional 
conservatism  of  the  Chinese  character,  together  with  eco- 
nomic problems  of  the  gravest  kind,  occasioned  by  the 
density  of  population,  and  tlie  social  dangers  that  miglit 
arise  from  the  unavoidable  interference  by  railroad  opera- 
tions with  ancient  and  accustomed  methods  of  transporta- 
tion and  industry,  has  prevented  railroad  building.  In 
18S4,  however,  when  China  was  at  war  with  France  and  on 
the  verge  of  a  war  with  Japan,  which  the  friendly  advice  of 
President  Arthur  did  more  than  anything  else  to  prevent, 
the  Viceroy,  Li  Hung  Chang,  realized  the  weakness  of  the 
Empire  because  of  the  absence  of  a  railroad  system.  He 
then  communicated  to  tlie  American  Government  his 
resolution  to  adopt  railroads  as  soon  as  peace  gave  breath- 
ing time  to  China.  We  are  glad  to  learn  that  he  has  held 
to  this  resolve  and  made  a  beginning. 

Underground  Telegraphy  in  England. 


London,  England,  by  Charles  1 


I  Telegraph  Engii 


In  the  year  1816,  Mr.  (afterward  Sir  Francis)  Ronalds 
laid  his  first  e.xperiniental  line  underground,  in  his  garden 
at  Hammersmith,  and  convinced  himself,  at  least,  of  the 
practicability  of  establishing  telegraphic  communication 
by  means  of  insulated  wires  placed  beneath  the  earth's 
surface.  A  small  book  published  by  him  in  1823,  entitled 
"  Description  of  an  Electric  Telegraph,  and  of  some  other 
Electrical  Apparatus,"  gives  a  full  account  of  the  experi- 
ments referred  to.  A  trough  of  wood  about  2  in.  square, 
well  lined  inside  and  out  with  pitch,  was  placed  in  a 
trench  525  ft.  long  and  4  ft.  deep;  lengths  of  stout  glass 
tube  were  joined  together  by  means  of  shorter  lengths  of 
similar  tube  of  somewhat  greater  diameter,  the  joints  be- 
ing made  with  soft  wa.x  to  allow  for  expansion  and  con- 
traction caused  by  the  variation  of  temperature.  A  copper 
wire  was  drawn  through  the  glass  tube,  and  the  tube  was 
imbedded  in  pitch,  the  covering  being  screwed  down 
while  the  pitch  was  hot.  Mr.  Ronalds  further  suggested 
that  wires  should  be  buried  in  iron  troughs,  in  trenches  6 
ft.  deep,  in  the  middle  of  the  high  roads,  and  if  there  was 
any  fear  of  the  communication  being  interfered  with  by 
any  mischievous  person  or  persons,  two  different  routes 
should  be  chosen.  Testing  stations  should  be  established 
along  the  route,  and  linemen  stationed  at  these  points 
ready  to  start  out  after  faults  at  any  moment,  should  there 
be  a  necessity  for  so  doing.  He  recommended  that  offices 
should  be  opened  all  over  the  country,  and  evidently  fore- 
saw the  immense  advantages  that  would  be  derived  by  the 
Government,  as  well  as  by  the  commercial  world,  in  the 
employment  of  what  he  considered  so  "  diligent  a  courier  " 
as  electricity. 

Messrs.  Cooke  and  Wheatstone  took  out  their  first 
patent  in  1837,  for  "  Improvements  in  giving  signals  and 
sounding  alarms  in  distant  places,  by  means  of  electric 
currents  transmitted  through  metallic  circuits."  In  this 
patent  they  included  a  plan  for  laying  down  subterranean 
wires,  and  in  the  same  year  established  communication  be- 
tween Euston  Square  Station  and  Camden  Town,  by  means 
of  five  copper  wires  let  into  five  grooves  cut  longitudin- 
ally in  a  piece  of  timber,  the  wire  being  covered  with 
cotton  and  passed  through  a  preparation  of  resin,  and 
after  being  placed  in  the  grooves,  tongues  of  wood  were 
placed  over  them  to  make  all  secure,  and  the  whole  was 
then  covered  with  pitch  and  buried  in  the  earth,  between 
the  above-named  points. 

The  second  patent  taken  out  by  these  pioneers  included 
placing  wires,  made  up  into  cables,  in  iron  piping;  this 
was  in  1838.  During  the  following  yeara  lineof  five  wires 
in  an  iron  tube  was  put  down  on  the  Great  Western  Rail- 
way from  Paddington  to  West  Drayton,  and  afterward  on 
to  Slough. 

Conductors,  covered  with  cotton  and  passed  through 
different  solutions,  were  tried  in  a  variety  of  ways,  some 
being  suspended  and  others  buried  in  pipes,  but  very  great 


difficulties  were  experienced  in  preserving  the  dielectrics; 
weak  places,  being  traced,  would  be  repaired  with  India- 
rubber  tape  and  a  solution  of  the  same  material.  This 
kind  of  work  was  being  done  near  the  Stepney  Station,  on 
the  Blackwall  Railway,  when  Mr.  Hatcher— then  Engineer 
to  the  Electric  Telegraph  Company — introduced  to  the 
lineman  a  piece  of  lead  tubing  containing  several  wires 
covered  as  above. 

The  first  line  of  wires  erected  upon  poles  for  commer- 
cial purposes,  was  from  Nine  Elms  toGosport;  this  was 
before  the  London  &  Southeastern  Railway  was  extended 
from  Nine  Elms  to  Waterloo  Station.  The  Electric  Tele- 
graph Company  opened  its  first  office  at  345  Strand,  and 
decided  to  lay  the  wires  underground  from  that  point  to 
Nine  Elms  Station.  Two  lead  tubes,  about  ^  in.  in  diam- 
eter, covered  with  tarred  yarn,  each  tube  containing  four 
copper  wires  wrapped  with  two  layers  of  thick  cotton,  and 
the  tube  filled  with  a  mixture  of  tar,  resin  and  grease, 
were  drawn  into  a  3-in.  cast-iron  socket  pipe.  The  lead 
tubes  were  originally  150  ft.  in  length.  Alter  the  wires 
had  been  joined,  a  piece  of  lead  tube  of  larger  gauge,  en- 
circling the  pipe,  was  drawn  over  the  joints  and  soldered 
at  each  end.  A  portion  of  this  tube,  recently  dug  up, 
was  found  to  be  in  excellent  condition,  the  tar  being 
quite  fresh. 

In  the  year  1843,  a  specimen  of  gutta-percha  was  first 
introduced  into  England  by  Dr.  W.  Montgomery,  but  up 
to  1845  only  a  few  hundredweights  had  been  exported 
from  Singapore.  Since  that  date  many  thousands  of  miles 
of  wire  have  been  covered  and  buried  beneath  the  surface 
of  the  earth,  or  submerged  in  the  sea.  The  quantity  of 
gutta-percha  imported  into  London  alone  during  the 
three  years  ended  December  31,  1886,  amounted  to  6,700 
tons.  Messrs.  Keene  &  Nickels  received  a  small  quantity 
of  gutta-percha  from  Singapore  during  1845,  and  this  ap- 
pears to  have  been  the  first  imported  into  England.  This 
firm  ultimately  sold  their  patent  for  processes  in  working 
gutta-percha  to  the  Gutta-Percha  Company,  Wharf  Road, 
City  Road. 

During  the  following  two  years  Mr.  Hancock  took  out 
patents  for  cutting,  cleansing  and  pressing  gutta-percha 
through  rollers;  but  no  mention  is  made  of  covering  tele- 
graph wire  in  any  patent  up  to  the  end  of  iS  ,7. 

To  Professor  Faraday  credit  has  been  given  for  haviiig 
announced  that  gutta-percha  was  an  excellent  dielectric, 
and  in  the  beginning  of  1848  patents  were  taken  out  for 
covering  wires  with  it.  The  first  patent  taken  out  in 
England  for  this  purpose,  so  far  as  I  can  learn,  was  by 
Messrs.  Barlow  and  Foster,  the  plan  suggested  being  as 
follows:  The  wire  was  placed  between  two  heated  fillets 
of  gutta-percha,  and  made  to  adhere  by  passing  between 
two  rollers.  In  the  same  year,  Mr.  John  Lewis  Ricardo, 
Chairman  of  the  Electric  Telegraph  Company,  patented  a 
machine  with  a  pair  of  grooved  rollers,  through  which 
the  wires  passed,  placed  parallel  between  the  fillets,  the 
action  of  the  rollers  being  to  bite  nearly  through  the 
gutta-percha  and  allow  of  the  several  wires  so  covered 
being  easily  separated. 

These  early  machines  did  not  do  their  work  with  the 
same  regularity  as  those  in  use  at  the  present  time,  for  it 
frequently  happened  that  instead  of  the  covering  being 
smooth  and  uniform,  it  was  found  to  be  thicker  at  inter- 
vals—so much  so,  that  it  had  to  be  pared  down  with  a 
sharp  knife. 

The  directors  of  the  Electric  Telegraph  Company, 
having  discovered  that  the  Strand  was  not  the  best  posi- 
tion for  their  chief  office  in  London,  resolved  to  build  a 
central  station  at  the  end  of  Founders'  Court,  Lothbury. 
This  was  formally  opened  January  I,  1848.  From  this 
office  a  circuitous  line  of  3-in.  cast-iron  socket  pipes  was 
laid,  chiefly  under  the  footways. 

When  these  pipes  were  first  laid  down,  wires  covered 
with  cotton,  passed  through  one  of  the  preparations  in 
use  prior  to  the  introduction  of  gutta-percha,  were  drawn 
into  the  pipes;  but  for  these  wires  were  soon  substituted 
the  wires  covered  with  gutta-percha. 

The  first  section  of  line  in  London  into  which  gutta- 
percha-covered  wires  were  drawn  was  from  Lothbury  to 
Shoreditch,  in  1849;  and  this  was  followed  by  the  line  to 
Euston  and  King's  Cross.     The  wires  that  were  first  drawn 
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in  were  covered  with  gutta-percha  by  one  of  the  processes 
already  described,  and  failed,  owing  to  the  gutta-percha 
seam  opening  longitudinally  and  exposing  the  conductor. 

At  this  date  a  large  number  of  experiments  were  made  ; 
wires  of  iron,  brass  and  copper  were  covered  with  gutta- 
percha ;  in  some  cases  single  wire,  in  others  three  wires, 
and  as  many  as  seven  wires  were  enclosed  in  a  solid  core. 
Oreat  improvements  were  rapidly  introduced,  and  copper 
wire  of  No.  16  n.  w .  gauge  was  covered  with  solid  /,'uita- 
percha  ol  excellent  quality,  up  to  No.  i  and  3  gauge  ;  and 
by  August,  1854.  no  less  than  1 5  miles  of  pipes,  containing 
350  miles  of  wire  insulated  with  gutta-percha,  had  been 
put  into  working  order  in  London  alone  for  the  Electric 
Telegraph  Company. 

The  pipes  used  by  this  company  were  of  cast-iron,  3  in. 
in  diameter,  and  cast  with  a  flat  surface  on  one  side,  upon 
which  were  the  initials  E.  T.  C.  Across  Hyde  Park  the 
pipes  were  of  earthenware,  the  joints  being  made  with  clay. 

In  1850,  the  success  of  the  Electric  Telegraph  Company 
induced  some  enterprising  capitalists  to  form  rival  com- 
panies, one  of  which — the  Submarine  &  European  Tele- 
graph Company — laid  a  line  of  si.x  gutta-percha  covered 
wires  from  London  to  Dover.  This  line  was  completed 
by  November  i,  1852.  In  1S53,  the  British  Telegraph 
Company  commenced  burying  six  gutta-percha  covered 
wires  along  the  high  roads  from  London  to  Liverpool,  via 
Birmingham  and  Manchester,  the  latter  place  being 
reached  by  March  i,  1854,  and  Liverpool  during  the  same 
year. 

The  Magnetic  Telegraph  Company,  in  1853.  laid  10  wires 
as  far  as  Liverpool,  and  6  wires  between  Liverpool  and 
Portpatrick.  Underground  wires  were  also  laid  between 
Cork  and  Oueenstown. 

These  \v"ires  were  buried  in  a  wooden  troughing  of 
about  3  in.  outside,  with  a  groove  about  1  in.  square, 
having  a  lid  of  tne  same  material ;  this  was  fastened  down 
with  nails  after  the  wires  had  been  placed  in  the  trough- 
ing. The  iron  troughing  was  of  about  the  same  dimen- 
sions externally,  but,  of  course,  allowed  more  space  for  the 
wires  inside  ;  the  lids  were  of  iron. 

When  cast-iron  pipes  were  used  in  towns,  they  were 
very  similar  to  the  iron  troug-Ziing.  being  cast  in  two 
pieces ;  they  were  patented  by  both  Mr.  Reid  and  Mr. 
Henley,  and  are  known  as  Reid's  &  Henley's  split  pipes. 
The  wires  were  in  some  instances  laid  in  troughing  with- 
out any  protection  beyond  the  gutta-percha,  but  in  other 
cases  they  were  protected  by  two  layers  of  tarred  yarn  laid 
on  in  opposite  directions.  The  whole  of  the  stores  appear 
to  have  been  of  the  very  best  quality. 

The  underground  line  of  the  Electric  Telegraph  Com- 
pany, laid  along  the  side  of  the  London  &  Northeastern 
Railway,  from  London  to  Manchester  and  Liverpool,  was 
somewhat  different  from  those  just  described.  The  pipes 
were  of  earthenware,  the  joints  being  made  with  clay.  At 
intervals  of  i  50  ft.  split  earthenware  pipes  of  larger  diam- 
eter were  fixed,  to  allow  of  the  wires  being  drawn  in.  An 
iron  wire  was  passed  through  the  pipes  as  they  were  being 
put  together,  for  the  purpose  of  drawing  the  cables 
through. 

From  London  to  Watford  four  wires  only  were  drawn 
in,  but  these  had  to  be  increased  to  eight,  which  number 
was  continued  on  to  Liverpool. 

The  work  of  constructing  these  different  systems  was 
finished  by  the  beginning  ol  1S55.  and,  after  a  very  short 
life,  in  1S57-58  they  w^ere  condemned,  and  wires  on  poles 
substituted.  This  applied  to  all  the  underground  lines 
laid  from  London  to  the  provinces  in  1853. 

When  the  greater  portion  of  the  wires  were  taken  up  in 
1857  and  1S58,  a  few  sections  were  allowed  to  remain, 
especially  in  and  near  London.  Portions  of  these  lines 
have  been  recovered  at  different  periods,  in  different 
localities,  and  under  various  circumstances.  Some  of  the 
gutta-percha  wires,  that  have  been  buried  for  more  than 
30  years,  are  now  in  first-class  condition,  but  where  this 
is  the  case  they  have  been  found  wrapped  in  two  layers 
of  tarred  yarn,  and  laid  in  iron  casing  or  split  pipes.  The 
same  cannot  be  said  of  that  found  in  wood  troughing,  ex- 
cept under  special  surroundmgs.  There  is  every  reason 
to  believe  that  the  gutta-percha  used  to  cover  these  wires 
was  the  real  material,  and  was  not  subjected  to  anything 


akin  to  the  so-called  improvements  in  manufacture  of  late 
years. 

Although  the  insulating  material  was  good,  yet  there 
were  many  faults  in  the  wire  previous  to  its  being  buried. 
Probably  owing  to  some  fault  in  the  machinery  used  (or 
covering  the  wire,  the  copper  wire  got  elongated  and 
pressed  in  the  form  of  a  loop  through  the  gum  ;  many 
such  places  were  discovered  when  the  wires  were  recovered 
and  examined. 

The  wire  used  by  the  Electric  Telegraph  Company  on 
the  London  &  Northwestern  Railway  was  covered  with 
gutta-percha,  and  then  each  wire  was  served  with  tape. 
After  this  wire  was  delivered  on  the  railway  at  Watford, 
it  was  passed  through  a  bath  of  hot  tar  and  sand  ;  while 
the  drums  were  moving  at  a  regular  pace,  a  serviceable 
jacket  of  tar  and  sand  was  given  to  the  wire,  but  when 
anything  happened  to  interrupt  the  continuity  of  this 
operation  the  portion  left  in  the  bath  was  exposed  to  a 
temperature  sufficient  to  melt  the  gutta-percha,  and  the 
wire  passed  out  covered  with  tape,  tar  and  sand  only. 
Adequate  care  was  not  exercised  in  protecting  the  wire 
from  the  heat  of  the  sun.  it  being  allowed  to  remain  lying 
on  the  banks  of  the  railway  uncovered  for  a  considerable 
period,  so  that  the  copper  wire  got  out  of  the  center,  and 
in  some  cases  became  exposed  altogether.  After  the 
cables  had  been  put  in  place,  the  drawing-in  holes  at  every 
150  ft.  were  left  uncovered,  and  the  ends  of  the  wires  left 
exposed  waiting  for  the  jointers  to  come  and  make  the 
permanent  joints,  and  the  split  couplings  to  be  put  on. 

The  means  adopted  to  preserve  the  wires  were  defec- 
tive. Knowledge  derived  from  a  series  of  observations 
points  to  the  fact  that  split  pipes,  whether  of  wood  or  iron, 
are  not  equal  to  the  requirements  of  a  subterranean  line 
of  telegraph  wires.  Wood  troughing  is  subject  to  dry 
rot,  and,  therefore,  various  expedients  have  been  resorted 
to  with  the  view  of  preserving  the  timber  ;  but  some  of 
these  preservers  act  injuriously  upon  the  wire,  causing  the 
insulation  to  be  destroyed.  When  the  line  is  placed  near 
to  trees,  especially  oak  trees,  the  surrounding  moisture  is 
absorbed  for  a  considerable  distance  ;  this  applies  to  lines 
constructed  of  either  wood  or  split  iron  pipes.  Special 
circumstances  may  arise  that  would  make  it  expedient  to 
use  wooden  troughing,  but  where  there  is  an  absence  of 
such  special  conditions  solid  cast- iron  pipes  are  to  be  pre- 
ferred. In  London,  split  pipes  are  a  source  of  danger,  for, 
since  the  chief  thoroughfares  have  been  paved  with  wood 
or  asphalt,  the  gas  that  escapes  in  considerable  quantities 
from  the  gas  companies'  mains  accumulates  under  the  sur- 
face and  finds  its  way  into  these  half-pipes,  and  thence  into 
our  junction  boxes,  causing  much  annoyance  and  incon- 
venience. I  have  known  cases  where  the  accumulation 
of  gas.  collected  through  split  pipes,  has  been  so  great 
that  it  has  been  necessary  to  open  the  box  some  minutes 
before  the  jointer  could  light  his  lamp  with  safety. 

Where  earthenware  pipes  have  been  used  instead  of 
iron,  it  has  been  done  for  economical  reasons  only.  Such 
a  line  was  laid  some  years  ago  from  opposite  St.  George's 
Hospital,  Knightsbridge,  across  Hyde  Park,  to  Tyburn 
Gate,  the  joints  being  made  w'ith  clay.  Another  section 
of  the  original  line  laid  in  1851  between  the  site  of  the 
exhibition'of  that  year  and  the  Serpentine  Bridge  was  of 
earthenware.  Some  years  ago  the  16  wires  that  were 
drawn  in  when  the  line  was  laid,  had  to  be  drawn  out  to 
allow  of  the  number  being  increased.  Much  difficulty 
was  experienced  in  moving  the  old  wires,  and  it  became 
necessary  to  break  one.  and  by  laying  it  over  the  trench 
to  trace  the  locality  of  the  obstacle;  when  this  was 
done,  and  the  ground  opened,  it  was  found  that  the  root 
of  a  tree,  about  10  ft.  long,  had  found  its  way  through  the 
clay  with  which  the  joints  of  the  pipes  were  made,  and 
had  entwined  itself  around  the  cable  in  such  a  manner 
as  to  hold  it  fast.  I  need  scarcely  say  that  the  gutta- 
percha had  entirely  perished  at  this  point.  Pipes  of  this 
description  are  always  more  liable  to  be  damaged  by  the 
operations  of  the  gas,  water  or  hydraulic  power  com- 
panies' workmen,  when  opening  the  ground  to  get  to  their 
mains,  than  solid  cast-iron  pipes. 

Another,  and  I  think  the  chief,  cause  of  the  rapid  decay 
of  the  lines  referred  to,  was  the  rapidity  with  which  the 
work  was  carried  out.     All  the  companies  were  racing  to 
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get  tliroui,'h  to  ilie  provinces  as  soon  as  it  was  possible, 
and  there  is  no  doubt  that  this  led  to  the  work  being  done 
without  the  necessary  supervision  being  given. 

At  the  present  time  it  is  found  necessary  to  place  ex- 
perienced men  to  watch  the  work  as  it  proceeds,  for  where 
this  has  not  been  done  the  work  has  proved  to  have  been 
unsatisfactorily  carried  out.  When  this  is  taken  in  con- 
nection with  the  fact  that  the  majority  of  the  men  em- 
ployed on  these  works  were  totally  ignorant  of  the  neces- 
sity of  the  greatest  care  being  exercised,  and  the  utter 
impossibility  of  the  few  able  men  to  be  everywhere  along 
the  works  at  the  same  time,  it  is  not  surprising  that  these 
early  lines  had  to  be  so  soon  abandoned. 

VVe  now  come  to  a  very  important  epoch  in  connection 
with  the  telegraph  systems  of  this  country — the  transfer 
of  the  telegraphs  to  the  Post  Office.  This  took  place  in 
the  beginning  of  1870,  when  all  the  ditTerent  companies' 
lines  were  diverted  to  the  central  office  of  the  Electric 
Telegraph  Company  in  Telegraph  Street,  Moorgate  Street. 
This  work  was  carried  out  under  the  direction  of  Mr. 
Henry  Eaton,  now  the  Superintending  Engineer  of  the 
Metropolitan  District. 

After  the  concentration  had  been  effected  it  was  soon 
discovered  that  nearly  all  the  lines,  with  the  exception  of 
those  in  solid  cast-iron  socket  pipes,  were  deficient  in  in- 
sulation ;  and,  as  the  various  methods  of  construction  did 
not  provide  for  renewals  to  be  made  without  opening  the 
ground,  they  were  gradually  abandoned,  and  the  number 
of  wires  in  the  3-in.  cast-iron  socket  pipes  of  the  late 
Electric  Telegraph  Company  increased  to  meet  the  ever- 
expanding  requirements  of  the  service. 

Previous  to  the  completion  of  the  new  Post  Office  in 
1874,  the  pipes  and  wires  passing  north,  south,  east  and 
west  of  the  new  building  were  led  through  the  basement 
and  up  to  the  instrument  gallery,  where  they  terminated 
in  a  very  extensive  test-box,  the  terminals  being  numbered 
from  I  to  1. 000. 

The  change  from  the  old  office  having  upset  all  the 
numbers  in  the  joint-boxes  in  the  streets,  it  was  con- 
sidered necessary  to  renumber  the  whole,  and  thus  make 
the  numbers  in  the  boxes  correspond  with  the  new  test- 
box.  This  was  carried  out  so  perfectly  that  the  whole  of 
the  circuits  were  diverted  to  tlie  new  office  in  a  very  few 
hours  on  the  night  of  January  17,  1S74,  without  the 
slightest  interruption  to  the  ordinary  traffic. 

At  this  date  the  length  of  pipes  in  the  Metropolitan 
District  was  about  100  miles,  and  the  total  length  of  wire 
in  the  pipes  was  3.000  miles.  Shortly  after  this  time  an 
agitation  was  started  against  the  over-house  wires,  and  it 
was  decided  by  the  Post  Office  authorities  that  a  new 
line  of  3-in.  cast-iron  pipe  should  be  laid  down,  and  100 
miles  of  wire  drawn  into  it,  in  place  of  126  miles  of  over- 
house  wire. 

This  was  the  first  piece  of  work  carried  out  in  London 
with  the  view  of  reducing  the  over-house  system  belong- 
ing to  the  Post  Office,  and  this  was  supplanted  by  others, 
until  all  the  main  lines  of  over-house  wires  had  been  re- 
moved. 

The  chief  portion  of  this  work  was  finished  before  the 
introduction  of  the  telephone,  which  must  be  held  ac- 
countable for  the  damages  apprehended  from  the  extra- 
ordinary network  of  wires  suspended  over  the  chief 
thoroughfares  of  the  city,  and  to  a  lesser  extent  the  sub- 
urbs, of  London.  It  has  had  also  the  eiTect  of  largely 
increasing  the  mileage  of  underground  wires,  for  it  was 
soon  found  that,  for  a  telephone  to  work  well  underground, 
two  wires  must  be  used  instead  of  one,  and  after  many 
experiments  it  was  found  that  much  better  results  were 
obtained  by  the  use  of  four-wire  twisted  cable  covered 
with  tape,  two  of  the  wires  being  used  diagonally  for  the 
telephone  circuit,  thereby  overcoming  the  effects  of  in- 
duction. Twenty  of  these  four-wire  cables,  equal  to  80 
conductors,  are  now  generally  drawn  into  one  3-in.  cast- 
iron  pipe,  some  of  them  forming  part  of  the  original  lines 
laid  down  40  years  ago,  in  1847;  judging  from  what  I 
have  seen  when  the  wires  were  drawn  out  for  increasing, 
there  is  no  reason  to  think  that  they  are  likely  to  give 
trouble  for  many  years  to  come. 

At  the  beginning  of  1880.  an  experimental  line  of  i^/j- 
in.  wrought-iron  pipe  and  30  No.  18  B.  w.  g.  copper  wires 


c.ich  covered  with  manilla,  and  the  whole  made  up  into 
a  cable  and  covered  with  a  braid  of  the  same  material, 
was  laid  for  the  Post  Office  under  the  direction  of  the 
patentee,  Mr.  David  Brooks,  of  Philadelphia,  the  insula- 
tion being  obtained  by  tilling  the  pipe  with  oil  after 
drawing  in  the  cable.  After  this  line  had  been  completed, 
the  wires,  with  one  or  two  exceptions,  gave  very  good 
results  as  regards  insulation,  but  from  the  first  there  was 
a  very  great  loss  of  oil,  and  this  continued  more  or  less, 
although  every  effort  was  made  to  trace  and  repair  the 
leaks.  Although  the  cost  of  construction  and  mainten- 
ance has  been  very  heavy,  it  appears  to  me  that  this ' 
system  is  worth  a  further  trial  under  more  favorable  con- 
ditions ;  for  instance,  along  a  country  road,  where  it  might 
form  part  of  a  through  line,  and  where  the  pipes  would 
not  be  subject  to  such  frequent  disturbance  as  in  the 
crowded  streets  of  London. 

Several  very  large  extensions  to  the  boundary  of  the 
Metropolitan  District,  and  even  beyond  it,  as  we'll  as  the 
great  increase  in  wires  for  private  use,  have  increased  the 
mileage  from  100  miles  of  pipe  and  3.000  miles  of  wire  in 
1874  to  240  miles  of  pipe  and  12,000  miles  of  wire;  an 
average  of  50  wires  through  the  entire  length  of  pipes. 
The  total  weight  of  copper  buried  in  the  Metropolitan 
District  amounts  to  over  200  tons,  and  that  of  gutta- 
percha to  250  tons. 

In  the  main  thoroughfares  near  the  General  Post  Office 
the  wires  are  very  numerous.  Thus,  through  Little 
Britain  there  are  two  3-in.  pipes  containing  109  wires; 
A.ldersgate,  two  pipes,  160  wires;  Gresham  Street,  two 
pipes,  150  wires;  Cannon  Street,  two  pipes,  16S  wires; 
Cheapside,  one  4-in.  and  two  3-in.  pipes,  and  242  wires  ; 
Ludgate  Hill,  one  -j-in.,  three  3-in.  pipes,  350  wires  ;  New- 
gate Street,  two  4-in.  and  three  3-in.  pipes,  with  over  400 
wires. 

These  numbers  have  been  reached  through  gradual  in- 
crements, the  practice  being  to  put  into  a  new  pipe  as 
many  wires  as  are  actually  required  for  the  special  service, 
with  a  small  percentage'  of  spare  wires,  and  as  soon  as 
these  have  been  appropriated  for  new  circuits,  to  increase 
the  number  by  drawing  out  the  existing  wires  and  replac- 
ing them  by  a  cable  with  additional  conductors.  This 
class  of  work  is  continually  being  carried  out  in  different 
parts  of  London,  to  meet  the  great  increase  in  telegraph 
and  telephone  business. 

During  the  last  15  years  nearly  every  section  of  line  has 
been  disturbed,  either  for  the  purpose  of  removing  faults 
which  sometimes  trouble  us  in  or  near  the  flush-boxes, 
through  the  necessarily  frequent  exposure  of  the  gutta- 
percha to  variations  of  temperature  caused  by  the  linemen 
getting  new  wires  through,  etc.,  or  by  the  necessity  of  in- 
creasing the  number  of  conductors,  as  occasion  may  arise. 
So  much  of  this  work  has  been  done  that  it  would  be 
difficult  at  the  present  time  to  point  out  any  portion  of 
line  that  has  not  been  interfered  with  during  the  above 
period. 

The  advantages  of  being  able  to  replace  the  working 
wires  by  a  greater  number  without  seriously  interrupting 
the  communication  must  be  evident  to  all  ;  but  this  is 
easily  accomplished  where  the  lines  are  constructed  of 
3-in.  cast-iron  socket  pipes,  with  boxes  either  fixed  flush 
with  the  surface  or  buried  beneath  the  pavement  at  inter- 
vals of  150  to  300  ft.  according  to  the  size  of  the  cable  to 
be  drawn  in. 

After  many  years' experience,  and  with  a  full  knowledge 
of  the  many  schemes  which  inventors  have  brought  for- 
ward from  lime  to  time,  I  do  not  know  of  any  plan  which 
can  be  compared  with  the  present  system  for  simplicity, 
utility  and  durability. 


Standard  Sizes  of  Lumber  for  Freight-Cars. 

The  following  report  was  presented  at  the  Master  Car- 
Builders'  Convention  in  Minneapolis  by  a  Committee 
consisting  of  Messrs.  William  Forsyth,  Fraftk  J.  Hecker 
and  W.  R.  Davenport : 

In  recommending  a  few  standard  sizes  of  lumber  for  the 
principal  members  of    freight-car  frames,  the  Committee 
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does  not  expect  to  change  existing  dimensions  on  many 
of  the  larger  roads.  Its  principal  object  is  to  present  to 
the  railroad  public  a  bill  of  material  which  this  Association 
can  recommend  to  new  roads  having  no  adopted  standard, 
and  to  other  roads  which  are  about  to  change  from  30.000 
or  40,000  lbs.  capacity  to  a  car  of  larger  capacity.  It  is 
the  hope  of  the  Committee,  therefore,  that  the  larger 
roads  having  standard  sizes  which  they  do  not  intend  to 
change  will  not  oppose  a  measure  which  will  do  them  no 
harm  in  the  matter  of  car  interchange,  and  may  do  others 
much  good. 

The  principal  advantage  which  railroad  companies 
would  derive  from  uniform  sizes  of  car  lumber  is  the  use 
of  dry,  seasoned  lumber  on  contract  cars. 

By  far  the  largest  number  of  freight  cars  are  now  built 
by  contract  in  the  individual  shops.  When  cars  are  built 
by  the  railroad  companies  in  their  own  shops,  the  lumber 
is  taken  from  their  own  yard,  where  the  standard  sizes 
may  be  kept  on  hand  several  years,  and  when  used  it  is 
thoroughly  seasoned.  With  the  present  diversity  of  sizes 
for  the  frames  of  cars  for  the  different  roads,  it  is  almost 
impossible  for  the  contract  shops  to  keep  in  stock  such  a 
variety  of  lumber  as  will  suit  any  order  they  may  get. 
The  result  is  that  in  most  cases  the  lumber  is  not  bought 
until  the  order  is  secured  for  cars,  and  it  frequently  hap- 
pens that  it  is  not  sawed  until  that  time. 

It  is  not  an  uncommon  practice  to  build  cars  from  lum- 
ber which  a  month  before  was  in  the  mill-pond  in  the  form 
of  logs. 

The  evil  effect  of  this  practice  is  well  known  to  car- 
builders,  and  it  is  undoubtedly  the  worst  feature  of  con- 
tract cars.  As  the  lumber  dries  and  shrinks  m  the  car 
the  whole  frame  becomes  loose,  and  the  life  of  the  car  is 
materially  reduced  not  only  by  the  working  of  loose  joints, 
but  by  the  premature  decay  of  the  lumber  itself,  when  it  is 
put  together  and  painted  before  it  is  dry. 

It  is  a  well-known  fact  also  that  kiln- dried  lumber  is  not 
as  strong  as  seasoned  lumber,  and  it  will  rot  quicker. 

If  standard  sizes  were  adopted,  the  contract  shops  could 
keep  on  hand  a  sufficient  stock  of  lumber  to  allow  it  to 
season  one  or  two  years,  and  the  railroads  could  then  ob- 
tain by  contract  a  much  better  car  than  they  usually  do. 

It  is  possible  to  specify  a  certain  maximum  amount  of 
moisture  in  car  lumber,  and  to  obtain  lumber  to  such 
specification,  by  measuring  the  amount  of  moisture  in 
sample  borings. 

The  borings  from  about  a  cubic  foot  of  wood  are  placed 
on  a  vial  and  weighed  on  a  chemist's  balance ;  they  are  then 
evaporated  to  dryness  and  weighed  again,  the  per  cent,  of 
loss  noted  representing  the  water  driven  off.  In  this  way 
the  fluctuation  of  moisture  during  the  process  of  season- 
ing has  been  obtained  for  oak,  ash  and  pine,  and  it  is 
shown  in  the  diagram  which  accompanies  this  report. 

Green  oak  as  received  m  the  yard  contains  45  to  50  per 
cent,  water,  and  after  a  year's  seasoning  it  still  contains 
over  30  per  cent.  Norway  pine  from  the  mills  contains 
over  25  per  cent,  water,  and  a  year's  seasoning  reduces  it 
to  10  or  1 2  per  cent.  Pine  should  be  seasoned  at  least  one 
year,  and  oak  two  years  to  avoid  excessive  shrinkage  and 
early  decay.  The  amount  of  water  in  lumber  may  be  taken 
as  a  direct  measure  of  the  length  of  time  it  has  seasoned. 

The  majority  of  cars  now  building  are  34  ft.  long,  so 
that  one  dimension  of  the  long  sills  may  be  regarded  as 
settled  for  the  time.  New  equipment  is  also  largely  cen- 
tering about  a  capacity  of  50,000  lbs.,  and  we  recommend 
sizes  suitable  for  that  capacity.  These  sizes  are  not  extra 
large  for  cars  of  40.000  lbs.  capacity,  and  they  are  sufficient 
for  one  of  60,000  lbs.  The  additional  strength  required 
for  the  latter  can  easily  be  obtained  by  the  use  of  a  deeper 
truss  made  of  iron  of  larger  diameter. 

We,  therefore,  recommend  the  following  bill  of  lumber 
for  principal  members  of  car  body  for  34  ft.  box,  stock 
and  flat  cars,  capacities  40,000  lbs.,  50,000  lbs.  and  60,000 
lbs.: 

Under  Frame: 

Six  long  sills,  5x9  in.,  finished  Norway  pine. 

Two  end  sills,  7x9  in.,  finished  oak. 

Two  cross  ties,  4x9  in.,  finished  oak. 

Four  draw  timbers,  ^}i  x  "jyi  in.,  oak. 

Flooring,  1%  in.  thick,  5  to  10  in.  wide,  Norway  pine. 


Upper  Frame: 

For  the  same  cars  as  above,  excepting  flat  cars: 

Eight  door  and  corner  posts,  4  x  4)^  in.,  finished  oak. 

Twenty-four  pieces,  intermediate  posts  and  braces,  4x3 
in.,  finished  oak. 

Two  end  plates,  3x12  in.,  finished  oak. 

Ten  carlines.  \^i   x  9  in.,  finished  oak. 

Two  side  plates,  3x7  in.,  finished  Norway  pine. 

We  recommend  also  that  the  above  sizes  be  submitted 
to  the  Association  for  approval  by  letter  ballot,  as  stand- 
ards for  freight-car  lumber. 


Among  the  visitors  at  the  convention  of  the  Master  Car- 
Builders'  Association,  held  in  Minneapolis  in  June,  was 
the  venerable  Robert  Hale,  who  for  a  number  of  years 
was  the  General  Superintendent  of  the  Chicago  &  Alton 
Railroad  and  who  before  that  time  occupied  responsible 
positions  on  other  roads.  He  is  now  Secretarj'  of  the 
Board  of  Trade  in  Minneapolis,  but  like  all  ex-railroad 
officers,  he  is  still  enterested  in  the  profession  of  his 
earlier  years. 

Mr.  Hale  is  the  inventor  and  patentee  of  a  machine  for 
cutting  and  bending  metal  bars,  such  as  truck-frames, 
coupling-links,  etc.,  and  several  other  devices  to  be  used  on 
railroads,  including  a  safety  car-heater.  With  reference 
thereto  Mr.  Hale  writes  as  follows: 

I  inclose  with  this  one  copy  of  the  work  explanatory  of  the 
machine  for  shaping  by  pressure,  straightening,  etc.  The  work 
explains  the  merits  claimed.  Also  official  printed  copies  of  the 
letters-patent  covering  the  improvements  (dated  June  16,  1874, 
Aug.  28,  1877,  Xov.  20,  1S77).  In  addition,  at  the  end  of  the  book 
is  attached  a  circular  issued  by  me  10  years  ago  for  an  improve- 
ment in  car-heaters,  which  was  patented  immediately  after 
the  Ashtabula  accident,  when  so  many  lives  were  lost  by  the 
fall  and  the  burning  of  the  cars,  as  has  been  too  frequently 
repeated  in  the  past  year  or  two.  The  improvements  in  the 
machine  are  covered  by  three  letters-patent  and  the  heater  by 
one — four  in  all. 

As  a  piece  of  professional  liberality  on  my  part,  having  de- 
voted 35  years  of  my  early  business  life  to  the  management  of 
railroads,  in  all  the  different  departments  of  service,  from  the 
lowest  to  the  highest,  and  having  been  intimately  acquainted 
with  most  of  the  earlier  generation  (now  nearly  gone)  of  rail- 
road officials  and  managers,  and  desiring  to  aid  (even  in  a  small 
degree)  those  engaged  in  the  profession,  and  the  interests  they 
are  so  devotedly  serving,  I  assigned  the  right  (or  donated  the 
right)  to  the  following  roads,  and  will  donate  the  same  to  any 
other  roads  that  may  desire  to  use  the  improvements. 

The  assignments  (as  per  copy  inclosed)  give  the  right  to  any 
and  all  roads  to  build  and  use,  but  not  to  build  or  jc//,  neither  to 
purphase  of  outside  parties  who  have  mc/ obtained  the  right  Xo 
build,  as  there  are  now  parlies  who  are  infringing  these  patents 
at  their  peril. 

The  saving  of  expense  to  railroads  by  the  use  of  these 
machines  would  in  the  aggregate  be  a  large  sum — but  to  me 
/.•r,w«r!//i' nothing.     *    »    *     *  Rob't  Hale. 

P  S. — I  will  add  that  the  patents  for  the  machine  were 
examined  by  the  Secretary  and  Attorney  of  the  Western  Rail- 
road .Association,  who  reported  that  they  did  not  infringe  any 
patents   previously  granted  and   that  they  were  valid  patents. 

R.  H. 

Assignments  of   R.   Hale's  Patents  for  Bending  Machinery, 
etc.,  made  to  the  following  railroads — donated  : 
J.^NUARY  2,  1882. 

1.  Chicago,  Milwaukee  &  St.  Paul  (4  patents)  '79. 

2.  Chicago  &  Alton. 

3.  Illinois  Central. 

4.  Chicago  &  Northwestern. 

5.  Chicago,  Rock  Island  &  Pacific. 

6.  Chicago  Burlington  &  Quincy. 

7.  Michigan  Central. 

S.  Lake  Shore  &  Michigan  Southern. 

9.  Northern  Pacific. 

10.  Wabash,  St.  Louis  &  Pacific. 

11.  St.  Paul,  Minneapolis  &  Manitoba. 

12.  Chicago,  St.  Paul,  Minneapolis  &  Omaha. 

13.  Pennsylvania,  and  leased  lines. 

14.  New  York  Central  &  Hudson  River. 

15.  New  'Vork,  Lake  Erie  &  Western. 
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16.  Atchison,  Topeka  &  Santa  F6. 

17.  Central  Pacific. 

18.  Union  Pacific. 

19.  Baltimore  &  Ohio. 

20.  Boston  &  Albany. 

21.  Eastern. 

22.  Boston  &  Maine. 

23.  Old  Colony. 

34.   Boston  &  Providence. 

25.  Boston  it  Lowell. 

26.  Concord,  and  Manchester  ^:  Lawrence. 

27.  Northern  (New  Hampshire). 

28.  Central  Vermont. 

29.  New  York  &  New  England. 

Late  English  Torpedo  Experiments. 

Some  interesting  experiments  made  in  torpedo  attack 
and  defence  by  the  English  Navy,  recently,  are  described 
by  the  London  Times,  whose  account  is  given  below. 
The  vessel  was  the  old  iron-clad  Resistance,  and  the  ex- 
periments were  made  in  Fareham  Creek,  near  Ports- 
mouth. 

As  the  machinery  was  not  in  use  and  there  was  no  steam 
in  the  boilers,  the  effect  of  the  jar  upon  the  steam-pipes, 
glands  and  feed  connections  will  remain  a  matter  of 
speculation.  So  far  as  the  consequences  of  the  burst  upon 
the  structure  ot  the  hull  itself  is  concerned,  every  care 
has  been  taken  to  make  the  ordeal  as  complete  and  in- 
structive as  possible.  The  wing  passage,  which  has  a 
maximum  diameter  of  3  ft.,  diminishing  to  a  point,  is  left 
empty,  although  at  the  former  experiments  the  lower 
portions  were  filled  with  coal.  But  behind  this,  and  at  a 
distance  of  8  ft.  from  the  wing  bulkliead,  a  longitudinal 
or  fore-and-aft  steel  bulkhead  ^s  in.  thick,  has  been  worked 
to  a  length  of  61  ft.,  and,  with  the  coal  with  which  the  in- 
tervening compartment  is  packed,  forms  (as  in  recent 
armor-clads)  a  solid  rampart  20  ft.  high,  for  the  defense 
of  the  engine-room.  The  height  of  the  double  bottom  be- 
tween the  outer  and  inner  skin  plating  is  2><  ft.  The  water- 
tight compartments  are  divided  into  stations  by  means  of 
vertical  lightening  plates  pierced  by  three  holes,  and  in 
order  to  make  them,  as  far  as  was  practicable,  resemble 
the  bracket  frames  of  a  modern  armor-clad,  the  center  of 
the  plates  was  cut  away  so  as  to  leave  a  single  oval  hole 
instead  of  the  three  circular  holes  previously  referred  to. 
So  far  no  objection  can  be  taken  to  the  means  adopted  to 
test  the  actual  effects  of  a  torpedo  exploding  against  the 
unarmored  parts  of  a  ship-of-war.  But  in  extending  and 
strengthening  the  under-water  protection  of  the  Resist- 
ance, the  practical  value  of  the  experiments  is  discounted. 
As  is  well-known,  Sir  Edward  Reed  has  suggested  a 
means  of  meeting  the  attack  of  the  ram  and  the  torpedo 
by  armor-plating  the  inner  bottom.  As  to  this  device. 
Sir  Nathaniel  Barnaby  has  expressed  his  want  of  faith  in 
its  utility  for  the  Xavy  after  having  seen  the  plan  worked 
out  by  Sir  Edward  Reed.  The  ex-Director  of  Naval  Con- 
struction was  of  opinion  that  the  true  defense  for  us 
against  the  increasing  power  of  the  under-water  attack 
lay  in  numbers  of  ships.  In  view  of  the  difference  of 
opinion  which  exists  on  the  part  of  experts  on  the  subject 
of  under-water  protection,  the  officers  of  the  Vernon  de- 
termined to  submit  the  problem  to  the  test  of  experiment. 
For  this  purpose  steel  armor  i>i  in.  thick  has  been 
worked  along  the  outside  of  the  upper  skin  of  the  double 
bottom  throughout  one  of  the  compartments,  in  addition 
to  the  other  protection  mentioned.  But  however  desirable 
it  might  be  to  practically  determine  the  value  of  Sir  Ed- 
ward Reed's  suggestion,  it  is  evident  that  it  ought  not  to 
be  subjected  to  experiment  until  the  resisting  power  of 
the  other  defenses  had  been  ascertained.  We  have  no 
ships  protected  against  under-water  attack  by  armor-plat- 
ing, and  hence,  by  combining  armor  with  the  ordinary 
protection,  the  present  demonstration  as  a  test  of  the 
worth  of  the  existing  under-water  structures  on  board 
ship  loses  much  of  its  significance. 

The  Resistance  has  been  brought  down  by  iron  ballast  to 
a  trim  of  25  ft.  9  in.  aft  and   19  ft.  7  in.   forward,  giving  a 


mean  draught  of  22  ft.  8  in.  She  is,  consequently,  rather 
further  down  by  the  stern  than  before,  but  is  in  other  re- 
spects the  same.  When  in  commission  the  Resistance  had 
a  mean  draught  of  26  ft.  10  in.  But  however  desirable  it 
might  have  been  to  immerse  her  to  her  original  load  line, 
the  thing  was  rendered  impracticable  from  the  want  of 
water  in  the  creek.  The  present  series  of  experiments 
promises  to  be  of  even  greater  importance  than  the  first 
series.  The  attack  will  be  gradually  developed  by  means 
of  fixed  and  outrigger  charges  of  increasing  power,  and 
the  coup  de grace  will  not  be  given  by  means  of  a  service 
Whitehead  torpedo  in  actual  contact  until  various  lessons 
have  been  derived.  The  opening  experiments  yesterday 
consisted  of  an  attack  directed  against  a  new  system  of 
torpedo  defense,  which  are  to  be  carried  by  ships  in  ac- 
tion, or  when  in  expectation  of  an  attack,  rather  than  an 
assault  upon  the  ship  itself.  The  previous  experiments 
had  clearly  demonstrated  that  a  Whitehead, when  projected 
against  a  vessel  at  close  range,  and  consequently  with  a 
maximum  of  motive  force,  could  not  get  through'the  ordi- 
nary wire  netting  before  expending  its  explosive  energy 
in  the  air,  and  that  the  spars  by  which  the  nets  are 
boomed  out  from  the  ship's  side  could  be  reduced  to  25  ft. 
in  length  without  danger  to  the  hull.  The  ordinary 
wooden  booms  employed  on  board  ship,  however,  are 
heavy  and  unwieldy,  weighing  as  they  do  more  than  half 
a  ton  each.  In  ordinary  circumstances  the  spars  cannot 
be  lowered  into  place  and  the  nets  made  taut  in  less 
than  a  couple  of  hours,  and  the  work  of  stowing  them  is 
equally  slow  and  laborious.  Mr.  Bullevant,  who  manu- 
factures the  torpedo  netting  and  hawsers  for  the  Navy, 
has  devised  a  method  of  getting  rid  of  the  difficulties 
complained  of  by  substituting  steel  booms  for  the  wooden 
booms  and  an  arrangement  of  pulleys  and  runners, 
whereby  the  protection  can  be  run  out  and  in,  topped  and 
brailed  up  out  of  the  way,  with  great  lacilily.  The 
system  was  tried  at  Portsmouth  last  year  with  consider- 
able success  upon  the  Dido,  but  as  it  was  thought  that 
some  of  the  fittings  were  somewhat  frail  and  might  col- 
lapse beneath  the  shock  of  a  live  torpedo  it  was  resolved 
to  submit  them  to  a  practical  test  under  service  con- 
ditions upon  the  Resistance.  The  ship  was  consequently 
fitted  with  three  of  the  steel  booms  on  the  port  side. 
They  were  32  ft.  long  and  spaced  45  ft.  apart,  and  con- 
nected by  a  jackstay  to  which  the  nets  were  attached. 
Each  steel  boom  weighed  5  cwt.,  or  less  than  half  the 
weight  of  the  ordinary  boom,  and  whereas  the  latter  is 
fixed  to  the  ship's  side  by  a  hook  which  is  liable  to  be 
disconnected  or  broken  by  the  jerk  of  an  exploding  tor- 
pedo. Mr.  Bullevant's  boom  works  in  a  universal  or 
socket  joint,  which  cannot  get  out  of  gear  except  by  frac- 
ture, and  which  permits  the  boom  to  be  moved  in  any  direc- 
tion, whether  vertically  or  fore  and  aft,  close  in  against  the 
sides.  Below  each  boom  is  a  flange,  which  serves  as  a 
line  along  which  a  traveler  moves,  the  latter  being 
actuated  by  means  of  a  topping  line  running  over  a 
pulley  at  the  head  and  another  near  the  heel.  Upon  the 
booms  being  topped  to  a  perpendicular  position  the  nets 
are  attached  to  the  runners  at  the  bottoms  of  the  booms 
close  inboard  (instead  of  under  the  existing  system  to  the 
tops  of  the  booms  from  the  boats  alongside  or  otherwise), 
and  when  this  is  done  the  mere  depression  of  the  booms 
into  position  will  cause  the  nets  to  run  out  of  their  own 
accord.  In  like  manner,  when  the  occasion  for  their  use 
has  passed,  the  rising  of  the  boom  will  cause  the  nets  to 
come  alongside,  when  they  can  either  be  brailed  up 
through  the  grummets  or  disconnected  for  future  use. 
The  action  of  the  gear  is  so  simple  and  rapid  that  the 
torpedo  protection  can  be  always 'ready  without  arresting 
the  way  of  the  ship.  As  a  length  of  net  30  ft.  by  20  ft. 
deep  weighs  about  30 cwt.,  it  will  also  be  seen  that  the  re- 
duction of  strains  by  working  the  crinolines  from  the 
heel  instead  of  the  head  of  the  boom  is  considerable. 

The  attack  by  the  Whitehead  upon  the  booms  and  net- 
tings was  made  shortly  before  2  o'clock,  June  9,  at  the 
time  of  high  tide.  The  proceedings  were  understood  to 
be  of  a  strictly  confidential  character,  but  facilities  were 
granted  to  the  dockyard  officers  and  also  to  the  naval 
and  military  officers  belonging  to  the  port  and  garrison  to 
witness  them,  although  no  measures  were  taken  to  inform 
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them  as  to  the  nature  and  value  of  the  experiments.  The 
whole  affair  occupied  a  very  few  minutes.  As  soon  as  the 
red  pennant  was  stuck  on  board  to  show  that  Mr.  Bulle- 
vant  was  satisfied  with  the  arrangements  and  that  the  tar- 
get was  ready,  the  antiquated  torpedo  vessel  Visir,'/i/s  got 
under  way,  and,  after  circling  around  the  doomed  hulk, 
discharged  a  Whitehead  against  the  netting  from  her 
under-vvater  low  torpedo  tube  at  an  approximate  range  of 
50  yards.  As  on  former  occasions,  the  missile  was  one  of 
the  old  i6-in.  pattern,  but  it  was  understood  that  the 
charge  of  gun-cotton  had  bei-n  reduced  to  S7  lbs.,  so  that 
the  net  protection  should  not  bear  a  greater  strain  than 
would  be  the  case  in  actual  hostilities.  The  torpedo, 
which  was  set  to  a  depth  of  about  10  ft.,  struck  the  net  in 
the  middle  and  threw  up  an  immense  spout  of  water,  but 
without  gettmg  to  the  ship,  which  was  apparently  unin- 
jured. Although  it  hit  the  net  immediately  below  the 
center-boom,  no  fracture  occurred,  and  the  points  re- 
mained intact.  It  may  also  be  mentioned  that,  although 
at  the  short  range  the  torpejlo  would  spin  through  the 
water  at  from  30  to  40  horse-power,  and  would  deliver  a 
formidable  blow  upon  the  net,  the  thrust  was  effectually 
resisted,  though  as  a  matter  of  course  the  net  was  much 
torn  by  the  explosion  of  the  bafHed  projectile. 

The'  second  torpedo  attack  upon  the  Res/s/aiut'  was 
made  June  10,  and,  although  the  offensive  power  that  was 
brought  to  bear  was  quite  exceptional,  the  victory  so  far 
remains  with  the  ship.  So  unquestionably  is  this  the 
case  that  the  shipbuilding  department  are  naturally 
elated,  and  even  go  so  far  as  to  doubt  whether  the  torpedo 
officers  will  be  able  to  destroy  the  old  ship  by  any  legiti- 
mate or  other  means  susceptible  of  practical  application 
in  time  of  war.  The  hulk  is  perfectly  motionless.  The 
enemy  can  deliver  his  attack  without  interference  on  the 
part  of  the  attacked,  he  can  execute  his  operations  in  his 
own  time,  he  can  employ  his  most  expert  and  capable 
torpedoists  (professors  of  the  art,  in  fact),  he  can  use 
whatever  charges  he  likes,  and  can  place  them  just  where 
he  thinks  they  will  do  the  most  mischief.  Nor  must  it 
be  forgotten  that  the  target  in  this  instance  is  not  a  fresh 
one.  It  has  been  tattered  and  torn  by  previous  conflicts 
with  submarine  enemies,  and  has  had  its  honored  scars 
plastered  over  on  the  inside  by  planking  and  other  sur- 
gical artifices,  and  yet,  with  all  these  great  advantages  in 
favor  of  the  attack,  the  Reststaiut'  continues  not  only 
afloat,  but  is  to  all  appearance  as  tight  as  a  bottle,  with 
the  exception  that  a  few  trivial  runlets  have  managed  to 
find  a  passage  in  the  region  of  the  old  sores.  The  charge 
exploded  yesterday  was  an  exceptionally  heavy  one.  It 
consisted  of  220  lbs.  of  gun  cotton.  It  was  conse- 
quently more  destructive  than  any  which  is  ever  likely 
to  be  launched  against  an  armor-clad  much  better  pre- 
pared to  resist  it  than  the  obsolete  and  time-worn  Ke- 
sistance. 

Mr.  Bullevant's  patent  booms  and  runners,  which  were 
found  to  be  scarcely  anything  the  worse  from  the  ordeal 
of  the  previous  day,  were  again  used.  The  damaged  net 
was  taken  away,  and  one  of  the  old  service  grummet 
nets  slung  in  its  place,  the  cylinders  containing  the  gun 
cotton  being  attached  to  the  jackstay  immediately  in 
front  of  the  battered  sides  and  30  ft.  from  the  hulk,  and 
sunk  to  a  distance  of  20  ft.  below  the  water-line,  which 
would  bring  it  about  opposite  the  bend  of  the  bilge.  By 
3  o'clock,  or  half  an  hour  after  the  time  fixed,  everything 
was  ready  for  the  explosion  of  the  charge,  everybody  had 
cleared  out  of  the  ship,  while  the  surrounding  small  craft 
drew  off  to  a  distance  of  300  ft.  The  charge  was  electri- 
cally fired  from  a  pinnace.  The  burst  was  terrific,  and 
the  reverberation  was  heard  and  the  shock  distinctly  felt 
in  the  dockyard.  But  the  remarkable  thing  was  that 
the  hulk  did  not  appear  to  jump  in  the  least,  although 
there  was  not  more  than  6  It.  of  water  under  her  keel. 
That  she  would  not  be  seriously  crippled  by  the  discharge 
seems  to  have  been  accepted  as  a  foregone  conclusion 
by  Captain  Long  and  the  other  torpedoists,  as  the  day 
for  the  third  experiment  had  been  fixed  in  advance,  but 
that  the  steel  booms,  with  their  double-flange  running 
ways,  stays,  travelers  and  hinges,  should  have  resisted  the 
tremendous  jar  and  upheaval  was  a  genuine  surprise  for 
all  concerned,  and  goes  far  to  prove  that,  except  a  vessel 


be  taken  unaware,  it  will  be  impossible  for  a  torpedo  to 
come  into  actual  contact  with  it.  At  the  experiments 
last  year,  the  wooden  booms  were  unhinged  and  splin- 
tered under  a  much  less  violent  shock  than  that  of  yester- 
day. But  the  steel  booms  employed,  though  somewhat 
bent,  remained  unbroken  and  in  position,  and  the  joints 
were  quite  uninjured.  All  that  is  necessary  for  perfect 
defense  is  that  the  booms  should  be  made  a  little 
heavier. 

At  the  third  trial,  June  13,  the  torpedo  operators  attack- 
ing the  Resistance  exploded  95  lbs.  of  gun  cotton  20  ft. 
below  the  water  and  in  contact  with  her  double  bottom. 
This  amount  of  explosive  represents  the  full  charge  of 
the  old  pattern  i6-in.  Whiteheads,  but  as  the  hulk  was, 
for  prudential  reasons,  moored  close  to  a  mud-bank,  and 
as  the  water  was  consequently  much  too  shallow  to  allow 
of  a  locomotive  torpedo  being  set  to  run  at  the  required 
depth,  a  fixed  charge  was  lashed  fore  and  aft  against  the 

I  bottom  plating  of  the  ship  and  electrically  exploded  from 
No.  95  torpedo  boat. 

{  In  previous  experiments  this  year,  the  ironclad  was 
attacked  on  the  port  side,  which  had  been  specially 
strengthened  for  the  occasion,  and  the  result,  as  we  have 
pointed  out.  was  a  victory  for  the  defense.  This  time  the 
starboard  side  was  selected  for  attack,  in  order  that  a 
comparison  might  be  instituted  with  the  effects  produced 
under  different  conditions  by  a  similar  experiment.  Last 
year,  in  the  latter  case,  the  double  bottom  was  filled  with 
coal ;  this  year,  the  double  bottom,  which  is  about  1%  ft. 
deep,  was  ke^jt  empty  and  the  torpedo  placed  in  immediate 
contact  with  it,  in  such  a  manner  that,  being  overhung 
by  the  contour  of  the  hull,  the  ship  would  feel  the  full 
force  of  the  upward,  as  well  as  the  lateral,  energy  of  the 
charge.  The  importance  of  the  experiment  was  obvious, 
for,  although  it  had  been  ascertained  that  torpedo  nets 
were  capable  of  protecting  a  battle-ship  from  the  bursts 
of  the  heaviest  locomotive  and  outrigger  charges,  it 
might  happen,  of  course,  that  the  nets  would  be  rent  or 
displaced  by  shell  fire  or  swept  away  by  a  grazing  ram  or 
even  attacked  by  a  double  torpedo,  the  second  passing 
through  the  gashes  made  by  the  explosion  of  the  first  in 
any  case. 

j  It  was  of  urgent  necessity  that  the  effect  of  a  torpedo 
bursting  in  immediate  contact  with  a  ship's  bottom 
should  be  practically  and  clearly  determined.  The 
charge  was  fired  just  before  5  o'clock,  in  the  wake  of  the 
boilers,  and  it  was  soon  perceived  that  something  of  a 
fatal  character  had  taken  place,  from  the  appearance  of 
coal  dust  sweeping  up  through  the  hold.  The  report 
had  not  the  dull  boom  to  which  the  spectators  had  be- 
come accustomed.  Instead  of  this,  the  gun  cotton  ex- 
ploded with  a  sharp,  angry,  whistling  noise,  while  the 
manner  in  which   the   mud  was  churned  up  showed  that 

I  the  force  of  the  rebound  was  terrific.  The  ship  lifted 
bodily  near  the  stern,  after  which  it  was  seen  to  leisurely 
heel  over  to  starboard  some  eight  or  ten  degrees,  and 
finally  repose,  though  not  until  the  tide  fell,  upon  the 
mud.  The  old  hulk  had  been  mortally  wounded  at  last. 
A  complete  knowledge  of  the  disaster  which  has  over- 
taken her  will  not  be  obtained  until  a  careful  investiga- 
tion has  been  made  of  the  hull  in  dock.  But,  from  a 
hasty  exploration  which  was  conducted  on  board,  it  was 
evident  that  the  shot  had  not  only  dislocated  the  inner 
plating  of  the  double  bottom,  but  had  penetrated  the 
bunker  compartment,  stored  as  it  was  with  coal,  that  the 
water-tight  doors  and  compartments  had  ceased  to  oper- 
ate, and  that  water  was  flowing  into  the  hull  through  a 
hundred  crevices.  To  such  an  extent  was  this  the  case, 
that,  though  a  strong  working  party  was  at  hand,  ready 
for  any  emergency,  it  was  deemed  useless  to  attempt  to 
free  tlie  ship  of  water  until  her  gashes  had  been  tempo- 
rarily closed  from  outside.  When  this  has  been  done, 
she  will  be  pumped  out  and  brought  into  dock  for  care- 
ful examination.  From  what  has  been  said,  it  will  be 
seen  that,  while  the  explosion  of  95  lbs.  of  gun  cotton 
in  actual  contact,  last  November,  simply  crippled  the 
Resistanct.  the  explosion  of  a  like  charge,  at  the  same 
spot  and  under  approximately  the  same  conditions,  has 
in  this  instance,  not  simply  disabled,  but  really  sunk  the 
ship. 
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THE   RUNNING   GEAR. 

TRLXKS. 

When  trucks  were  first  used  in  this  country,  it  was  con- 
sidereil  very  essential  that  their  axles  should  be  as  near  together 
as  possible,  and  from  figs.  12  to  22  (pages  43-46,  January  num- 


Excepting  as  they  are  shown  in  the  small  engravings  of  the 
engines,  no  drawings  of  the  early  trucks  which  were  made  at 
the  Rogers  Works  have  survived  to  the  present  time. 

In  1850,  Mr.  Rogers  designed  the  truck  shown  by  figs.  204, 
205  and  206.  This  h.id  a  rectangular  wrought-iron  frame  with 
either  cast  or  wrought-iron  pedestals  bolted  to  it,  and  with  a 
pair  of  bent«  qualizini;;  levers  on  each  side  and  a  spring  between 
the  wheels,  as  shown.  The  center-plate  was  carried  on  a  sys- 
tem of  bracing,  clearly  shown  in  the  engravings.  This  form 
of  truck  has  been  built  continuously  ever  since  it  was  first  in- 
troduced, with  very  little  change,  and  has  been  adopted  by 
other  locomotive  builders  substantially  as  it  was  designed  by 
Mr.  Rogers,  and  probably  is  more  extensively  used,  and  has 
given  greater  satisfaction  than  any  other  form  of  locomotive 
truck  that  has  ever  been  made.  It  is  still  the  standard  loco- 
motive truck  on  many  railroads. 

Figs.  207,  208  and  201)  represent  a  truck  introduced  in  1S52. 
This  had  journal  bearings  both  inside  and  outside  of  the 
wheels.     It  was  used  for  fast  passenger  engines,  and  is  shown 


Fig.  206. 

ber)  it  will  be  seen  that  the  trucks  of  all  the  early  engines  built 
at  the  Rogers  Works  had  their  wheels  as  close  to  each  other  as 
they  could  be  placed.  With  outside  cylinders  this  could  be 
done  without  difficulty  so  long  as  the  cylinders  were  inclined, 
but  owing  to  the  rolling  motion  which  was  produced  by  cylin- 
ders, with  a  steep  inclination  and  also  other  inconveniences,  the 
tendency  was  to  lower  the  cylinders,  and,  excepting  with  large 
driving-wheels,  this  made  it  necessary  to  spread  the  truck-wheels 
farther  apart.  Finally,  the  cylinders  were  brought  down  hori- 
zontal, and  it  was  then  found  that  there  was  really  no  disad- 
vantage in  placing  the  wheels  the  required  distance  apart,  but 
rather  the  reverse. 


Fig.  209. 

n  fig.  23  (page  46).  It  was  first  made  with  a  center  bearing, 
but  later  the  Bissell  arrangement,  which  is  shown  in  the  en- 
gravings, was  combined  with  it. 

In  1857,  Mr.  Bissell  patented  the  truck  which  ever  since  has 
been  known  by  his  name.  His  first  patent  was  for  a  four- 
wheeled  truck,  shown  by  figs.  210,  211  and  212.  The  frame 
of  this  truck  was  extended  backward,  and  instead  of  turning 
around  a  center-pin  between  the  two  axles,  the  pin  C  was 
placed  some  distance  behind  the  rear  axle,  and  the  truck 
turned  or  vibrated  around  it.  The  engine  rested  on  a  pair  of 
V-shaped  inclined  planes,  midway  between  the  two  axles.  One 
of  these  inclined  planes  is  shown  in  section  at  £>  in  fig.  212. 
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The  inventor  claimed  that  a  truck  of  his  plan  adjusts  itself 
to  the  curvature  of  the  track  better  than  one  of  the  ordinary 
plan.  Mr.  Hudson  was  one  of  the  first  to  recognize  the  value 
of  Bissell's  invention,  and  applied  it  to  a  locomotive  in  185S. 
In  the  same   year  Bissell  patented  the  single  axle  or  "  pony  " 


locomotive  engine  of  a  truck  or  pilot  fitted  with  pendant  links 
to  allow  of  lateral  motion  to  the  engine."  Smith's  invention 
consisted  in  the  substitution  of  swing  links  for  the  inclined 
planes  in  Bissell's  truck.  Smith's  truck  is  shown  in  figs.  216, 
217  and   21S.     The  engine  rested  on  a  bolster,  />',  which  was 


Fig.  210. 


Fig.  212. 


Fig.  213. 


Fig.  215. 


Fig.  214. 


truck  as  it  is  often  called.  This  was  constructed  on  substan- 
tially the  same  principle  as  his  four-wheeled  truck,  and  is  repre- 
sented in  figs.  213,  214  and  215  In  the  engraving,  fig.  214,  to 
save  room,  the  extension  of  the  frame,  which  is  attached  to  the 
center-pin,  is  represented  as  being  broken.  This  truck  was 
applied  to  some  Mogul  engines  at  the  Rogers  Works  in  1S63. 
In  1862,  Mr.  Alba  F.  Smith  patented  "  the  employment  in  a 


truck  by  swing-links  L  L,  figs.  216,  217  and 
t  received  the  name  of  the  swing-motion 
t  applied  to  a  locomotive  at  the    Rogers 


suspended  from  the 

218.  Krom  these 
truck.  It  was  fir; 
Works  in  18' 5. 

In   1S64,  Mr.  Hudson  took   out  another   patent  for  an  im- 
provement in   lateral  moving  trucks,  which  is  shown  in  figs. 

219,  220  and   221.     Instead  of  pivoting  the  trucks  to  a  fixed 
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point  behind  the  axles  at  A,  as  Bissell  did,  Mr.  Hudson  used 
a  long  link  or  "  radius  bar."  B  />',  which  was  pivoicd  at  its 
front  end  C  to  a  pair  of  lugs  attached  to  the  center-pin  plate 
of  the  engine.  The  back  end  of  tht-  radius  bar  was  allowed 
some  lateral  motion,  but  was  confined  within  certain  limits  by 
a  sort  of  guide  shown  at  D.  This  arrangement,  Mr.  Hudson 
claimed,  permitted  the  truck  to  adjust  itself  more  perfectly  to 
curves  of  different   radii  than  was  possible  without  the  use  of 


it  was  pointed  out  that  it  had  equalizing  levers,  which  extended 
from  the  driving-axle  to  the  center  of  the  truck  on  each  side  of 
the  engine,  with  springs  in  the  renter  of  the  levers.  Although 
this  arrangement  did  not  give  satisfaction  at  that  time,  it  had 
the  germ  of  an  invention  which  Mr.  Hudson  afterward  applied 
very  extensively. 

In   1S64,  he  patented  the  arrangement,  shown  by  figs.  222, 
223  and  224,  of  an  equalizing  lever  between  the  two-wheeled 


Fig.  216. 


I       [ 


Fig.    220. 


Fig.    221. 


the  radius  bar.  The  arrangement  was  used  with  both  Bissell's 
and  Smith's  lateral  motion  mechanism. 

The  most  important  results  accomplished  by  Bissell's  inven- 
tion were  due  to  the  adoption  of  his  lateral  moving  single  axle 
or  "pony"  truck,  as  it  is  called,  which  was  pivoted  behind 
the  axle.  The  first  engine  of  the  "  Mogul  "  type,  fig.  26  (page 
46),  which  was  built  at  the  Rogers  Works,  had  a  two-wheeled 
Bissell  truck  with  the  inclined  planes  for  producing  the  lateral 
motion.  It  was  completed  in  1S63.  Afterward,  the  swing- 
links  patented  by  Mr.  Smith  were  used. 

In  the  description  of  the  engint  illustrated  by  fig.  17  (page  45), 


truck  and  the  front  driving-wheels,  whereby  both  the  truck 
and  driving-wheels  maintain  their  proper  portion  of  weight 
and  accommodate  themselves  to  the  vertical,  as  well  as  to  the 
lateral,  motion  required  to  enable  the  engine  to  pass  over  uneven 
tracks  and  around  curves  with  ease  as  well  as  with  safety.  In  the 
arrangement  referred  to  the  driving-wheels  £  and  /"each  have 
the  usual  springs  e  and  /  connected  together  by  an  equaliz- 
ing lever  /,  with  a  fulcrum  at  /.  The  driving-wheels  G 
have  springs  ^.  The  front  strap  or  hangers  n  of  these 
springs  are  connected  to  a  cross-beam,  y(shown  clearly  in  fig. 
223).     A  central  equalizing  lever,  A',  bears  on  the  middle  of  the 
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Fig.  222. 


Fig.  224. 


Fig.  223. 


Fig.  230. 
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cross-beam  /.  It  has  a  fulcrum  at  k,  and  its  front  t-nd  rests 
on  the  bolster  or  swing-beam  jV  of  the  truck.  The  effect  of 
this  arrangement  is  that  any  weight  borne  by  the  driving- 
wheels  is  transmitted  to  the  truck  and  vice  versa.  In  his  patent 
specification  Mr.  Hudson  said  ; 

"If  tracks  could  be  made  perfectly  uniform  and  recular  and  be  main- 
tained in  that  condition,  my  invention  would  be  of  little  importance  ;  but 
in  practice  irregularities  more  or  less  serious  occur  at  nearly  every  joint  or 
junction  of  the  ends  of  the  rails,  and  at  certain  points  in  the  tracic,  as  in 
passing  switches  and  across  tracks,  and  especially  in  passing  oyer  small 
obstacles  or  defects  in  the  road,  the  inequality  in  the  load  which  is  thrown 
upon  the  several  wheels  becomes  immense  ;  unless,  in  addition  to  the  use 
of  the  springs,  provision  is  made,  by  introducing  equalizing  levers  in  some 
manner,  to  induce  a  unity  of  action  between  each  pair  of  wheels  and  some 
other  pair.  The  three  pairs  of  drivers,  E,F3.nA  C,  tig.  232,  have  been  con- 
nected together  by  equalizing  levers:  but  I  have  never  known  the  two 
pairs  £  Z'  to  be  connected  into  one  system,  and  the  forward  drivers  C  to 
be  connected  to  the  truck-wheels,  so  as  to  form  another  and  independent 

"  My  invention  practically  supports  the  forward  portion  of  the  structure 
at  the  point  *,  and  the  rear  portion  of  the  structure  on  the  two  points  /  ;', 
opposite  the  sides  of  the  lire-box  ;  thus  making  a  triangle  on  which  the 
structure  is  carried  with  a  ceriaintv  of  holding  each  wheel  with  sufficient 
force  upon  the  track,  and  yielding  easily  and  safely  to  every  ordinary 
inequality." 

Figs.  222,  223  and  224  are  copied  from  the  drawing  of  the 
patent  specification.  In  these  drawings  a  truck,  with  Bissell's 
inclined  planes  e  c,  is  represented.  Figs.  225.  226  and  227 
show  the  arrangement  used  by  Mr.  Hudson  in  1S65  for 
"Mogul"  locomotives.  In  this  truck  Smith's  swing-links 
were  substituted  instead  of  Bissell's  inclined  planes. 

In  1S67,  Mr.  Hudson  patented  his  double-end  truck  locomo- 
tive, to  which  reference  was  made  in  a  previous  chapter.  Figs. 
228  and  22g  are  copied  from  his  patent  specification.  In  this 
engine  the  Bissell  truck  at  each  end  was  connected  with  the 
springs  of  the  driving-wheels  adjoining.  The  truck  of  what 
is  ordinarily  the  front  of  the  engine  was  connected  to  the 
driving-wheel  springs  by  a  single  equalizing  lever  in  the  man- 
ner already  described .  At  the  opposite  end  of  the  engine  there 
were  two  equalizing  levers,  one  on  each  side  of  the  fire-bo.\,  as 
shown  in  the  engraving. 

In  1872,  Mr.  Hudson  patented  another  form  of  double-end 
truck  locomotive.  This  had  a  four-wheeled  swing-motion 
truck  behind  the  fire-box,  and  a  "pony"  truck  in  front  of  the 
cylinders.  Fig.  230  shows  the  arrangement  of  the  driving- 
wheel  springs  and  the  way  that  they  were  connected  with  the 
"  pony  "  truck  by  the  equalizing  levers  E.  The  driving-wheel 
springs  were  not  connected  with  the  four-wheeled  truck. 

As  was  stated  in  a  previous  chapter,  in  1S72.  Mr.  Hudson 
took  out  a  number  of  patents  covering  different  forms  of  truck 
locomotives  to  which  his  method  of  equalizing  the  truck  with 
the  driving-wheels  was  applied. 

(Concluded.) 


Manufacturing  Notes. 


The  Rhode  Island  Locomotive  Works  in  Providence,  are  to 
build  45  locomotives  for  the  new  elevated  lines  in  Brooklyn. 

The  Sharon  Steel  Casting  Company,  at  Sharon,  Pa.,  has 
just  completed  an  extensive  plant  for  making  steel  castings  of 
all  sizes. 

Another  large  foundry  room  is  to  be  added  to  the  now  large 
foundries  of  the  Bass  Foundry  &  Machine  Works,  at  Fort 
Wayne,  Ind. 

The  Portland  Company,  in  Portland,  Me.,  has  an  order  for 
20  locomotives  for  the  Boston  &  Maine  Railroad.  These 
works  now  employ  about  350  men. 

The  Dickson  Manufacturing  Company,  at  Scranton,  Pa.,  is 
building  g  locomotives  for  the  St.  Paul  &  Duluth  Railroad,  and 
has  a  number  of  other  orders  on  hand. 

The  Pond  Engineering  Company,  in  St.  Louis,  has  recently 
taken  orders  for  a  number  of  boilers,  ranging  from  50  to  100 
H.  P.  These  orders  come  from  Kansas.  Nebraska,  Missouri, 
Arkansas  and  Texas. 

The  Harlan  &  Hollingsworth  Company  at 
Del.,  on  June  16,  launched  the  steamer  Parihiai. 
38  ft.  beam  and  26  ft.  depth  of  hold.  The  Parthi 
to  run  between  Boston  and  Philadelphia. 

At  the  Columbian  Iron  Works  at  Locust  Point,  Baltimore, 
the  keels  have  been  laid  for  two  new  steel  ferry  boats  for  the 
Staten  Island  Rapid  Transit  Company.  The  steel  for  the  new 
gunboat  No.  2,  for  the  U.  S.  Navy,  is  now  being  received  at 
these  works. 

The  Pennsylvania  Steel  Company  is  about  to  build  two  blast 
furnaces  of  200  tons  daily  capacity,  at  Sparrow  Point,  near 
Baltimore,  Md.,  where  it  recently  purchased  a  tract  of  100 
acres  of  land.     It  is  said  that  a  rolling  mill  will  also  be  built, 


A'Umington, 
246  ft.  long. 
'.  is  intended 


and  other  portions  of  the  works,  now  at  Steelton,  will  be  here- 
after removed  to  the  new  location.  The  company  recently 
ordered  16  boilers  of  240  H.  P.  each,  from  the  Babcock  & 
Wilcox  Company,  for  the  new  furnaces. 

The  Old  Colony  Railroad  shops  in  Boston  are  building 
three  new  passenger  eqgines  with  17  X  24  in.  cylinders,  from 
the  designs  of  Mr.  James  \'.  Lauder,  the  Superintendent  of 
Motive  Power.  Engines  of  this  class  now  in  use  take  trains  of 
14  and  15  cars  at  high  speed.  The  steamboat  train  on  this 
road  now  makes  the  run  of  51  miles  between  Boston  and  Fall 
River  without  stopping,  the  engine  being  provided  with  a 
special  tender  carrying  3,500  gallons  of  water. 


Dust  Guard  for  Car  Axle-Boxes. 

The  engraving  shows  a  form  of  dust-guard  which  has  been 
patented  by  Mr.  W.  S.  G.  Baker,  President  of  the  Baltimore 
Car  Wheel  Company,  which  he  describes  as  follows  : 

"A  indicates  a  car-axle,  B  a  section  of  a  car-wheel,  and  C 
a  car-axle  box,  which  parts  may  be  of  any  ordinary  construc- 
tion. Around  that  part /J  of  the  axle  known  as  the  "dust- 
collar"  I  place  a  metallic  sleeve'  E,  preferably  formed  with  a 
feather,  on  its  inner  side,  which  fits  in  a  longitudinal  groove 
or  keyway  in  the  dust-collar  of  the  axle,  so  that  the  sleeve, 
while  keyed  to  the  axle  so  as  to  revolve  with  it,  is  free  to  move 
longitudinally  upon  it. 


The  face  of  the  sleeve  next  to  the  axle-box  is  provided  %vith 
an  annular  projection,  having  lugs  for  the  purpose  of  securing 
a  suitable  washer,  /C",  which  may  be  ol  vulcanized  fiber  or  other 
suitable  material,  in  place,  and  causing  it  to  revolve  with  the 
axle  and  sleeve. 

L  indicates  a  coiled  spring  around  the  outside  of  the  sleeve 
E,  bearing  at  one  end  upon  a  ledge  or  projection,  M,  which 
is  a  part  of  the  sleeve,  and  at  the  other  end  against  the  car- 
wheel.  This  spring  forms  a  cushion  between  the  sleeve  E  and 
the  car-wheel,  and  causes  the  sleeve  to  press  against  the 
washer  C  and  cause  it  to  bear  upon  the  end  of  the  axle-box, 
so  as  to  make  a  tight  joint  and  exclude  dust  from  the  box  and 
prevent  the  oil  from  escaping. 

The  patent  is  dated  April  19.  1887,  and  numbered  361,255- 
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Special  Tools  for  Railroad  Repair  Shops. 

(Conlinutd  /ratn  page  2So.) 

The  late  W.  W.  Evans,  the  eminent  engineer,  wrote,  not 
long  before  his  death  :  "  Portable  tools  are  very  useful  in  any 
railroad  machine  shop,  and  will  be  very  extensively  used.  1 
can  recollect  the 
time  w  h  c 
would  have  given 
a  good  deal  if 
I  had  known 
where  1  could  get 
such  tools.  Now, 
I  am  retired  from 
active  service  in 
railroad  manage- 
ment, having 
been  47  years 
in  harness.'' 
Among  this  class 
of  tools  is  Green- 
wood's universal 
planer  chuck, 
shown  in  figs.  17 
and  iS. 

There  are  vari- 
ous tools  for  the 
same  purpose. 
But  these  have 
two  serious 
drawbacks: 
I.  There  is  great 
inconvenience  in 
setting  to  radii 
differing  consid- 
erably, say  from 
4  ft.  to  10  ft., 
and  it  is  next  to 

impossible  to  set  to  a  radius  of  100  or  1,000  ft.  2. 
In  these  the  feed  must  be  in  a  vertical  direction, 
which  is  very  inconvenient  for  a  common  planer 
having  the  attachment,  and  the  extent  of  such  ver- 
tical feed  is  very  small. 

But  in  the  new  tool  the  cross-feed  of  the  planer 
is  perfectly  applicable  ;  also,  any  possible  radius  is 
at  command,  and  as  easily  set  up  as  to  put  a  tool 
into  the  toolholder.  The  tool,  it  is  claimed,  is  re- 
markable for  possessing  these  qualities  in  high 
degree,  and  the  chuck  is  simple  as  it  is  remarkable. 
To   get  a  better  notion  of   this  tool  in  a  practical 


® 
1 

- 

J- 

radii 


Fig. 


Then  imagine  a  convex  surface  of  equal  dimensions  planed  in 
a  second  block  to  an  exact  fit.  The  radius  might  have  been 
50,  100  or  1,000  ft.  just  as  easily.  No  pieces  are  required  to 
be  taken  out  and  others  substituted  to  make  any  of  the  changes 
of  radius,  the  chuck  being  complete  in  itself,  as  well  as  simple. 
Though  the  leading  feature  of  this  chuck  is  its  facility  and 
capacity  for  plan- 
g  circular 
rves  of  large 
it  still 
possesses  other 
adaptations,  in- 
cluding all  those 
of  the  best  planer 
chucks.  For  this 
reason  it  is  styled 
the  universal 
planer  chuck. 

The  various 
functions  of  the 
chuck  will  be 
more  clearly  un- 
derstood after 
describing  its 
parts.  The  per- 
spective view  in 
tig.  17  gives  a 
good  idea  of  its 
external  appear- 
ance, it  being 
shown  complete 
with  the  guide 
bar,  its  bracket 
and  pivot  and 
the  arc  or  quad- 
rant by  which 
the  guide  bar  is 
set  to  plane  any 


Fig.   19. 

TATKNT    I'ORTAliLE   WRIST-PIN   MAC 


1  concave   surface  (cylindric)  dressed  or  planed    I    righthan 
ft.   wide  by  4  ft.  long    to  a  radius  of  500  ft.     |    surfaces  by  the   crosshead  projecting  at  the   back  side  of  the- 


AL   PLA.N 


particular  circle.  But  without  these  the 
chuck  as  shown  in  fig.  17  will  answer  all  the 
purposes  of  the  best  chucks.  It  will  revolve 
horizontally  to  any  angle  of  cut,  and  can  be 
set  by  the  dial  shown,  graduated  upon  the 
edge  of  its  base.  By  this  movement  the 
chuck  and  piece  can  be  turned  end  for  end 
in  planing  straight  work.  The  vise  for 
holding  the  work  is  like  a  stout  trough  with- 
out ends,  in  which  slides  the  movable  jaw 
by  the  screw.  This  screw  has  a  head  at  the 
back  side  of  the  chuck,  so  that  in  the  grip 
for  holding  the  work,  the  screw  draws 
instead  of  pushes.  This  throws  the  strain 
off  from  the  greater  part  of  the  bottom  of 
the  vise,  and  springs  it  much  less  than  other- 
wise would  be  unavoidable. 

The  vise  is  pivoted  to  two  supports,  one 
on  each  side,  and  at  the  left-hand  end  in  the 
cuts.  These  supports  project  up  from  the 
chuck  body,  within  which  the  vise  is  placed^ 
Room  is  allowed  at  the  bottom  of  the  second 
piece  to  allow  the  vise  to  rise  and  fall  at  the 
It  is  made  to  rise  and  fall  in  dressing  circular 
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chuck,  and  sliding  upon  the  guide  bar — when  the  latter  is  ele- 
vated at  the  end  tow.-ird  the  right,  a  concave  surface  is  planed, 
and  when  depressed  a  convex  surface  is  rut.  To  change  the 
degree  of  convexity  or  oonraviiy  the  inclination  of  the  guide- 
bar  is  to  be  changed,  it  being  horizontal  for  planing  straight. 
The  guide-bar  is  fixed  at  one  point  by  a  pivot  about  which  it 
swings  in  being  raised  or  lowered  at  one  end.  This  pivot  is 
supported  by  a  bracket  fastened  firmly  to  the  frame  of  the 
planer  below  the  platen. 

The  movement  by  which  the  circle  arc  is  secured  in  dressing 
work  is  indicated  thus  :  Suppose  a  piece  of  work  clamped  in 
the  vise,  and  the  guide-bar  set  at  an  inclination.  Then  as  the 
platen  of  the  planer  is 
moved  forward  and  back, 
as  in  planing,  the  base 
of  chuck  is  borne  upon  it, 
also  the  vise  and  cross- 
head.  But  the  latter,  i:i 
sliding  upon  the  station- 
ary inclined  guide-bar, 
must  slide  on  an  incline. 
This  makes  one  end  of  the 
vise  of  chuck  rise  and  fall, 
the  other  end  being  held 
at  a  constant  height  above 
the  platen  by  the  vise 
pivots.  This  gives  a  re- 
volving or  swinging  motion 
of  vise  above  a  horizontal 
axis.  The  cutting  tool  now 
being  brought  to  bear  upon 
the  piece  of  work  cuts  it  to 
the  circular  arc.  The  tool 
can  always  be  so  placed  as 
to  give  a  mathematically 
correct  circle. 

The  vise  may  be  fastened 
in  a  horizontal  position  by 
a  conical  pin.  The  screw 
in  the  curved  slot  in  the 
front  side  of  chuck  also 
aids  to  clamp  the  chuck  in 
a  horizontal  position.  This 
also  will  clamp  the  vise  at 
any  inclination.  When 
thus  clamped  at  an  inclina- 
tion, a  wedge  may  be 
planed  in  the  chuck  or  a 
key  and  gib  for  a  connect- 
ing rod,  etc.  When  the 
jaw  of  the  chuck  is  clamped 
in  any  position,  as  just  ex- 
plained, of  course  the 
guide-bar  is  not  required. 
To  use  the  chuck  free  from 
the  guide-bar,  it  may  be 
turned  end  for  end.  When 
the  crosshead  is  freed  from 
the  guide-bar  by  being 
brought  aiound  upon  the 
front  side  of  the  chuck  the 
crosshead  may  be  slipped  . 
off  the  end  of  guide-bar  j 
and  from  the  pin  on  which 
it  works. 

In  thus  turning  the  chuck  V 
around,  the  trough  shaped 
piece  which  carries  the  vise 
slides  around  upon  the  base 
piece  of  the  chuck,  which 
latter  is  bolted  fast  to  the 
platen  of  the  planer. 

The  jaw  of  the  chuck  has  a  graduated  arc  by  which  the  in- 
clination for  any  wedge  or  key  is  easily  given.  .^Iso  the  guide- 
bar  has  a  graduated  arc  for  setting  it  to  any  given  circle  arc. 
A  table  is  prepared  for  use  in  setting  the  bar  at  once  and 
correctly.  A  segmental  rack  and  pinion  is  applied  to  the  jaw 
of  chuck  in  such  a  way  that  the  weight  of  the  jaw  is  easily 
lifted  by  applying  a  wrench. 

Thus  we  have  in  this  universal  planer  chuck,  the  ordinary 
chuck,  a  chuck  for  planing  tapers  and  keys,  and  the  extraordinary 
novelty  of  the  circle  planer  for  long  radii,  so  that  the  possession 
of  this  chuck  enables  the  workman  to  do  all  the  various  kinds  of 
work  described,  with  the  cross-feed  of  the  common  planer  found 
in  every  machine  shop,  and  without  other  or  additional  appli- 
ances. The  chuck  is  comprised  in  three  principal  parts — the 
bottom  plate  L.  by  which  it  is  fastened  to  the  planer  table,  the 


vise  C,  by  which  the  work  is  held,  and  a  guide-bar,  G,  held  by 
a  bracket  on  the  planer-bed.  With  these  pans  it  is  possible 
to  produce  a  gieat  range  and  variety  of  work. 

The  truing  up  of  a  crosshead  pin  or  wrist-jiin  by  hand,  or 
with  bent  tools  in  a  lathe  is  a  very  expensive  job.  The  work 
performed  by  the  patent  portable  wrist-pin  machine  shown  in 
fig.  iq  is  very  important,  reducing  the  cost  of  this  work  very 
materially.  In  the  planning  of  this  machine,  special  attention 
has  been  directed  toward  securing  facility  of  operation  in  the 
limited  space  available,  and  is  readily  manipulated  and 
handled  by  the  ordinary  workman.  It  consists  of  two  side  cast- 
ings or  housings,  held  together  by  two  parallel  rods,  ground 
true.     These  rods  serve  as 


guides,  on 
ing  device  s 


vhich  the  turn- 
ides.  Between 
tne  two  guide-rods,  a  screw 
is  placed,  as  near  as  pos- 
sible to  the  work,  and  this 
screw  being  turned  by 
gearing  on  the  end  of  the 
crank-shaft,  becomes  an 
automatic  feed,  which  will 
operate  in  either  direction; 
or,  for  convenience  in  fin- 
ishing out  the  fillets  at 
either  end  of  the  wrist-pin, 
this  feed  can  be  thrown 
out,  and  the  device  worked 
by  hand. 


The  slidi 


ng  arrangement 


which  carries  the  annular 
cutter-head  or  tool-holder 
is  composed  of  two  parts, 
held  firmly  together  by 
four  steel  collar-bolts,  the 
parting  line  being  exactly 
in  line  with  the  guide-rod 
and  feed-screw,  and  all  to- 
gether are  on  the  center 
ne  of  the  machine. 
The  cutter- head  or  tool- 
holder  is  of  steel,  and  its 
division  allows  it  to  be 
adjusted  around  the  wrist- 
pin  to  be  turned.  Gear- 
teeth,  cut  out  of  a  portion  of 
its  circumference,  engage 
with  others,  operated  by 
the  crank-shaft. 

In  the  housings,  centers, 
are  placed  to  hold  the 
crosshead  to  be  operated 
on.  These  centers  are  in 
ne  with  the  main  guide- 
rod,  and  exactly  central  to 
the  tool  holder. 

The  tools  are  inserted  ia 
the  sides  of  the  tool-holder, 
and  are  held  in  place  by 
screws  fitted  into  holes, 
countersunk  for  manipula- 
tion by  a  socket-wrench, 
and  can  be  readily  taken 
out  to  grind. 

Special  care  should  be 
taken  in  laying  out  the- 
crossheads  to  be  operated 
on.  See  that  center  marks 
of  sufficient  depth  are  made 
in  the  end  opposite  the  in- 
tended center  of  the  wrist- 
pin  ;  then  place  the  cutter- 
head  or  tool-holder  around  the  wrist-pin,  with  tools  in,  set 
back.  Place  the  crosshead  in  the  machine,  on  the  centers  ;. 
adjust  the  sliding  frame  on  the  guide-rods,  and  the  work  and 
machine  are  ready. 

These  machines  are  also  built  for  stationary  use  in  shops  ; 
and  those  of  the  stationary  type,  being  driven  by  power,  are 
adapted  to  a  great  range  of 'work.  The  machine  shown  in  the 
accompanying  cut  is  of  a  size  intended  for  general  use  in  loco- 
motive shops,  either  on  new  work,  or  for  truing  oval  or  cut 
wrist-pins. 

Otto's  car-box  boring  attachment,  shown  in  fig.  20,  is  a 
simple  and  cheap  method  of  boring  out  brasses  for  car-axle 
journals.  A  chuck  arranged  to  be  fastened  to  the  table  of  an 
ordinary  drill  press  with  automatic  feed  and  quick  return  holds, 
the  brasses  to  be  bored,  and  by  simply  turning  the  hand-wheel 
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they  are  brought  together  and  firmly  held  in  place,  a  double 
adjustable  cutter  boring  two  brasses  at  a  time.  The  brasses 
being  less  than  a  half  circle,  strips  are  placed  between  their 
faces.  These  strips  or  parallels  are  held  separately  by  the 
set-screws  and  need  not  be  disturbed  when  once  adjusted  for 
a  certain  size  of  box.  When  different  sized  boxes  arc  to  be 
bored,  then  other  strips  are  required.  The  operation  of  setting 
the  boxes  is 
as  simple  as 
screwing  up  a 
vise.  The  two 
jawsareadjust- 
able  and  move 
toward  the 
center  at  one 
time,  firmly 
holding  the 
brasses  against 
the  strips.  Re- 
cesses or  sock- 
ets are  formed 
in  the  octagon 
walls  of  the 
chuck,  of  suffi- 
cient width  and 
depth  to  re- 
ceive the  larg- 
es  t  sized 
brasses.  In  the 
rear  half  of  the 
chuck  is  a  hori- 
zontal channel 
which  serves  as 
a  passage  for 
chips  or  bor- 
ings. Below 
the  chuck  is  a 
bearing  for  the 
cutter-bar, 
which  is  kept 
free  from  chips 

and  dirt  by  a  rubber  ring,  giving  a  good  opportunity  to  oil. 
This  cutter-bar  is  fitted  into  the  taper-hole  in  the  end  of  the 
drill-press  spindle.  Through  it  a  slot  is  made  and  two  cutters 
with  ends  rounded  are  made  to  form  a  hinge  or  pivot  for  each 
other.  The  end  that  does  the  cutting  is  shaped  so  that  a  good 
cutting  edge 
is  made  when 
the  cutters 
are  set  close 
to  the  bar  for 
a  small  hole 
or  extended 
for  a  large 
one.  They 
are  designed 
to  bore  a  1 1 
sizes  of  car- 
axle     brasses 


ith   on 


set 


of  cutters.  -  - 
The  ends  of 
t  h  e  cutters 
are  thicken- 
ed to  have 
a  grinding 
or  sharpen- 
ing su  r  face 
and  are 
sharpened  by 
grinding  o  n 
the  face  of 
them.  They 
are  extended 


;ed 

by  a  nut.  at 
top  and  bot- 
tom of  cutters, 


Fig.  22. 


HOl'GSON  S    El 


fhich  admits  of    very   fine   adj 


This 


used  successfully  in  the  shops  of  the  Baltimore  &  Ohio  Railroad. 
This  machine  consists  of  a  face-place,  ./,  bolted  directly  on 
the  face-plate  ol  the  lathe,  an  expanding  mandrel,  working  in 
a  slide,  and  a  center,  /?;,  sliding  in  a  direction  opposite  to  that 
in  which  the  mandrel  is  moved.  This  center  takes  a  bearing 
on  the  dead  center  of  the  lathe. 

Fig.  21  shows  the  mandrel  in  position  with  eccentric  £  ready 
for  turning. 
The  mandrel  is 
set  by  the 
gauge  on  the 
bar  ./j,  and,  as 
shown  in  cut, 
is  ready  to  turn 
a  n  eccentric 
with  a  throw  of 
five  inches. 

Fig.  22  shows 
the  details  of 
t  h  e  construc- 
tion. The  bar 
.■I .  has  a  slot 
in  which  the 
block  C  and 
the  mandrel  Cj 
slidein  and  out. 
This  block  is 
held  in  place 
by  the  nut  B,. 
When  the  nut 
B:,  on  the  screw 
jS  is  slacked  up, 
the  mandrel  C3 
can  be  moved 
to  and  from  the 
center  by  put- 
ting the  handle 
-4iOn  thescrew 
A,.  A  scale  is 
marked  off  on 
J-u  the  div- 
isions being  half-inches  instead  of  inches,  so  that  the  throw  of 
the  eccentric  is  laid  off  from  the  drawing  directly,  without  the 
liability  to  mistakes.  The  mandrel  carries  four  wedges,  C,. 
which  work  in  grooves  with  inclined  bottoms.  These  wedges 
are  all   dovetailed  into  the  ring   C     As    this   ring  is   run   in 

or  out,  the 
wedges  of 
course  are 
moved  in  and 
out  corre- 
spondingl  y  . 
The  nut  B.., 
working  on 
the  screw  B, 
controls  their 
motion.  The 
block  £>  is 
put  on  the 
head   of    the 


carry  the  slid- 
ing center 
Z>3,  and  thus 
support  the 
mandrel  a  t 
the  outer 
end.  The 
center  is 
formed  on  an 
ordinary  T- 
headed  screw 
with  a  cup 
end.  This 
block  comes 
off  when  a 
piece  of  work 


device  can  be  very  quickly  put  in  place  and  at  work,  and  when 
once  adjusted,  can  be  operated  by  unskilled  labor.  By  having 
ring-gauges  on  the  bar  hung  up  over  the  cutters,  they  can 
be    often    tried   and   the   cutters   adjusted   to   bore   standard 

Figures  21  and  22  illustrate  Hodgson's  eccentric  mandrel, 
designed  for  quickly  and  cheaply  turning  up  locomotive  ec- 
centrics and  other  eccentric  work  of  a  similar  kind  ;  it  has  been 


is  to  be  put  in  place.- 

The  machine  shown  in  figs.  23  and  24  is  Hodgson's  cylinder 
planing  chuck,  which  is  used  for  holding  cylinders  of  all  sizes 
during  the  operation  of  planing,  and  obviates  the  necessity  for 
setting  the  cylinder  more  than  once  on  the  planer,  the  setting 
being  practically  automatic. 

The  chuck  consists  of  a  circular  base,  A,  which  is  bolted  to 
the  table  of  the  planer,  and  carries  upon  its  top  the  revolving 
top  .-f :.    This  revolving  top  has  a  bed-plate,  £,  on  which  there 
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is  one  tixed  head-stock,  /',  and  a  movable  one,  A'j,  between 
wliich  the  cone  chucks  /'  /'  arc  placed  on  the  spindle  ('.  On 
these  cone  chucks  the  cylinders  are  held.  The  upper  portion 
of  the  table  -'/..,  together  with  the  bed-plate  E,  revolves  on  a 
center  fixed  in  A.  The  lugs  /•  and  t".  have  bolt 
holes  and  stops,  so  as  to  permit  the  table  to  be 
turned  a  quarter  of  a  revolution,  and  accurately 
squared  without  trouble  in  the  adjustment.  When 
the  cylinder  is  bored  out,  no  further  setting  is  neces- 
sary. The  chuck,  when  put  upon  a  planer,  insures 
the  cylinder  castinK  being  in  line,  and  enables  ihc 
cross-planing  to  be  done  by  merely  revolving  tin- 
base.  The  spindle  C  is  pivoted  atA',,  the  opposite 
end  being  carried  to  the  block  Z?,.  The  head-stock 
Hi  slides  in  or  out  on  the  base  /•. ,  as  shown  in  fig.  24, 
in  order  to  accommodate  cylinders  of  different 
lengths. 


beit  to  set  the  ends  of  work  in  line  with  bed  at  ei|ual  distance 
from  center  bolt.  By  shifting  the  link  or  block  some,  it  will 
favor  the  radius  arm  and  require  less  angle  to  do  the  work. 
The  planing  tool,  if  changed  on  the  same  piece  of  work,  must 
D. 


Fig.  23. 

be  the  same  distance  from  the  back  of  the  tool  to  the  point  as 
the  one  removed,  or  it  will  vary  the  radius.  Instead  of  the 
table  A  having  square  holes,  as  shown  in  cut,  they  are  now 
built  with  X-head  slots,  making  it  more  convenient  for  liolting 
the  work  on. 

The  tools  represented  and  described  above  are  manufac- 
tured by  Messrs.  Pedrick  &  .\yer  at  their  works  in  Phil- 
adelphia. 


Railroad  Rail-Spring. 

The  accompanying  illustrations  show  a  rail-spring,  the  object 
of  which  is  to  interpose  an  elastic  medium  between  the  rail  and 
the  tie,  and  thus  diminish  the  pounding  and  noise  caused  by 
the  passage  of  trains.     This  device  is  described  as  follows  : 

n  the  drawings,  10  represents  a  metallic  plate  that  is  pre- 
erably  made  of  steel  and  shaped  to  elliptical  form,  the  ends  of 


The  jaws  Z>.j,  on  the  chucks  V,  slide  in  and  out  on  the 
to  lake  cylinders  of  diflerent  diameters.  They  are  held  by 
short  screws  in  slotted  holes,  as  will  be  seen  by  the  section  at 
the  right  of  fig.  23.  Fig.  24  shows  a  cylinder  in  place,  ready 
for  planing  the  valve  seat.  By  a  proper  arrangement  of  the 
tools,  all  the  planing  on  the  cylinder  castings  may  be  done 
without  releasing  the  casting  from  the  chuck,  thus  insuring 
the  work  being  done  in  line  and  square  with  the  box.  The 
diameter  of  the  spirdles  is  about  3',  in.,  and  the  distance 
between  the  cones,  as  shown  in  the  cut,  a  little  more  than  24 
in.  A  greater  distance  than  this  may  be  obtained  by  taking 
off  some  of  the  washers  shown  at  C-,  fig.  23,  and  in  moving 
the  head-stocks  />'•,  back.  The  center  of  the  spindle  is  about 
16  in.  from  the  bed  /■;. 

The  radius  link  planer  attachment  shown  in  fig.  25,  is  used  in 
planing  curves  of  any  radius  and  perfectly  parallel  :  it  is 
shown  as  applied  to  the  ordinary  planing  machine.  In  this 
attachment  a  pin  projecting  from  a  plate  bolted  to  the  table 
of  the  planer  holds  an  upper  table  A  upon  which  the  work  is 
fastened.  Thus  the  work  may  be  moved  forward  and  back- 
ward, and  to  a  greater  or  less  distance  from  the  center-pin,  the 
amount  of  circular  movement  determining  the  radius  of  the 
circle  to  which  the  work  is  finished.  From  the  corner  of  the 
table  A,  a  wrist  projects  upwards  and  takes  hold  of  a  slide 
which  is  fastened  at  the  required  angle  to  the  beam  of  the 
planer.  When  the  slide  stands  parallel  to  the  bed  of  the 
planer,  the  table  ./  will  move  in  a  straight  line.  In  propor- 
tion to  the  angle  of  the  slide  with  the  bed  of  the  planer,  the 
table  A  will  be  deflected  from  a  straight  line  into  a  true  curve 
of  greater  or  less  radius. 

In  setting  the  link  or  slide-blocks  for  planing,  the  links  or 
blocks  require  to  be  moved  as  well  as  the  radius  arm,  and  it  is 


Fig.  25. 
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the  plate  being  bent  upward,  as  shown  at  2.  The  upper  and 
lower  faces  of  the  plate  10  are  non-concentric,  thus  forming  a 
plate  that  is  thicker  in  the  middle  than  at  the  ends. 

"  In  the  plate  10  are  two  slots  or  apertures.  11.     These  slots 
are   preferably   arranged   upon  distinct    parallel   lines   and  so 
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located  that  the  distance  between  their  approaching  ends  will 
be  slightly  less  than  the  width  of  the  base  of  the  rail  in  con- 
nection with  which  the  plate  is  to  be  employed,  thus  providing 
for  the  flattening  of  the  plates. 

"  Plates  constructed  as  described  are  placed  upon  the  ties  or 
sleepers  20,  and  the  rail  is  placed  upon  the  plates,  as  clearly 
shown  in  fig.  i,  the  parts  being  held  to  place  by  spikes  15,  that 
are  driven  into  the  ties  20  through  the  apertures  11.  The 
plates  10  are  located  in  connection  with  each  tie  or  in  connec- 
tion with  so  many  of  the  ties  as  may  be  found  to  be  desirable 
or  necessary  to  properly  support  the  weight  of  the  passing 
trains. 


J^.-7. 
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OLMSTEAD  S    RAIL-SPRING. 

"An  inspection  of  fig.  i,  which  represents  the  plate  as  it 
appears  when  not  subjected  to  the  weight  of  a  train,  will  show 
that  the  base  of  the  rail  only  touches  the  plate  at  its  center  ; 
but.  as  a  train  passes  over  the  rail,  the  plate  will  be  depressed, 
and  in  being  so  depressed  will  flatten,  thereoy  presenting  a 
broader  bearing-surface  for  the  base  of  the  rail,  and,  conse- 
quently, the  effect  of  the  pressure  upon  the  plate  will  decrease 
as  the  plate  expands  or  flattens." 

The  patent,  which  is  numbered  364,432,  has  been  granted  to 
Edward  A.  Olmstead,  of  New  York. 


New  Hudson  River  Steamboat. 

The  new  steamboat  New  York,  which  has  just  been  put  on 
the  Day  Line  between  Albany  and  New  York,  on  the  first 
regular  trip  (July  iS)  made  the  run  to  West  Point,  50  miles,  at 
the  rate  of  20  miles  an  hour,  and  made  several  short  stretches 
at  the  rate  of  24  miles  an  hour. 

The  hull  of  the  Ne-,i)  York  is  of  iron,  and  was  built  at  Wil- 
mington, Del.,  by  the  Harlan  &  Hollingsworth  Company. 
The  dimensions  are  :  Length  on  water  line,  301  ft.;  length 
over  all,  311  ft.;  breadth  of  beam,  molded,  40  ft.;  breadth  over 
guards.  74  ft.;  depth,  molded,  11  ft.  3  in.;  draft  of  water,  6   ft. 

The  model  of  the  sister  steamer,  Alhiny,  designed  by  the 
late  William  Foulks  of  Greenpoint,  was  used  in  shapmg  the 
hull  of  the  New  York,  it  being  changed  only  to  suit  the  extra 
15  ft.  in  length,  g  in.  in  depth,  and  the  increased  shear  fore  and 
aft.  A  noticeable  change  is  that  the  wheels  are  placed  aft  of 
the  center  of  length  instead  of  forward,  as  on  the  Albanv. 

The  engine,  which  was  built  by  the  W.  &  A.  Fletcher  Com- 
pany at  the  Xorth  River  Iron  Works  in  N"ew  York,  is  a 
beam  engine  of  the  standard  American  pattern,  with  a  cylin- 
der 75  in.  diameter  and  12  ft.  stroke,  provided  with  Stevens' 
cut-off. 


The  use  of  a  surface  condenser,  instead  of  a  jet  condenser, 
in  this  river  steamer,  is  a  departure  from  the  usual  practice, 
and  this  change  was  made  to  overcome  the  evil  of  using  mixed 
salt  and  fresh  water  in  the  boilers. 

Another  important  dejiarture  is  the  adoption  of  feathering 
wheels  instead  of  the  usual  radial  wheels,  with  fixed  buckets 
or  floats.  These  wheels  are  30  ft.  2  in.  diameter  outside  of 
buckets.  There  are  12  curved  stee!  buckets  to  each  wheel. 
Each  bucket  is  3  ft.  gin.  wide  and  12  ft.  6  in.  long,  with  an  angle 
iron  3  X  ;  in.  on  each  end.  The  wheels  are  overhung  or  have 
a  bearing  outboard  on  the  hull  only.  The  feathering  is  done 
in  the  usual  manner  by  means  of  driving  and  radius  bars 
oper.-ited  by  a  center  placed  eccentric  to  the  shaft  and  held  by 
the  .-X-frame  on  the  guard. 

Feathering  wheels  have  been  constructed  for  sound  or  sea- 
going boats  and  for  vessels  whose  load  is  changed  materially 
from  trip  to  trip  ;  but  it  is  novel,  in  this  country  at  least,  to  ap- 
ply them  to  a  boat  intended  (or  smooth  river  service  only,  and 
whose  load  is  practically  constant.  They  were  introduced  in 
the  -VV:;'  York  for  the  purpose  of  gaining  speed,  and  also  of 
securing  smoothness  of  motion  and  absence  of  jar. 

Steam  is  suppl.ed  to  the  engine  by  three  return  flue  boilers, 
each  g'4  ft.  diameter  of  shell,  it  ft.  width  of  front  and  33  ft. 
long.  These  boilers  are  constructed  for  a  working  pressure 
of  50  pounds  per  square  inch.  Each  boiler  has  a  grate  surface 
of  76  square  feet  or  22S  square  feet  in  all,  and,  with  forced 
draught,  can  workup  to  3,850  H.  P. 

There  is  also  a  donkey  boiler  for  use  when  required.  A 
large  De  Lamater  duplex  steam  pump,  with  numeious  pipes 
and  valves  arranged  to  ensure  the  safety  of  the  vessel  in  case 
of  danger  by  collision  or  fire,  will  be  constantly  running  when 
the  boat  is  in  service.  The  boat  is  supplied  with  the  Williamson 
steam  steerer. 

The  cabin  and  upper  works  are  of  wood  and  of  the  same 
character  as  those  of  the  other  boats  of  the  line. 


The  Mann  System  of  Car  Ventilation. 

At  an  inspection,  made  June  22  last,  of  the  Mann  system  of 
ventilation,  the  New  York  Railroad  Commissioners  expressed 
their  approval  of  the  results  shown. 

This  trial  was  made  on  the  Mann  boudoir  car  Martha,  on 
the  New  York,  New  Haven  iv'  Hartford  road,  a  run  beingmade 
to  Stamford  (34  miles)  and  return.  The  venlilatin),' apparatus 
consists  of  an  external  bonnet  presented  in  each  direction,  with 
an  internal  hinged  deflector  so  attached  as  to  gather  air  which- 
ever way  the  car  is  running,  and  a  descending  flue  carrying 
the  air  down  into  a  closet  containing  a  shallow  tank  of  water 
and  a  filter  made  of  a  body  of  excelsior  in  a  box  of  wire 
netting,  the  fiber  being  kept  wet  by  water  dripping  from  ice  in 
a  crate  above  it.  In  summer  time  a  large  body  of  ice  is  also 
provided  in  an  adjoining  apartment  of  the  closet  through  which 
the  air  is  carried,  after  passing  through  the  filter,  and  from 
thence  it  is  distributed  by  a  longitudinal  flue  occupying  the 
inner  angle  between  the  wall  and  floor  of  the  car  on  one  side 
and  extending  from  end  to  end.  This  horizontal  flue  is  pro- 
vided with  outlet  openings  of  small  size  near  the  supply  end 
and  increasing  successively  in  area  to  the  other  end,  in  order 
to  deliver  a  substantially  uniform  current  of  fresh  air  from  end 
to  end  of  the  car.  The  horizontal  air-flue  also  contains  a  system 
of  pipes,  which,  as  we  understand,  are  used  in  winter  time  as  hot- 
water  pipes,  being  connected  with  the  stove  of  the  ordinary 
Baker  heater,  which  is  then  placed  in  the  air-purifying  closet 
for  the  purpose  of  heating  the  fresh  air  as  it  passes  through 
said  closet  and  through  the  air  flue.  The  air-flue  is  14  X  SJi" 
in.,  giving,  after  deducting  the  space  taken  up  by  the  heating 
pipes,  a  sectional  area  of  46.42  square  inches.  The  weight  of 
ice  carried  is  about  350  lbs. 

Professor  W.  E.  Geyer  and  Mr.  O.  Knight,  who  acted  as 
experts  for  the  Mann  Company,  found  on  this  trip  that  at  a  speed 
of  25  to  30  miles  an  hour  the  air  passed  through  the  air- flue  at 
a  velocity  of  I,7g6.5  ft.  a  minute.  At  this  rate  579  cubic  feet 
of  air  per  minute  were  supplied  to  the  car.  or  enough  to  renew 
all  the  air  in  it  in  5  minutes.  As  this  car  is  intended  to  carry 
26  persons,  the  supply  is  equal  to  22  cubic  feet  per  minute  for 
each  person.     The  experts  further  say  : 

"  We  found  by  the  thermometer  that  the  temperature  of  the 
air,  where  it  emerged  from  the  distributing  flue  into  the  car, 
was  62°,  while  the  temperature  of  the  air  outside  of  the  car 
was  S2'. 

"The  vitiated  air  was  constantly  discharged  from  the  car  by 
exhaust  outlets  in  the  roof.  The  effect  was  that,  while  it  was  a 
hot  and  oppressive  day  and  all  the  windows  and  doors  of  the 
car  were  kept  shut,  the  atmosphere  was  fresh  and  comfortable 
during  the  whole  period,  and    while   a  majority  of   the    party 
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were  smoking,  the  tobacco  smoke  and  fumes  were  constantly 
carried  off  so  that  they  were  not  in  any  manner  oppressive  or 
offensive.     *    *     *    * 

■'  In  two  other  coaches  attached  to  the  same  train  having 
their  windows  open,  and  the  heat  l>eing  consequently  the  same 
as  that  of  the  outside  air,  there  was  a  sense  of  oppression 
which  did  not  c.\ist  in  the  closed  boudoir  car,  presumably  due 
to  the  fact  that  the  air  supplied  t(i  this  car  through  the  filter- 
ing apparatus  was  cleansed  from  dust  and  impurities,  and  to 
the  further  fact  that  the  air  within  was  less  humid  by  2'  than 
the  outer  air,  as  shown  by  the  indications  of  a  standard  hygro- 
meter." 


Proceedinors  of  Societies. 

o 

Institute  of  Electrical  Engineers. 

The  last  meeting  of  this  Institute  for  the  season  was  held  in 
New  York.  June  2S.  Mr,  Geo.  VV.  Blodgett,  of  Boston,  read 
a  paper  on  Electric  Lighting  of  Passenger  Trains.  A  discussion 
followed  bv  Messrs.  R.  \V.  Pope.  Elias  Ries.  T.  D.  Lockwood, 
C.  O.  Maiiloux,  W.  C.  Bracken,  J.  M.  Pendleton  and  Jos. 
Wetzler. 

Before  the  paper  of  the  evening  was  read,  the  House  Fund 
Committee,  through  its  Chairman,  made  a  report  of  its  progress. 
The  subscription  had  increased  to  $4,500,  almost  entirely 
within  the  membership,  with  $1,000  additional  virtually  pledged 
by  a  gentleman  greatly  interested  in  the  work  of  the  Institute. 
A  feature  of  the  report  was  the  committee's  statement  of  the 
support  and  co-operation  extended  to  the  Institute  by  the 
Society  of  Civil  Engineers,  The  President  and  Secretary  of 
that  Society  had  been  appointed  to  confer  with  the  House  Fund 
Committee  of  the  Institute  upon  plans  for  joint  use  of  suitable 
premises.  In  the  conference  that  was  held  Mr.  Worthen  and 
Mr.  Bogart.  in  behalf  of  the  Civil  Engineers,  expressed  heartily 
their  sense  of  the  rapid  growth  of  electrical  engineering  as  a 
department  of  general  engineering,  and  their  desire  to  ally  the 
Institute  with  their  society  for  mutual  advantage.  Civil  engi- 
neers were  finding  it  necessary  to  increase  their  acquaintance 
with  the  applications  of  electricity,  in  order  to  meet  the  de- 
mands upon  them  of  clients  desiring  to  consult  them  upon 
questions  of  electric  traction  and  transmission  of  power,  while 
the  constantly  broadening  field  of  the  application  of  electricity 
calls  for  much  general  engineering  knowledge  on  the  part  of 
electrical  engineers.  A  location  in  common,  an  assembly  room 
in  common,  a  union  of  libraries,  with  a  suitable  provision  of 
separate  apartments  for  the  use  of  each  society  would,  it  was 
thought,  be  of  much  mutual  benefit.  It  was  thought  likely  that 
the  Society  of  Mechanical  Engineers  would  come  into  such  a 
scheme,  and  that  ultimately  all  branches  of  engineering 
would  have  a  common  headquarters  in  New  York,  The  plan 
first  suggested  at  the  conference  of  committees,  viz,,  the  pur- 
chase of  a  house  adjoining  the  present  building  of  the  Civil 
Engineers,  had  fallen  through,  the  owner  being  unwilling  to 
sell.  The  Institute  committee  would  have  a  further  conference 
with  the  Civil  Engineers'  committee  in  respect  to  further  plans 
— among  them  that  of  the  erection  of  a  suitable  house  large 
enough  to  accommodate  both  societies. 


Roadmasters'  Association  of  America. 

The  fifth  annual  meeting  of  this  Association  will  be  held  at 
the  Kennard  House,  in  Cleveland,  Ohio,  beginning  at  10  A.  M. 
on  Tuesday,  October  11,  next.  The  meeting  is  expected  to 
continue  for  three  days. 

The  Committee  appointed  to  prepare  a  programme  of  ques- 
tions for  discussion  at  this  meeting  have  sulimitted  the  follow- 
ing: 1st.  Unfinished  business,  2d.  Standard  Guard  Rails  for 
Frogs.  3d.  Standard  Frogs,  4th,  Standard  Guard  Rails  for 
Bridges  and  Re-railing  Safety  Frogs  at  Bridges,  ;th.  Stand- 
ard Track  Joints,  6th.  Standard  Rail,  7th.  Standard  Hand- 
Cars. 

All  roadmasters  and  track  supervisors  are  respectfully  in- 
vited to  be  present  at  this,  the  fifth  annual  meeting  of  the 
Association.  Arrangements  are  now  under  progress  whereby 
it  is  hoped  to  arrange  with  railroad  managements  to  pass  all 
delegates  (and  their  wives)  who  hold  a  certificate,  issued  by 
the  Association,  showing  him  to  be  a  delegate  to  this  conven- 
tion. 

All  who  can  meet  with  the  Association  will  please  notify  the 
Secretary,  H.  W.  Reed,  Way  Cross,  Georgia,  of  their  intention 
to  do  so,  and  he  will  furnish  delegates  with  certificates,  should 


the  several  railroad  managements  consent  to  honor  them  in 
lieu  of  a  pass.  Should  the  Association  be  denied  this  mode  of 
transportation,  delegates  will  be  promptlv  notified,  in  order 
that  each  one  may  make  other  arrangements  for  passes. 

Those  who  are  not  members  and  wish  to  join  the  Associa- 
tion, and  cannot  spare  the  time  to  attend  this  meeting,  may 
become  members  by  corresponding  with  the  Secretary.  Ar- 
rangements have  been  made  for  special  rates  at  the  Kennard 
House,  in  Cleveland,  thus  insuring  all  who  attend  a  pleasant 
stay  in  the  city. 


Engi; 


Club  of  Kansas  City. 


.\  REGULAR  meeting  of  this  Club  was  held  July  5.  in  the 
Club-room,  Vice-President  J.  A.  L.  Waddell  in  the  chair  ;  Q 
members  and  i  visitor  present. 

It  was  voted  that  the  regular  meeting  of  the  Club  on  Au- 
gust I  be  omitted,  and  that  in  its  stead  the  Club,  on  Mr. 
Chanute's  invitation,  visit  the  work  in  progress  at  that  time  on 
the  Chicago,  Santa  Fe  &  California  Railroad  bridge  over  the 
Missouri  River  at  Sibley. 

The  Secretary  presented  for  Mr,  H.  C.  Pearsons  his  regrets 
at  finding  it  impossible  to  prepare  the  paper  on  Standard 
Time,  which  he  had  promised. 

Mr.  Waddell  mentioned  some  experiments  on  the  Strength 
of  Cast-iron  Cable  Yokes,  made  in  St.  Louis  recently  by  Prof. 
J.  B.  Johnson  and  himself. 

At  the  request  of  Mr,  Mason  the  Secretary  read  abstracts 
from  the  annual  address  of  the  retiring  President  of  the  En- 
gineers' Club  of  Philadelphia. 

The  Secretary  presented  for  Mr.  G.  W.  Pearsons  a  set  of 
excellent  photographs  showing  the  progress  of  construction  on 
the  new  Kansas  City  Water  Works  at  Quindaro  and  Kaw 
Point  ;  also  from  the  American  Society  of  Civil  Engineers 
reports  of  the  various  committees  on  Standard  Time,  with 
other  papers  referring  to  the  subject. 


American  Society  of  Civil  Engineers. 

The  annual  convention  of  the  Society  practically  began  on 
Friday  morning.  July  i,  when  a  large  number  of  members  left 
New  Y'ork  on  the  Albany  Day  Line  steamboat.  At  Rhine- 
beck  they  landed  and  were  transferred  by  ferry  to  Rondout, 
whence  special  trains  carried  them  over  the  Ulster  iS:  Dela- 
ware, the  Stony  Clove  \-  Catskill  Mountain  and  the  Kaaters- 
kill  roads  to  the  Hotel  Kaaterskill. 

Arrived  there,  the  members  were  gathered  on  the  grand 
plateau  in  front  of  the  hotel,  and  Mr.  William  G.  Hamilton, 
Chairman  of  the  Committee  on  the  Convention,  presented  a 
very  witty  address  of  welcome. 

The  emblem  of  the  Society — a  white  flag  with  the  coat-of- 
arms  in  the  c°nter — was  unfurled,  after  which  the  members 
sang  an  original  composition,  entitled  "Salute  to  the  Flag." 
All  hands  then  formed  a  circle,  and  the  wassail  cup  was  passed 
around. 

After  singing  and  the  wassail  bowl,  supper  followed,  at 
which  each  lady  was  presented  with  a  bouquet  of  flowers  and 
the  compliments  of  the  Society, 

On  Saturday,  July  2,  the  convention  was  called  to  order  and 
Mr,  T.  C.  Clarke  was  chosen  Chairman, 

The  first  business  was  discussion  on  the  Inspection  and 
Maintenance  of  Railway  Structures,  Written  discussions  were 
presented  by  Messrs,  John  A.  Wilson,  of  Philadelphia;  Willard 
S.  Pope,  Detroit;  Charles  A,  Marshall,  Johnstown,  Pa,;  Al- 
bert Lucius.  New  York  ;  Andrew  Bryson,  New  York  :  E,  P. 
Dawlev,  New  York,  Providence  &  Boston  Railroad  ;  Samuel 
T.  Wagner;  E.  S.  Philbrick,  Boston;  J.  M.  Goodwin,  Sharps- 
ville.  Pa.,  and  J,  M,  Wilson,  The  subject  was  discussed  ver- 
bally by  Messrs.  Theodore  Cooper,  D.  J.  Whittemore,  Stanley 
H.  Goodwin,  A.  M,  Wellington,  P,  Roberts,  C.  C.  Schneider, 
Frederick  Graff,  Wm.  Kent  and  others. 

At  the  evening  session  President  Worthen  read  his  annual 
address,  which  was  a  summary  of  engineering  progress  during 
the  year,  and  was  full  also  of  interesting  reminiscences  of  the 
past. 

Sunday,  July  3,  there  were  religious  services  at  the  hotel, 
and  a  verv  appropriate  sermon  was  preached  by  Rev.  Mr. 
Miller,  of  Philadelphia. 

On  Monday,  July  4,  a  short  session  was  held,  at  which  Mr. 
G.  H.  Thompson  read  a  paper  on  the  old  locomotive  De  Witt 
C/iiiton.  Mr.  J.  F.  O'Rourke  read  a  detailed  description  of  the 
Poughkeepsie  Bridge. 

Mr.  Collingwood,  as  Chairman  of  the  Committee  on  Cement 
Tests,  made   a   report,  which  was   discussed   by  Messrs.  D.  J. 
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WhitieniMre,  J.  M.  Worthen.  D.  F.  Noyts.  William  I.  McAl- 
pine,  I".  C.  Prindle,  J.  F.  Flagg.  J.  Bogart,  C.  Tompkins.  K. 
P.  North,  K.  Kuichling,  E.  P.  Clarke,  P.  P.  Dicki-nson  and  B. 
F.  Church. 

In  the  afternoon  a  special  business  meeting  was  held  for  the 
purpose  of  raisii'R  a  building  improvement  fund  to  he  deVDted 
to  the  improvement  of  the  Society  House  in  New  York  City. 
or  to  erect  a  building  better  adapted  to  the  requirements  of  the 
Society  on  some  other  site.  A  subscription  was  started  and 
in  less  than  an  hour  $5,025  was  raised. 

In  the  evening  the  members  attended  a  ball  in  the  parlors  of 
the  hotel. 

On  Tuesday,  July  5,  a  large  number  of  the  members  left  the 
Hotel  Kaaterskill  in  the  morning  to  visit  the  Poughkeepsie 
Bridge.  They  were  taken  from  Rondout.  on  boats  provided 
by  the  Union  Bridge  Company,  to  the  bridge.  Kvery  portion 
of  the  bridge  accessible  was  examined  by  them,  and  all  were 
bountifully  supplied  with  refreshments  before  returning,  which 
was  late  in  the  evening.  The  members  who  remained  at  the 
hotel  witnessed  a  severe  mountain  storm.  The  forenoon  was 
misty,  followed  in  the  afternoon  by  a  severe  storm  of  both 
rain  and  wind.  Only  a  little  rain  was  seen  by  the  members 
visiting  the  bridge. 

On  Wednesday.  July  6,  Mr.  R.  E.  McMath  was  called  to  the 
chair,  Mr.  Clarke  being  absent.  Mr.  Frederick  P.  Stearns 
read  a  paper  on  Disposal  of  Sewage  in  Massachusetts.  A 
written  discussion  on  this  paper,  by  Charles  .\llen.  was  read, 
and  the  two  papers  were  verballv  discussed  by  Messrs.  E.  C. 
Clarke,  Emil  Kuichling,  R.  E.  McMath,  B.  S.  Church  and  VV. 
H.  Wiley. 

Professor  Thurston  called  attention  to  the  question  whether 
the  "  Land-grant  Colleges  "  were  fulfilling  the  purposes  for 
which  they  received  donations  of  public  lands. 

In  the  afternoon  Mr.  G.  Leverich  read  a  paper  on  Cable 
Railroad  Propulsion. 

Professor  R.  H.  Thurston  presented  a  blue  print  taken  by  a 
new  process.  Detailed  plans  were  exhibited  showing  the 
method  of  disposing  of  sewage  in  Newark.  \.  J. 

In  the  evening  a  business  meeting  was  held,  at  which 
Messrs.  Wm.  H.  Paine.  Clemens  Herschell,  Frederick  C.raff, 
R.  E.  McMath  and  C.  H.  Latrobe  were  appointed  a  committee 
to  nominate  officers  to  be  voted  for  at  the  annual  meeting. 

A  resolution  was  then  presented  by  R.  E.  McMath  for  the 
purpose  of  taking  the  sense  of  the  meeting  : 

"  ResolvtJ,  That  it  is  the  sense  of  this  meeting  that  it  is  ex- 
pedient to  create  a  grade  of  students  of  th,-  Society,  said  grade 
to  consist  of  young  men  over  iS  and  under  25  years  of  age, 
who  are  engaged  in  the  study  or  practice  of  engineering. 
Connection  with  the  Society  to  cease  as  each  individual  student 
reaches  the  age  of  25,  unless  he  shall  be  previously  elected  to 
a  higher  grade." 

The  privileges  proposed  to  be  granted  by  this  grade  are, 
attendance  at  meetings,  and  to  receive  the  transactions  of  the 
Society  by  the  payment  of  a  small  fee. 

After  a  long  discussion  the  resolution  was  referred  to  a 
•special  committee,  to  be  appointed  by  the  President,  which  is 
all  that  could  be  done  by  this  convention.  To  make  any 
change  in  the  constitution  it  will  be  necessary  to  submit  a  reso- 
lution at  the  annual  meeting  in  January,  and  then,  if  passed, 
this  resolution  will  be  sent  out  for  ballot  to  all  the  members  of 
the  Society. 

The  President  appointed  on  the  special  committee  Robert 
E.  McMath.  \V.  11.  Paine,  R.  H.  Thurston,  Robert  Moore, 
Frederick  Brooks. 

Mr.  E,  P.  Xorth  introduced  the  following  resolution  for  the 
purpose  of  bringing  the  subject  before  the  Society,  which  was 
introduced  by  Professor  Thurston  at  a  previous  meeting: 

"  KesolvcJ,  That  the  Board  of  Direction  of  the  Society  be 
requested  to  consider  the  advisability  of  appointing  a  Commit- 
tee on  Technical  Education  and  Professional  Training,  which 
shall  annually  report  to  the  Society  the  state  and  progress  of 
such  instruction  in  the  United  States  and  Europe  as  well,  to- 
gether with  such  data,  statistics  and  suggestions  relative  to 
the  subject  as  may  seem  to  them  proper.  Said  committee  to 
co-operate  with  similar  committees  of  other  engineering  so- 
cieties, should  such  be  advisable. 

"  Resolved,  That  such  committees  give  especial  attention  to 
the  matter  of  the  formation  and  administration  of  those  insti- 
tutions known  as  the  '  Land-grant  Colleges.'  established  by 
the  several  States  under  the  .Morrill  bill  of  1S62.  and  report  to 
what  extent  said  colleges  are  carrying  out  the  original  leading 
objects  prescribed  by  the  funds  donated  under  that  law  have 
been  applied  to  such  leading  objects,  and  to  what  extent,  if  at 
all,  diverted  from  their  original  purpose  ;  and,  further,  to  re- 
port what  manner  said  funds  may  be  in  the  future,  in  the 
opinion   of  the  committee,  rendered   most  useful   in   the  pro- 


motion of  the  industrial  arts  and  the  education  of  the  indus- 
trial classes." 

This  was  referred  to  the  Bo-ird  of  Direction. 

On  Thursday,  July  7,  the  Secretary  read  a  letter  from  an 
officer  of  the  Panama  Canal  Coinpany  (M.  Colnt)  taking  ex- 
ception to  statements  made  by  M.  Boulange  at  a  lecent  meet- 
ing of  the  Society.  The  subject  was  discussed  by  several 
members. 

A  discussion  of  Professor  Robinson's  paper  on  Vibration 
of  Bridges,  was  read  by  T.  H  Johnson.  This  was  followed 
by  papers  by  W.  H.  Booth  oii  Stresses  of  Bridges:  C.  A. 
Marshall  on  Compressive  Strength  of  Iron  and  Steel  ;  M. 
Moulton  on  the  Kentuckv  &  Indiana  Bridge  over  the  Ohio  at 
Louisville. 

A  discussion  on  A.  M.  Wellington's  paper  on  the  American 
Line  from  \cra  Cruz  to  the  City  of  Mexico  was  read  by  Mr. 
O.  L.  Nichols,  and  replied  to  by  Mr.  Wellington. 

In  the  evening  the  closing  session  was  held,  when  the  sub- 
ject of  the  Maintenance  and  Inspection  of  Bridges  was  taken 
up  again  and  discussed  by  Messrs.  J.  M.  Wilson,  G.  H.  Peg- 
ram,  J.  .\.  L.  Waddell,  I.  Bouscaren,  G.  Lindenthal  and  J.  S. 
Dagron. 

The  convention  then  adjourned. 

On  Thursday  evening  the  annual  bani]uet  was  held  at  the 
Hotel  Kaaterskill.  Mr.  \V.  G.  Hamilton  presided  and  130 
members  and  guests  were  at  the  table. 

On  Friday,  July  8.  the  members  left  the  hotel  and  went  by 
rail  to  Kingston.  Here  some  of  them  continued  on  their  way 
home,  while  others  left  the  train  for  Binne  Water  to  e.xamine 
the  cement  works,  by  invitation  of  F.  ().  Norton. 

After  the  inspection  of  the  cement  works  and  lunch  the 
party  returned  to  Kingston  and  left  by  West  Shore  train  for 
New  York,  where  they  arrived  early  in  the  evening. 

An  adjourned  business  meeting  was  held  in  New  York,  July 
13.  The  following  were  declared  elected  members:  John  Fer- 
ris  Alden,  Rochester.  N.  Y.;  Frank  M.  Ashme.id.  Hulton,  Pa.; 
Wm.  H.  Kreithaupt  (promoted  from  Junior).  Kansas  City. 
Mo.;  Ulvsses  Stanislaus  Lutz.  Bloomsburg.  Pa.;  lames  M. 
Shanly.  Montreal,  Canada. 

The  following  circular  has  been  issued  : 

"  At  an  informal  meeting  held  at  the  Hotel  Kaaterskill  on 
July  4,  1SS7,  at  which  a  number  of  the  members  of  the  Society 
were  present,  the  President,  Mr.  William  E.  Worthen.  stated 
that  the  Society  has  jjrown  to  such  extent  that  the  present 
house  had  become  inadequate,  particularly  for  the  meetings 
and  for  the  convenient  use  of  the  library,  and  that  it  seemed 
of  great  importance  to  the  welfare  of  the  Society  that  some- 
thing should  be  done  either  towards  building  an  addition  to 
the  present  house,  or,  if  it  were  practicable,  the  purchase  of 
larger  and  more  commodious  quarters. 

"  The  following  resolutions  were  adopted  : 

'•  '  Whereas,  the  accommodation  of  the  present  Society  liuild- 
ing  is  entirely  inadequate  for  the  purposes  of  the  Society,  and 
it  is  deemed  advisable  without  delay  either  to  provide  new 
quarters  or  an  enlargement  of  the  present  building. 

"  '  Resolved.  That  the  members  and  friends  of  the  Society  are 
urged  to  contribute  10  the  Building  Fund  as  they  may  be  able, 
in  order  that  immediate  measures  may  be  taken  by  the  Board 
to  accomplish  this  object. 

"  'Resolved,  That  the  Board  in  its  discretion  may  expend  a  rea- 
sonable sum  in  an  addition  to  the  present  building.' 

"  The  sum  of  ^5,22-;  was  directly  subscribed  by  gentlemen 
present. 

"  The  Board  of  Direction  desires  to  take  measures  either 
towards  the  enlargement  of  the  present  house  or  towards  the 
purchase  of  other  property.  The  determination  as  to  which 
of  these  courses  shall  be  taken  must  depend  largely  upon  the 
amount  of  subscriptions  to  the  Building  Fund  which  shall  be 
received  within  a  short  time.  The  subject  therefore  is  pre- 
sented to  the  members  and  friends  of  the  Society.  The  Board 
of  Direction  feels  that  something  must  be  done,  and  asks  such 
response  as  may  aid  it  in  determining  what  is  for  the  best  in- 
terests of  the  Society." 


Master  Mechanics'  Association. 

Mr.  Angus  Sinclair,  Secretary,  issues  a  circular  giving  the 
following  list  of  subjects  for  the  next  convention,  with  the 
committees  appointed  by  President  Setchel  to  report  on  each 
subject : 

I.  Relative  Proportions  of  Cylinders  and  Driving  Wheels  to 
Boilers:   Charles  Hlackwell.  Clem  Hacknev.  1.  I.  McGravel. 
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2.  Guides:  James  N.  Lauder,  W.  J.  Robinson,  H.  S.  Kol- 
seth. 

3.  Extension  Smoke-boxes,  and  Brick  and  other  Fire-box 
Arches:  John  Hickey,  \V.  L.  Foster,  E.  L.  Weisgerbcr. 

4.  Springs  and  Equalizers  :  John  Mackenzie,  J.  S.  Porter. 
Wm.  Swanston. 

5.  Tires  ;  Advantage,  or  Otherwise,  of  Using  Thick  Tires  : 
J.  \V.  Stokes,  C.  E.  Smart.  Henry  Schlacks. 

6.  Purification  or  Softening  of  Feed-Water  :  Herbert  HarV- 
ney.  John  I'layer.  \V.  T.  Small. 

7.  Prevention  of  Dangerous  Escape  of  Live  Coal  and  Sparks 
from  Ashpans  ;  G.  W.  Ettenger,  E.  D.  Anderson,  W.  H. 
Thomas. 

^.  Tender  Trucks;  E.   M.   Roberts.   H.  D.  Gordon,   H.  D. 

y.  Traction  Increasers  in  Connection  with  Over-Cylindered 
Engines;  J.  Davis  Harnett,  F.  L.  Wanklyn.  T.  J.   Hatswell. 

10.  The  .Magnetic  Influence  of  Iron  and  Steel  in  Locomo- 
tives on  the  Watches  of  Engine-Runners;  lames  Meehan, 
Harvey  Middleton,  T.  W.  Gentry. 

11.  Amendment  of  the  Constituiion  ;  .'.  Davis  Barnett,  M. 
N.  Forney.  A.  Pillsbury,  J.  N.  Lauder,  .Angus  Sinclair. 

Committef  s  to  pi  epare  Obituaries  or  Memorials  of  Deceased 
Members;  On  William  Woudccck;  Thomas  Millen.  C.  G. 
Williams.  L.  M.  Ame;..  On  H.  G.  Brooks;  M.  L.  Hinman. 
George  W.  Stevens.  W.  K.  Turreff.  On  George  Colhv  ;  A. 
B.  Underhill,  O.  Stewart,  John  Thompson.  On  W.  W.  Evans: 
.M.  N.  Forney,  Reuben  Wells.  E.  H.  Williams.  On  George 
E.  Howe:  J.  M.  Foss.  J.  T.  Gordon,  A.  Pillsbury. 

The  address  of  the  .Secretary  is  now  N'o.  175  Dearborn 
Street,  Chicago. 


Engineers'  Club  of  Minneapolis. 

-At  a  regular  meeting  held  in  Minneapolis,  Minn.,  June  24, 
President  G.  W.  Sublette  was  appointed  a  delegate  to  the  con- 
vention of  the  American  Society  of  Civil  Engineers.  A  joint 
committee  was  appointed  to  arrange  wilh  the  St.  Paul  Club 
for  an  excursion. 

On  motion  the  President  appointed  Messrs.  Cappeler.  Pike, 
Houston,  Redfield  and  Pardee  a  Standing  Committee  on  Tests 
of  Materials,  to  confer  with  the  State  University  authorities 
with  reference  to  a  series  of  tests  of  local  materials  to  be  con- 
ducted with  a  view  of  correcting  the  tables  on  strength  of 
materials. 


Car-Wheel  Manufacturers'  Association. 

At  a  meeting  recently  held,  a  number  of  the  manufacturers 
of  car-wheels  agreed  to  form  an  association  for  the  purpose  of 
discussing  questions  in  connection  with  the  manufacture  of 
car-wheels,  the  best  methods  of  making  and  testing  wheels 
and  similar  matters.  Another  object  of  the  .Association  is  to 
endeavor  to  secure  uniform  sizes  of  wheels  and  uniform 
methods  of  testing.  With  a  view  to  secure  the  concurrence  of 
railroad  olficer*  in  some  of  these  points,  especially  as  to  a  uni- 
form system  of  testing,  the  Association  appointed  a  committee 
to  confer  with  the  Master  Mechanics  and  the  Master  Car- 
Builders.  Both  of  those  associations  have  appointed  com- 
mittees to  confer  with  the  car-wheel  manufacturers,  thus 
forming  a  joint  committee  which  will  probably  hold  several 
meetings  during  the  year. 

The  .Association  does  not  intend  in  any  way  to  arrange  or 
influence  the  prices  of  wheels,  its  object  being  merely  to  discuss 
questions  connected  with  their  manufacture.  .Any  car-wheel 
maker  can  join  it.  if  he  desires. 

The  officers  of  the  Association  are  ;  President,  W.  H.  Bar- 
num  ;  Vice-President.  J.  H.  Bass  :  Secretary.  W.  W.  Lobdell  ; 
Treasurer.  N.  P.  Bowler;  Executive  Committee,  J.  R.  Whit- 
ney, W.  W.  Snow,  X.  S.  Boughton  and  E.  B.  Tippetts. 

The  following  is  the  Constitution  adopted  by  this  new  Asso- 
ciation : 

Article  i.  Preaml'le. — The  object  of  this  Association  is  for 
the  purpose  of  securing  stated  meetings,  to  interchange  views, 
and  consider  various  subjects  as  may  be  thought  best  for  their 
mutual  advantage. 

Article  2.  Name. — The  organization  shall  be  known  as  the 
Chilled  Car-Wheel  Manufacturers'  .Association. 

Article  3.  Mandgement. — The  affairs  of  the  Association 
shall  be  conducted  by  a  President.  \'ice-President,  Secretary 
and  Treasurer,  who,  with  a  board  of  managers,  consisting  of 
five  members,  shall  form  an  Executive  Committee,  suchoflScers 
to  be  elected  at  their  annual  meeting. 


Article  4.  Finances. — The  funds  of  the  Association  shall  be 
under  the  control  of  the  Executive  Committee,  who  shall  make 
assessments  at  such  times  as  may  be  necessary  to  meet  the 
actual  expenses  of  the  Association. 

Articles.  .^I embers  In {<. — Anyone  engaged  in  the  manufac- 
ture of  chilled  cast-iron  car  wheels  is  entitled  to  membership 
in  the  .Association  by  signing  its  Constitution. 

Article  6  .Meelini^s. — The  Executive  Committee  shall  pro- 
vide for  annual  meetings,  and  for  such  special  meetings  as  it 
may  deem  fit  for  the  interest  of  the  .Association,  and  it  shall, 
at  the  written  request  of  one-third  of  the  membership  of  the 
Boaid  of  Managers,  call  special  meetings. 

Article  7.  Amendments. — This  Constitution  may  be  altered 
or  amended  by  a  two  thirds  vote  of  the  members  of  the  Associ- 
atiiin  present,  either  in  person  or  by  proxy,  at  any  of  the  meet- 
ings called  for  that  purpose,  with  notification  of  such  proposed 
change,    which  shall  be  given  20  days  previous  to  the  meet- 


Association  of  Railroad  Telegraph  Superintendents. 

The  sixth  annual  meeting  began  at  the  Tremont  House, 
Boston,  July  13.  President  A.  R.  Swift  in  the  chair.  A  number 
of  new  members  were  admitted. 

The  chief  discussion  of  the  first  day's  session  was  upon  the 
subject  of  superfluous  and  improper  messages  sent  over  the 
railway  telegraph  wires  and  the  best  method  for  delecting 
them  and  enabling  the  superintendents  to  abtain  tolls  on  same. 
It  was  suggested  that  a  committee  be  appointed  o  ascertain 
if  an  instrument  could  be  devised  and  manufactured  for  the 
purpose  of  detecting  and  recording  all  messages  passing  over 
the  wires  and  to  be  termed  an  automatic  recording  register. 
.After  the  unanimous  vote  of  those  present  in  favor  of  this 
suggestion,  it  was  decided  upon  that  the  committee  referred  to 
should  visit  the  great  commercial  telegraph  offices  in  New 
Vork,  and  there  inspect  the  various  kinds  of  apparatus  in  use. 
President  Swift  appointed  the  following  committee  for  the 
purpose  named  ;  >iessrs.  S.  S.  Bogart,  W.  ) .  Holmes,  C.  E. 
Topping,  C.  Selden  and  M.  Magiff.  It  was  then  agreed  upon 
that  this  committee  be  authorized  to  extend  an  invitation  to 
manufacturers  of  recording  instruments  to  submit  plans  for  a 
recording  register  which  would  meet  the  requirements  of  the 
members  of  the  Association. 

After  inspecting  a  number  of  exhibits  of  electrical  apparatus, 
the  members  went  on  a  steamboat  excursion  to  Xantasket 
Beach. 

( )n  the  second  day  Mr.  G.  L.  Lang,  Chairman  of  the  Com- 
mittee on  the  .Alphabet,  reported  on  the  advisability  of  sub- 
stituting something  in  place  of  the  long  dash  to  represent  the 
cipher.  While  the  desirability  of  some  substitute  was  acknowl- 
edged, no  agreement  could  be  reached  as  to  what  to  substitute, 
and  the  Committee,  therefore,  made  no  recommendation. 
There  was  an  interesting  discussion  on  the  report,  and,  while 
all  of  the  speakers  acknowledged  that  some  change  ought  to 
be  made,  inasmuch  as  the  same  symbol  is  used  to  represent 
the  letter  L  and  the  cipher,  no  one  suggested  any  substitute 
It  was  finally  voted  to  instruct  the  Committee  to  decide  for 
the  association  upon  some  symbol.  Mr.  Lang  declined  to 
serve  longer,  and  the  committee  was  constituted  as  follow.-  : 
Messrs.  Selden,  Holmes  and  Topping. 

It  was  voted  to  hold  the  next  meeting  in  New  York  on  the 
second  Wednesday  in  July.  18SS.  The  Association  proceeded 
to  the  election  of  oflicers,  which  resulted  as  follows  ;  President. 
George  L.  Lang,  New  Vork  iS:  Xew  England  ;  Vice-President, 
G.  C.  Kinsman,  Wabash  ;  Secretary  and  Treasurer,  P.  W. 
Drew,  Chicago  iV  Eastern  Illinois. 

A  general  discussion  took  place  upon  the  use  of  electricity 
in  connection  with  track  signals,  lighting  of  cars,  etc..  and 
various  gentlemen  told  about  their  acquaintance  with  the  sub- 
ject on  their  own  lines  of  railroad. 

After  a  short  discussion  on  the  Telegraphers'  Union  ard 
some  routine  business,  the  convention  adjourned. 


Fast  Steamers. — The  fast  time  made  by  the  steam  yacht 
Stiletto,  built  by  the  HerreshofTs  at  Bristol,  R.  I.,  attracted  much 
attention  last  year.  .As  has  been  already  noted,  the  Stiletto 
has  been  sold  to  the  Xavy  Department.  The  Herreshoffs 
have  just  completed  a  yacht  for  Mr.  X.  L.  Munro,  of  New 
York,  which  made  on  its  trial  trip  from  Newport  to  New  York 
an  average  speed  of  24  miles  an  hour.  This  yacht,  which  is 
named  Xo-.v  Then,  has  the  following  measurements  :   Length 

:  overall,  85  ft.;  water  line,  Si  ft,;  beam,  loft. :  draft  of  water, 
3  ft.  3  in.      Her  speed,  however,  does  not  quite  equal   that  at- 

I    tained  by  some  English  torpedo-boats. 
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PERSONALS. 

Mr.  F.  T.  Perris  is  Chief  Engineer  of  the  new  CiUfornia 
Central  Railroa.i. 

Mr.  Charles  M.  Babbitt  is  Chief  Engineer  in  charge  of  the 
location  of  tlic  new  Arkansas  &  Louisiana  Railroad.  | 

Mr.  C.  H.  Prescott  has  resigneil  his  position  as  Manager  of 
the  Oregon  Railway  \  Navigation  Company's  lines. 

Major  James  F.  Gregory,  U.  S.  Kngineers,  is  assigned  to 
duty  as  Engineer  Secretary  of  the  Lighthouse  Board. 

Lieutenant-Commander  John  K.  Winn  has  been  ordered 
to  duty  as  Inspector  of  tlie  Seventh  Lighthouse  District. 

Mr.  J.  A.  Cooper  has  resigned  his  position  as  Master  Me- 
chanic of  the  New  York,  Pennsylvania  iS;  Ohio  Railroad.  I 

Mr.  John  Adair  has  been  appointed  Master  Mechanic  in 
charge  of  the  Baltimore  iS:  Ohio  shops  at  (Irafton,  \V.  Va. 

Mr.  T.  P.  Jacob  has  resigned  his  position  as  Master  Me- 
chanic of  the  I'hird  Division  of  the  Mexican  Central  Railway. 

Captain  John  C.  Mallery,  U.  S.  Engineers,  is  assigned  to 
duty  as  Engineer  of  the  Fifth  and  Sixth  Lighthouse  Districts. 

Major  David  P.  Heap,  U.  S.  Engineers,  is  assigned  to 
duty  as  Engineer  of  the  Third  and  Fourth  Lighthouse  Districts. 

Mr.   Frederick  Mertzheimer  has  been  appointed  Master 
Mechanic  of  the  Kansas  Division  of  the  Union  Pacific  Rail-    \ 
way. 

Lieutenant-Commander  Joseph  F.  Noel,  United  States 
Navy,  has  resigned  his  commission,  to  take  effect  immedi- 
ately. 

Mr.  George  Leighton  is  Chief  Engineer  of  the  Mobile  &    ! 
Dauphin    Island    Railroad,  and  has   his  office   in   Mobile,  Ala- 
bama. 

Mr.  W.  BraiJburn  has  been  appointed  Resident  Engineer 
of  the  Texas  &  Pacific  Railway,  with  headquarters  at  Marshall, 
Texas. 

Mr.  G.  C.  Dunham  is  appointed  Engineer  of  the  Lake 
.Shore  &  Michigan  road,  in  place  of  O.  D.  Richards,  trans- 
ferred. 

Mr.  Jonathan  Barrett  is  Chief  Engineer  of  the  new  West 
Virginia  Railroad,  and  has  his  headquarters  at  Morgantown, 
W.  Va. 

Mr.  Samuel  W.  Armistead  has  been  appointed  Assistant 
Naval  Constructor  in  the  United  States  Navy,  to  date  from 
June  30. 

Mr.  O.  H.  Tripp,  of  Rockland,  Me.,  is  Chief  Engineer  of 
the  Camden,  Rockport  &  Rockland  Railroad,  now  under  con- 
struction. I 

Mr.  Charles  M.  Hays  is  appointed  General  Manager  of 
the  Wabash  Western  Railroad,  to  succeed  A.  A.  Talmage, 
deceased. 

Lieutenant  J.  V.  B.  Bleecker,  U.  S.  N.,  has  been  ordered 
to  duty  as  inspector  of  steel   for  the    new  cruisers   now  under 


Mr.  W.  A.  Pratt  has  been  appointed  Engineer  of  Mainten- 
ance of  Way  of  the  Philadelphia  Division  of  the  Baltimore  & 
Ohio  Railroad. 

Mr.  Samuel  Eagan  has  been  appointed  Master  Mechanic 
of  the  Colorado  Division  of  the  Union  Pacific  Railway,  with 
office  in  Denver. 

P.  E.  Le  Fevre,  U.  S.  N.,  has  been  appointed  Superin- 
tending Engineer  of  the  Ocean  Steamship  Company,  with 
office  in  New  York. 

Mr.  H.  B.  Hodges,  Chemist  of  the  Union  Pacific  Railway, 
has  been  made  Acting  Engineer  of  Tests  in  place  of  C.  H.  Mc- 
Kibbin,  transferred. 

Mr.  Elliott  Holbrook,  late  Chief  Engineer  of  the  Pittsburgh 
iS:  Lake  Erie  Railroad,  has  been  appointed  General  Superin- 
tendent of  that  road. 

Lieutenant  J.  M.  Robinson,  U.  S.  N.,  has  been  detached 
from  the  Miiiiiesola  and  ordered  to  duty  as  Inspector  of  steel 
for  the  new  cruisers. 

Mr.  C.  H.  McKibbin,  late  Engineer  of  Tests  of  the  Union 
Pacific  Railway,  has  been  appointed  Storekeeper  of  the  road, 
with  office  in  Omaha. 

Captain  Richard  W.  Meade,  U.  S.  N.,  will  take  command 
of  the  Washington  Navy  Yard  in  September,  relieving  Cap- 
tain Rush  A.   Wallace. 

Major  Joseph  P.  Farley,  U.  S.  Ordnance  Corps,  is  assigned 
to  dutv  as  a  member  of  the  board  for  testing  rifled  cannon, 
with  station  at  New  York. 


Colonel  William  Kerrigan  has  resigned  his  position  as 
(ieneral  Suiierintcndent  of  the  Missouri  Pacific  Railway,  and 

will  engage  in  other  business. 

Captain  Otto  E.  Michaelis,  U.  S.  Ordnance  Corps,  is 
assigned  to  the  command  of  the  Kennebec  Arsenal,  Maine,  re- 
lieving Major  Frank  H.  Phipps. 

Mr.  A.  M.  Miller  is  appointed  Master  Mechanic  of  the  Cas- 
cade Division  of  the  Northern  Pacific  Railroad,  with  office  at 
Ellensburg,  Washington  Territory. 

Major  Frank  H.  Phipps,  U.  S.  Ordnance  Corps,  is  assigned 
to  the  command  of  the  United  States  Powder  Depot,  Dover, 
N.  J.,  relieving  Major  Joseph  P.  Farley. 

Mr.  S.  B.  Crawford  has  been  ajipointed  Master  Mechanic 
of  the  Baltimore  .>;:  Ohio  Railroad  shops  at  Mt.  Clare.  Balti- 
more, in  place  of  Adam  Beckert,  resigned. 

Commodore  James  A.  Green,  U.  S.  N.,has  been  detached 
from  dutv  as  President  of  the  Naval  Examining  Board,  and 
ordered  to  command  the  European  station. 

Mr.  O.  D.  Richards  is  appointed  Engineer  of  the  Michigan 
Southern  Division  of  the  Lake  Shore  &  Michigan  Southern 
Railroad,  in  place  of  Benjamin  Reece,  resigned. 

Mr.  George  W.  West  has  been  appointed  Master  Me- 
chanic of  the  Eastern  Division  of  the  New  York,  Pennsylvania 
\-  Ohio  Railroad,  succeeding  J.  A.  Cooper,  resigned. 

Dr.  Thomas  B.  Comstock,  Professor  of  Mining  Engineer- 
ing in  the  University  of  Illinois,  at  Champaign,  has  been  ap- 
pointed Assistant  Geologist  for  the  State  of  .Arkansas. 

Mr.  T.  Tresize  has  been  appointed  Master  Mechanic  of  the 
Philadelphia  Division  of  the  Baltimore  .V  Ohio  Railroad.  He 
was  recently  General  Foreman  of  the  shops  at  Sandy  Hook. 

Mr.  H.  S.  Rowe,  Superintendent  of  the  Oregon  Railway  & 
Navigation  Company's  lines,  will  hereafter  perform  the  duties 
of  Manager,  in  place  of  Mr.  C.  H.  Prescott,  who  has  resigned. 

Mr.  Washington  Lavery  has  been  appointed  Master  Me- 
chanic of  the  Mahoning  Division  of  the  New  York,  Pennsyl- 
vania &  Ohio  Railroad,  succeeding  George  W.  West,  trans- 
ferred. 

Mr.  Charles  Macdonald,  of  the  Union  Bridge  Company, 
has  started  for  .Australia,  on  business  connected  with  the 
Hawkesbury  Bridge.  He  expects  to  be  gone  three  or  four 
months. 

Mr.  William  F.  Durfee,  a  well-known  metallurgist  and 
engineer,  has  been  appointed  General  Manager  of  the  Penn- 
sylvania Diamond  Drill  Company,  whose  works  are  at  Birds- 
boro.  Pa. 

Mr.  George  Gibbs  has  been  appointed  Mechanical  Engineer 
of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  and  will  have 
his  headquarters  in  Milwaukee.  He  has  been  Engineer  of 
Tests  for  some  time. 

Mr.  James  Carton  has  been  appointed  Roadmaster  of  the 
Gulf,  Colorado  \-  Santa  Fe  Railroad,  with  headquarters  at 
Fort  Worth,  Tex.  He  was  recently  on  the  Jeffcrsonville, 
Madison  &  Indianapolis  road. 

Mr.  E.  L.  Corthell,  who.  for  three  years  has  held  the  posi- 
tion of  Chief  Engineer  of  the  Tehuantepec  Ship  Railway  is  to 
retain  that  position.  The  report  that  Colonel  Andrews,  of 
Allegheny,  Pa.,  is  to  take  this  position  is  without  foundation. 

Mr.  W.  P.  Freret,  has  been  ajipointed  Supervising  Archi- 
tect of  the  Treasury  Department  in  place  of  M.  E  Bell, 
resigned.  Mr.  Freret  is  a  well-known  architect  of  New 
Orleans,  and  has  had  charge  of  some  important  works  in  that 
city. 

Mr.  Robert  B.  Lyle,  for  some  time  past  connected  with  the 
Missouri  Car  t^  Foundry  Company,  and  formerly  Purchasing 
Agent  of  the  Missouri  Pacific  Railroad,  has  been  made  Man- 
ager of  the  St.  Louis  branch  house  of  Park  Brothers  &  Co., 
Limited. 

Mr.  W.  C.  Quincy  has  resigned  his  position  as  General 
Manager  of  the  Pittsburgh  ..V  Lake  Erie  Railroad.  He  has 
had  char.ge  of  that  road  since  its  first  construction.  Mr. 
Quincy  has  accepted  a  position  with  the  large  iron  house  of 
Jones  &  Laughlins,  in  Pittsburgh. 

Mr.  George  S.  Rice  has  been  appointed  Deputy  Chief 
Engineer  of  the  New  Croton  Aqueduct  for  New  York  City. 
He  has  been  connected  as  Assistant  Engineer  with  the  water- 
works of  Lowell,  Mass.,  and  Boston,  and  was  recently  Princi- 
pal Assistant  Engineer  of  the  new  sewerage  system  of  Boston. 
M.  Adolph  Greiner  has  been  chosen  Director-General  of 
the  great  works  of  the  Socii-tc  John  Cockerill,  at  Seraing,  Bel- 
gium, in  place  of  Baron  Saooine,  who  retires.  M.  Greiner  has 
been  connectedwith   these  works  ever  since  he  graduated  from 


Vol.  LXI,  No.  8.] 


ENGINEERING    JOURNAL. 


the  School  of  Mines  at  Lifege,  and  has  been  for  several  years 
head  of  the  Steel  Department. 

Mr.  Edward  Nichols,  who  succeeds  the  late  H.  G.  Hrooks 
as  I'residciu  of  tiic  Hrooks  Locomotive  Woi;ks,  is  an  engineer 
by  profession,  having  graduated  from  the  Rensselaer  Poly- 
technic Institute.  He  has  for  a  number  of  years  been  con- 
nected with  large  iron  and  steel  interests  in  Pennsylvania.  He 
was  recently  President  and  Superintendent  of  the  Ridge  Val- 
ley Iron  Company,  of  Georgia,  and  Vice-President  of  the 
Warren-Scharf  Asphalt  Paving  Company  of  N'ew  York. 


NOTES   AND    NEWS. 


Narrow-Gauge  Changes.— The  Toledo  Division  of  the 
Toledo,  St.  Louis  \  Kansas  City  Railroad  has  been  changed 
from  3  ft.  to  standard  gauge.  The  section  changed  is  206 
miles  long.  The  St.  Louis  Division  of  the  road  will  be  changed 
shortly. 

The  John  Scott  Medal.— The  City  of  Philadelphia,  on  the 
recommendation  of  the  Franklin  Institute,  according  to  custom, 
has  awarded  the  John  Scott  Medal  and  premium  to  the  Hall 
Steam  Pump  Coiiipany,  of  New  York  and  Wilmington,  Del  , 
for  its  Duplex  Steam  Pump. 

Philadelphia  Elevated  Railroads.  —  Two  organized 
companies — the  Consolidated  Transit  and  the  Philadelphia  & 
Northeastern — are  now  applicants  lor  rights  to  build  elevated 
railroads  in  certain  streets  in  Philadelphia.  Both  have 
offered  to  pay  considerable  sums  for  the  concession. 

Baltimore  &  Ohio  Employes  Relief  Association.— The 
May  report  shows  payments  of  §26,606  in  benefits  to  1,007 
members  of  this  Association.  There  were  4  ceaths  from  acci- 
dent and  14  from  disease  ;  331  cases  of  accidental  injury  and 
533  of  sickness.      In  addition  there  were   125    physicians'  bills 


Iron  in  Brazil. — Large  deposits  of  magnetic  iron  ore  have 
long  been  known  to  exist  in  Brazil,  and  several  mines  have  been 
opened  up  in  the  Iquape  District.  Experiments  have  shown 
that  iron  of  a  very  fine  quality  can  be  made  from  this  ore.  It 
is  now  proposed  to  establish  iron  works  in  connection  with  the 
mines. 

German  Rail  Contracts. — The  Monitenr  Indtislriel  {Brus,- 
sels),  asserts  that  the  German  railmakers  have  formed  a  pool 
or  syndicate,  the  object  of  which  is  practically  to  exclude  from 
all  contracts  in  Germany  the  John  Cockerill  Works  at  Seraing, 
Belgium.  These  works  have  heretofore  furnished  large 
quantities  of  rails  to  Germany. 

Brooklyn  Elevated  Railroads. — The  new  elevated  rail- 
road— the  Kings  County  line — is  now  under  construction  at  a 
rapid  rate,  the  legal  obstacles  having  been  removed  by  a  deci- 
sion of  the  Court  of  Appeals.  The  foundations  are  completed 
for  4^  miles  and  the  superstructure  about  a  mile.  Contracts 
for  equipment  have  been  let,  and  the  road  will  probably  be  in 
operation  by  December  next. 

Oil  Barges. — The  Standard  Oil  Company  has  contracted 
with  John  Roach's  Sons,  Chester,  Pa.,  for  the  construction  of 
an  iron  barge  for  carrying  oil  in  bulk  in  the  coastwise  trade. 
The  barge  will  be  153  ft.  long,  and  have  275,000  gallons  capa- 
city. She  will  be  towed  in  the  same  manner  that  the  coal 
barges  are  to  the  coastwise  ports.  If  this  barge  proves  a  suc- 
cess furtner  contracts  will  be  given. 

Bridging  the  British  Channel. — M.  Arnaudeau,  in  the 
Revue  Scienti/u/iie,  proposes  a  bridge  from  Dover  to  Calais, 
which  shall  carry  a  pneumatic  tube  large  enough  to  transport 
the  mails  and  small  packages.  His  plan  is  to  build  towers 
some  400  ft.  high  above  the  water  level  and  about  halt  a  mile 
apart,  and  to  suspend  the  tube  from  these  towers  by  wire 
cables.  The  towers  are  to  be  of  such  size  that  additional 
tubes  can  be  added,  if  needed.  The  tubes  can  also  carry  tele- 
graph and  telephone  wires. 

High-Pressure  Steam  for  Steam  Jackets. — It  is  now 
recommended  by  some  English  engineers  that  the  steam  for 
the  cylinder  jackets  of  compound  engines  should  be  gener- 
ated in  a  special  boiler,  and  of  a  higher  pressure  than  the  steam 
used  to  drive  the  engine,  and  that  as  high  a  piston-speed  should 
be  obtained  as  can,  with  safety,  be  adopted — as  in  engines 
with  a  high  piston-speed,  everything  else  being  taken  into  con- 
sideration, there  was  not  the  same  initial  and  permanent  con- 
densation taking  place  in  the  cvlinders. 

Petroleum  by  Caravan.- A  letter  from  Baku  in  the  Trans- 
caucasus,  Russia,  says  that  a  new  market  has  opened  for  the 
petroleum  produced  there.  A  company  has  been  formed  at 
Baku  by  several  owners  of  camel  caravans  for  the  purpose  of 


introducing  petroleum  into  Persia  by  the  overland  route 
through  .Mughan.  Several  caravans  have  been  sent,  but  they 
did  not  get  beyond  Mughan,  because  in  each  case  the  oil  was 
all  sold  there.  It  is  now  intended  to  increase  the  caravans  to 
51X)  camels  each,  and  it  is  expected  that  a  considerable  trade 
can  be  built  up. 

Prizes  for  Engineering  Papers.-— The  Director  General 
of  Roads  and  Bridges  in  France,  under  authority  from  the 
Minister,  has  recently  awarded  prizes  for  papers  written  during 
the  past  year,  as  follows  :  Gold  medal,  600  francs,  to  M.  A. 
Considfere,  Chief  Engineer,  for  his  paper  on  the  Use  of  Iron 
and  Steel  in  Construction  ;  gold  medals,  200  francs,  to  M.  R. 
Barabant,  Chief  Engineer,  for  his  paper  on  Studies  of  Travel 
in  London,  and  to  M.  .\.  E.  Iletier,  Chief  Engineer,  for  his 
paper  on  Resistance  of  Materials  in   Sustaining  Walls. 

The  Siberian  Railroad. — It  is  stated  that  the  Russian  Gov- 
ernment has  resolved  to  push  work  on  the  Siberian  Railroad, 
with  a  view  to  completing  it  within  five  years.  This  line  is 
now  completed  to  Ekaterinberg,  and  work  is  in  progress  from 
that  point  to  Tiumen.  The  new  plan  is  to  begin  work  at  once 
on  the  sectiim  from  Tiumen  to  Tomsk,  the  capital  of  Western 
Siberia.  From  Tomsk  the  road  will  run  to  Irkutsk  and  thence 
to  Stretinsk  or  Boorsa  on  the  Amoor  River,  whence  steam- 
boats run  down  the  river  to  Vladivostock,  the  Russian  naval 
station  on  the  Pacific. 

Large  Lake  Vessel. — The  new  steel  steamship  Oswego  was 
launched  at  Buffalo,  July  7.  She  is  owned  by  the  Union 
Steamboat  Company,  and  her  dimensions  are  :  Length  over 
all,  357  ft.;  between  perpendiculars,  326  ft.;  molded  depth  at 
lowest  point,  2^%  ft.;  beam  molded,  41  ft.  She  is  expected 
so  carry  2,800  tons  of  cargo  on  I5>^  ft.  draft  of  water.  She 
has  a  double  bottom  3  ft.  deep,  which  can  be  filled  with  water, 
giving  her  about  Soo  tons  of  ballast.  The  Oswego's  engines 
are  of  the  triple-expansion  pattern,  with  cylinders  28,  42 Ji  and 
72  in.  in  diameter  and  54  in.  stroke.  There  are  six  boilers, 
the  working  pressure  on  which  will  be  r6o  lbs. 

Heavy  Gun  Lathes. — The  two  lathes  built  for  turning  and 
boring  heavv  guns  are  to  be  removed  from  the  South  Boston 
Iron  Works  to  the  Watervliet  Arsenal  at  West  Troy,  N.  Y. 
One  of  these  lathes  weighs  145  tons  and  the  other  175  tons,  and 
both  can  take  in  work  40  ft.  long.  With  them  is  a  crane  built 
purposely  to  lift  the  guns  and  put  them  in  position  on  the 
lathe.  One  of  the  great  lathes  was  built  at  South  Boston,  the 
other  at  the  Springfield  Arsenal ;  both  are  the  property  of  the 
Government.  Several  lo-in.  and  12-in.  guns  have  been  turned 
on  them. 

At  the  Watervliet  Arsenal  preparations  are  in  progress  for 
the  establishment  of  an  extensive  plant  for  making  heavy  guns 
for  the  army. 

Steel  Castings  for  Ships. — June  iS,  the  Standard  Steel 
Works,  Thurlow,  Pa.,  cast  a  steel  stern-post  for  gunboat  No. 
I  and  an  engine  bed-plate  for  the  cruiser  Baltimore,  which 
vessels  are  being  constructed  at  Cramp's  yards,  at  Philadel- 
phia. The  stern-post,  weighing  15,000  lbs.,  was  cast  without 
a  defect. 

The  steel  stern-post  for  the  cruiser  Charleston  was  success- 
fully cast  at  Sa"  Francisco,  June  22.  The  post  is  22  ft.  long 
on  the  keel,  with  an  upright  of  20  ft.  and  weighs  upward  of 
15,000  lbs.  It  was  claimed  by  the  eastern  competitors  for  the 
building  of  the  cruisers  that  a  post  of  the  size  necessary  could 
not  be  cast  on  the  Pacific  Coast.  The  work  was  done  by  the 
Pacific  Rolling  Mill  Company,  which  added  to  its  extensive 
plant  an  open-hearth-steel  department  in  1S84. 

Iron  and  Steel  Production. — The  American  Iron  & 
Steel  Association  reports  production  for  the  first  half  of  1887 
as  follows,  in  net  tons,  the  comparisons  made  being  with  the 
first  half  of  1S86  : 

1887.  i886. 

Pi?  iron , 3.417.903       2.954.209 

Spiegeleisen  and  ferro-manganese 25.436  24,382 

Bessemer  steel  ingots 1,637,572        1,073,663 

Bessemer  steel  rails 1,154,193  707,447 

Open-hearth  steel  ingots 1,74,400  92,540 

Open-hearth  steel  rails 12,396 

There  was  a  falling  off  in  bituminous  pig,  owing  to  scarcity 
of  coke,  but  an  increase  in  charcoal  and  anthracite  iron.  The 
stocks  of  pig-iron  unsold  June  30  was  about  the  same  as  on 
January  I. 

There  are  31,043  tons  of  steel  made  by  the  Clapp-GriflSths 
process  included  in  the  Bessemer  steel.  Rails  absorbed  a  very 
large  part  of  the  steel  production  for  the  half-year. 

Cast-Steel  Guns  for  the  Navy.— On  .Tuly  20  the  Secre- 
tary of  the  Navy  issued  the  following  order  : 

"The  Department  has  decided  to  postpone  until  September 
20  the  opening  of  proposals  for  the  furnishing  of  steel  cast 
guns  for  the  Navy.     'This  action  is  taken  in  order  to  give  more 
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time  to.domestic  manufacturers  to  consider  the  matter.  The 
intention  of  Congress  in  making  the  appropriation  was  doubt- 
less to  enable  experiment  to  be  made  with  stcci  cast  guns,  and 
it  will  be  the  desire  of  the  Department  to  meet  liberally  domes- 
tic manufacturers  of  steel  who  wish  in  good  faith  to  submit  to 
the  department  castings  for  the  purpose  in  view.  The  act  of 
Congress  has  fixed  the  test  to  which  the  finished  gun  must  be 
subjected.  It  is  the  same  test  as  that  which  the  gun?  now 
being  made  by  the  Department  safely  stand.  No  gun  finished 
by  trie  Department  has  failed  thus  far  upon  that  test.  It  is  not 
deemed  severe  and  is  not  supposed  to  represent  at  all  the  limit 
of  extreme  strength  nor  the  capacity  of  the  guns." 

Railroad  Axle  Boxes  with  Paper  Bearings.— Experi- 
ments are  now  being  made  on  the  Prussian  State  railroads 
with  a  passenger  car  fitted  with  L'lffer's  axle  boxes,  in  which 
the  brasses  are  replaced  by  bearings  made  of  segments  of 
vegetable  parchment,  placed  side  by  side  and  strongly  com- 
pressed. The  friction  takes  place  between  the  body  of  the 
journal  and  the  thin  edge  of  the  parchment  segments,  and 
according  to  the  inventor  the  surface  of  his  bearings  is  harder 
and  in  a  better  condition  than  that  of  any  metal  bearing.  Care 
must  be  taken  when  building  up  the  parchment  bearings  to 
have  the  material  thoroughly  dried,  in  order  to  prevent  sub- 
sequent shrinkage,  accompanied  by  buckling  of  the  sheets.  On 
the  outside  of  these  bearings  are  placed  wooden  rings,  which 
fit  the  collars  of  the  journal.  These  bearings  may  be  lubri- 
cated either  with  an  emulsion  of  water  and  oil,  or  with  any  of 
the  mual  mineral  lubricating  oils.  The  mass  of  the  parchment 
becomes  more  or  less  impregnated  with  the  lubricant,  and  thus 
the  bearings  may  be  left  to  run  for  comparatively  long  periods 
without  renewing  the  lubrication.  Some  of  these  bearings 
have  also  been  fitted  in  a  saw  mill  at  L'eckermiinde,  and  have 
given  perfect  satisfaction.— /«fl'».r/r;Vi-. 

Triple-ExpjMision  Engines. — The  mail  steamship,  Trojan, 
built  and  engincd  by  Messrs.  J.  &  G.  Thomson,  of  Clydebank, 
Glasgow,  for  the  Union  Steamship  Company's  Cape  of  Good 
Hope  mail  service,  has  had  her  engines  converted  from  the 
compound  to  the  tri-compound  system  by  Messrs.  T.  Richard- 
son X  Sons,  of  Hartlepool,  and  has  been  supplied  with  new 
boilers  working  at  a  pressure  of  160  lbs.  per  square  inch.  The 
diameters  of  the  new  cylinders  are  34  in.,  54  in.  and  8g  in., 
respectively,  and  the  length  of  the  stroke  60  in.  The  Trojan 
went  out  for  her  trial  trip  at  Stokes  Bay  on  May  2S.  She 
attained  a  mean  speed  of  13  9  knots  per  hour  and  indicated 
4,oq2  H.  P.,  her  engines  working  at  66  revolutions  per  minute, 
with  a  steam  pressure  of  160  lbs.  to  the  square  inch.  This 
shows  an  additional  530  indicated  H.  P.,  as  compared  with  the 
Trojan's  trial  trip  with  the  compound  engines.  The  Trojan  is 
the  third  of  the  Union  Company's  mail  steamers  which  has 
been  converted  to  the  new  system,  and  it  is  confidently  antici- 
pated that  the  result  will  be  as  satisfactory  as  in  the  case  of  the 
two  others,  the  Spartan  and  the  Athenian.  The  Mexican  is 
now  having  her  engines  tripled,  and  will  be  followed,  on  her 
completion,  by  the  Moor.  The  intercolonial  steamers  Anglian 
and  African  are  also  fitted  w'th  triple-expansion  engines. 

Drainage  of  Chicago. — The  drainage  of  Chicago  has  al- 
ways been  difficult  owing  to  its  large  area  and  to  the  fact  that 
iti  site  was  originally  a  level  prairie,  only  a  few  feet  above  the 
surface  of  Lake  Michigan.  It  is  therefore  impossible  to  get 
fall  sufficient  for  the  drain,  and  as  the  lake  is  practically  with- 
out tides  or  currents,  and  the  water  supply  of  Chicago  is  drawn 
from  the  lake,  it  is  not  a  desirable  receptacle  lor  the  sew- 
age. 

The  Illinois  River,  which  empties  into  the  Mississippi,  flows 
in  a  southwesterly  direction,  almost  across  the  whole  of  the 
State  of  Illinois.  .K  tributary — the  Desplaines  River — rises 
within  a  few  miles  of  Chicago.  This  river  Is  separated  from 
Lake  Michigan  by  a  lime-stone  ridge.  Near  Joliet,  about  35 
to  40  miles  from  Chicago,  this  river  is  75  to  So  ft.  lower  than 
the  extreme  low-water  level  of  the  lake. 

.•\t  a  recent  meeting  of  the  Grant  Club  in  Chicago,  Mr. 
Gordon  H.  Nott  read  a  paper  in  which  he  advocated  the  con- 
struction of  a  tunnel  commencing  In  Chicago  at  about  40  ft. 
below  the  level  of  the  lake  and  connecting  with  the  Desplaines 
River,  near  Joliet.  He  proposes  a  system  of  precipitating 
basins,  in  which  the  solid  portions  of  the  sewage  is  to  be 
collected. 
The  estimated  cost  is  between  nine  and  ten  million  dollars. 
A  New  French  War-ship. — A  first-class  ironclad,  the  Mar- 
ceati.  has  just  been  launched  at  La  Seyne-sur-Mer,  near  Toulon. 
The  total  length  Is  33S  ft.,  with  a  width  of  66  ft.  and  a  depth 
of  43  ft.  She  draws  26  ft.  of  water  and  has  a  total  displace- 
ment of  10,582  tons.  The  spur  placed  in  her  bow  is  of  bronze 
and  is  10  ft.  long.  The  hull  is  all  made  of  steel  except  the 
keel,  which   is  iron.     She  has  three  full  decks,  and  is  divided 


into  15  transversal,  water-tight  compartments  internally.  The 
weight  of  the  hull  Is  3,875  tons,  and  the  plates  on  the  Ironclad 
deck  are  4  in.  thick,  and  they  extend  the  full  length  of  the  ves- 
sel. The  engines,  boilers,  jjowder  magazines,  and  the  appara- 
tus to  be  used  for  manduvring  the  heavy  artillery,  will  be  well 
protected,  the  weight  of  the  plates  on  the  sides  of  the  vessel, 
the  deck,  and  the  turrets  exceeding  3,000  tons.  The  weight  of 
the  engines  Is  about  i)26  tons,  and  that  of  the  boilers  about  341 
tons.  The  trial  speed  of  the  Marceaii  Is  fixed  at  iS  knots  an 
hour.  She  Is  to  be  armed  with  four  14-in.  guns  placed  In  four 
barbette  turrets,  which  are  placed  in  the  longitudinal  axis  of 
the  vessel,  one  forward  and  another  astern,  with  two  others  in 
the  lateral  axis.  The  small  artillery  will  Include  seventeen  6- 
In.  guns  in  the  battery,  while  revolving  and  rapid-firing  guns 
will  be  placed  in  various  parts  of  the  vessel.  There  will  also 
be  four  torpedo  tubes. — /in:;ineerin_^'. 

Russian  Steamboats  on  the  Volga.— The  Russian  steam- 
boat service  on  the  River  \'olga,  which  has  been  largely 
developed  and  much  Improved  of  late  years,  has  been  increased 
during  the  last  few  weeks  by  two  more  steamers  of  the  Ameri- 
can type,  purchased  for  S105, 000  each  by  the  Samolet  Company. 
These  vessels,  called  respectively  the  Pushkin  and  J.ermontoff, 
are  254  ft.  long  and  50  ft.  broad,  provided  with  engines  of  iSo 
normal  or  800  indicated  horse-power,  steaming  at  18  miles  an 
hour.  Each  will  carry  1,500  passengers  and  about  130  tons  of 
cargo.  ,\merican  type  steamers  are  very  popular  in  the  Volga 
and  are  used  by  most  of  the  large  companies,  the  Kavkaz  & 
Mercury  Company,  which  carries  the  mails  on  the  Caspian, 
having  no  less  than  11  of  them.  One  of  Its  vessels,  the  Suvoraff, 
is  28()  ft.  long,  35  ft.  broad,  and  has  engines  of  1,500  I.  H.  P. 
During  the  great  fair  at  Nijnl  Novgorod,  it  carries  2,000  passen- 
gers each  trip,  besides  500  tons  of  cargo.  The  Zeveke  Com- 
pany has  five  vessels  2Soft.  long  and  40  ft.  broad,  with  engines 
of  1,000  I.  H.  P.,  which  carry  a  still  larger  number  of  passen- 
gers. Latterly,  the  same  company  has  built  five  sternwheel- 
ers.  Great  breadth  of  beam  and  plenty  of  saloon  accomoda- 
tion are  the  favorite  features  of  these  vessels,  which  have  to 
run  long  trips  of  five  to  seven  days  duration  up  or  down  are 
Volga,  between  Nijnl  Novgorod,  and  Astrachan,  and  the 
rarely  exposed  to  rough  weather,  for  which  their  light  con- 
struction hardly  fits  them. 

Blast  Furnaces  of  the  United  States,  —  The  American 
Manufacturer,  of  Pittsburgh,  says:  "In  a  condensed  form,, 
the  statistics  of  the  furnaces  for  July  I,  are  as  follows  : 

In  blast.  Out  of  blast. 

^  Weekly"'  ^  Weekly  ' 

Fuel.                                         No.  capacity.  Xo.  capacity. 

Charcoal    77            13.069  ■="            '".578 

Anthracite 136           371662  66            16,624 

Bituminous loi            53,355  112            5<).o"4 

Total 314  104,986  279  S6,2i6 

"  As  compared  with  last  month  there  is  but  little  change  \n 
the  totals,  314  furnaces  being  in  blast  July  i,as  compared  with 
311  June  I  ;  the  total  weekly  capacity  of  the  furnaces  in  blast 
June  I  being  107,1)64  tons,  and  "^f  those  In  blast  July  i ,  104,986, 
the  explanation  of  the  greater  capacity  with  less  furnaces  in 
blast  June  i  being  that  a  larger  proportion  of  charcoal  furnaces 
are  in  blast  July  i  and  a  less  number  of  coke. 

"As  compared  with  a  year  ago,  the  number  of  the  furnaces- 
In  blast  Is  as  follows  : 

July  I,  1887.  July  I,  i8Ss. 

Weekly"  Weeklj^ 

Fuel.  No.        capacity.  No.  capacity. 

Charcoal 77  13,969  59  10,420 

Anthracite 136  37.662  119  33."5 

Bituminous 101  53,35j  132  28,005 

Total 314  104,986  310  7>.650 

"  Some  of  the  changes,  especially  in  the  bituminous  furnaces, 
are  due  to  special  causes,  such  as  the  strike  in  the  coke  regions- 
of  Pennsylvania." 

Aluminium  and  Wrought-Iron. — Recently  we  had  occa- 
sion to  refer  to  some  successful  experiments  in  the  manufac- 
ture of  cast-steel,  free  from  blow-holes.  The  results  were  due 
to  the  admixture  10  the  steel  of  o.  I  percent,  of  aluminium. 
During  the  week  just  closed,  experiments  were  made  with 
puddled  Iron  in  charges  of  500  lbs.  The  results  were  by  no 
means  conclusive,  but  enough  was  shown  to  illustrate  the  ad- 
vantages of  combining  aluminium  with  iron.  Strangely  enough, 
the  charges  containing  the  low  percentages  of  alloy  turned  out 

j  the  strongest  material.  So,  for  Instance,  the  addition  of  o.i 
per  cent,  aluminium  raised  the  tensile  strength  from  52,000  lbs. 
to  60,000  lbs.,  an  increase  of  16  per  cent.,  while  the  elonga- 
tion was  variously  increased  up   to  21    per  cent.     One  of  the 

'  tests  conformed  to  the  method  of  testing  marine  steel,  the 
elongation  of  the  i-in.  test-spot  being  0.1875  per  cent,  or  ff  in. 
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What  may  be  done  with  puddled  iron  is  shown  l)y  experiments 
conducted  by  Mr.  Graham  W.  Thompson,  a  Icadlni;  imn 
manufacturer  of  Glasgow.  The  tensile  strength  of  ordinary 
puddled  iron,  22  long  tons  with  12  per  cent,  elongation,  was, 
by  the  addition  of  0.25  per  cent,  of  aluminium,  increased  to  31 
long  tons  with  23  per  cent,  elongation.  When  mixed  in  equal 
parts  with  ordinary  stock,  this  treated  material  still  showed  a 
tensile  strength  of  2S  English  tons,  with  S.2S  per  cent,  elonga- 
tion ;  and  a  third  mi.\ture  of  the  already  reduced  stock  with 
common  stock  resulted  in  a  tensile  strength  of  25  tons,  with  7 
per  cent,  elongation.  The  experiments  with  puddled  iron  will 
be  pursued  in  other  ways  until  some  fixed  rule  of  procedure 
may  be  established. — Cli-iliuui  Iron  Traiit  Revitw. 

Grade  Crossings  in  Massachusetts. — The  report  of  the 
Massachusetts  Railroad  Commission  for  1SS6  says: 

"The    number  of  crossings  of  railroads    and    highways  at    j 
grade,  according  to  the  returns,  is  2,138,  of  which  73S  are  pro- 
tected by  gates  or  flagmen. 

"  Seventeen  grade  rrossings  have  been  allowed  during  the 
year.  Only  one  of  them  was  an  important  one.  and  it  was 
permitted  because  by  such  action  the  abolition  of  two  like 
crossings  was  secured.  Some  of  the  others  merely  took  the 
place  of  crossings  now  existing,  some  were  crossings  over 
streets  that  only  exist  on  paper,  and  a  few  were  granted  be- 
cause they  were  absolutely  necessary. 

"The  .^ct  of  1SS5,  chap.  197,  designed  to  promote  the 
abolition  of  grade  crossings,  has  proved  useful,  especially  on 
the  (Jld  Colony  Railroad,  where  10  level  crossings  have  been 
abolished.  It  is  to  be  hoped  that  other  companies  will  follow 
the  good  example  set  by  this  company  in  expending  time  and 
money  to  rid  the  public  of  the  dangers  arising  from  this  cause. 

"  If  legislation  is  needed  to  facilitate  the  reduction  of  the 
perils  arising  from  this  source,  we  believe  that  the  General 
'  Court  is  ready  to  act.  We  repeat  our  suggestion,  that  a  rail- 
road company  resisting  the  creation  of  a  new  grade-crossing 
is  not  to  be  regarded  as  a  public  enemy;  acting  only  from  self- 
ish motives.  And  we  renew  the  proposition,  that  where  a 
new  highway  is  laid  across  a  railroad,  some  tribunal  may  be 
empowered  in  fit  cases  to  apportion  among  the  proper  parties 
the  expense  caused  by  the  construction  of  a  bridge,  notwith- 
standing the  fact  that  the  railroad  is  the  '  first  comer.'  Such 
an  act  would  check  the  demand  for  grade-crossings,  relieve  1 
towns  from  apparent  hardship,  and  remove  a  source  of  great 
discontent." 

Electric    Street    Railroads. — The    New    Brunswick    City    j 
Railroad  Company,  at   New   Brunswick,  N.  J.,  has  applied  to 
the  City  Council  for  permission   to  use  electric   motors  of  the 
Van  Depoele  system  on  its  cars. 

The  officers  of  the  Belt  Line,  in  New  York  City,  nearly  all  of 
whose  cars  and  horses  were  recently  destroyed  by  fire,  are  con- 
sidering the  question  of  adopting  some  electric  motor  on  their 
road. 

A  car  operated  by  an  electric  motor  actuated  by  storage  bat- 
teries on  the  Julien  system  has  been  making  experimental  trips 
on  the  Fourth  Avenue  line  in  New  York  City.  These  trips 
were  very  successful. 

Work  is  now  in  progress  on  a  cross-town  line  running  from 
Fulton  Ferry  to  Chambers  Street  Ferry  in  New  York  This 
line  is  to  be  operated  by  electric  motors  on  the  Bentley-Knight 
system,  the  electric  current  being  carried  through  an  under- 
ground conduit,  connection  being  made  by  a  contact-plow 
carried  on  the  car  or  motor. 

.\n  experimental  car  is  now  at  work  in  Philadelphia  which  is 
propelled  by  an  electric  motor  deriving  its  power  from  storage 
batteries  of  the  system  used  by  the  Electrical  Accumulator 
Company,  of  New  York. 

It  is  proposed  to  use  electric  motors  on  some  of  the  street- 
car lines  in  New  Orleans,  but  no  decision  has  yet  been  reached 
as  to  the  kind  of  motor  to  be  used. 

The  Union  Passenger  Railroad  Company  in  Richmond,  Va  , 
is  laying  some  13  miles  of  track,  on  which  electric  motors  will 
be  used.  The  power  will  be  taken  from  two  overhead  wires 
carried  on  poles,  and  the  cars  will  be  equipped  with  the  Sprague 
motor.  In  cold  weather  the  cars  are  to  be  heated  by  an  elec- 
tric apparatus  invented  by  Dr.  W.  Leigh  Burton,  of  Rich- 
mond. 

Basic  Slag  as  a  Fertilizer. — The  Birmingham  corres- 
pondent of  the  Engineer  writes  that  a  machine  plant  has  just 
been  erected  at  the  works  of  the  Staffordshire  Steel  &  Ingot 
Iron  Company  for  the  reduction  to  a  fine  powder  of  basic 
slag  for  fertilising  purposes.  This  is  practically  a  new  indus- 
try, not  only  for  the  district  but  for  England,  since,  although 
slag  is  being  exported  in  large  quantities  from  the  works  of  j 
the  Northeastern  Steel  Company,  Middlesbrough,  for  this  ; 
purpose,  the  product  is  exported  almost  wholly  to  Germany, 
where,  by  special  plant,  it  is  reduced  to  an  exceeding  fineness,     | 


suthcient  for  agricultural  purposes,  and  is  exported  back  again 
to  this  country,  where  it  is  commanding  a  price  of  yos.  per 
ton,  delivered  in  the  Thames,  and  is  having  a  large  sale. 

The  plant  has  been  supplied  by  Messrs.  Morris  Brothers, 
engineers,  of  Doncaster,  and  is  very  similar  to  that  employed 
in  grinding  super-phosphates.  It  consists  of  one  preparing 
mill  fitted  with  Wood's  patent  separator  ;  one  magnetic  separa- 
tor ;  and  one  Morris  \  Wood's  patent  fine  mill.  The  whole 
is  driven  by  a  powerful  compound  engine  by  Robey  \'  Co.,  of 
Lincoln,  of  about  30  nominal  H.  P.,  or  >i\  actual  H.  P.  The 
process  of  pulverizing  the  slag  is  divided  into  three  stages — 
first,  the  slag  is  fed  into  the  preparing  mill  in  its  rough  state, 
and  is  reduced  to  about  ^'^  in.,  and  any  pieces  of  steel  exceed- 
ing that  dimension,  accumulating  in  this  mill,  are  taken  out  at 
intervals.  During  this  prelimmary  reduction  a  quantity  of  fine 
slag  is  produced,  and  is  extracted  by  the  separator  before  the 
reduced  material  passes  to  the  second  stage,  during  which  a 
magnetic  separator  eNtracf;  the  small  pieces  of  steel.  The 
reduction  of  the  material  at  the  last  stage  enables  it  to  pass 
through  a  mesh  of  10,000  holes  to  the  square  inch — an  obvious 
advantage,  since  the  value  of  the  material  greatly  depends 
upon  its  fineness. 

An  extensive  plant  for  similar  purposes  is  also,  I  understand, 
being  erected  at  the  Northeastern  Steel  Works,  who  intend  to 
supply  the  ground  material  to  home  agriculturists,  instead  of 
allowing  the  Germans  to  do  the  trade. 

The  East  Boston  Electric  Freight  Railroad.— The  ease 
and  slight  expense  at  which  an  electric  railroad  can  be 
operated  in  large  works  already  provided  with  a  dynamo  for 
electric  lighting  is  well  shown  in  the  venture  recently  carried 
out  by  the  East  Boston  Sugar  Refinery  at  East  Boston.  This 
refinery,  which  is  the  largest  in  New  England,  is  situated 
about  1,300  ft.  from  the  docks  where  the  raw  sugar  is  unloaded 
from  the  ships.  Formerly  the  hogsheads  and  bags  were  loaded 
on  a  railroad  truck  drawn  by  horses,  the  work  being  such  as 
to  tax  the  animals  very  severely  and  necessitating  frequent 
changes. 

As  the  refinery  is  provided  with  a  150-light  Edison  plant,  it 
was  determined  to  put  in  an  electric  railroad,  and  the  installa- 
tion was  undertaken  by  the  Sprague  Electric  Railway  Motor 
Company  of  New  York. 

The  rolling  stock  consists  of  two  flat  cars,  one  of  which 
carries  the  motor  of  15  H.  P,  at  its  forward  end,  together 
with  a  raised  platform,  upon  which  are  placed  the  regulating 
and  reversing  switches.  The  cars  are  capable  of  taking  a 
load  of  12  hogsheads,  equivalent  to  30,000  lbs.  The  current 
is  taken  from  the  lighting  dynamo  and  led  to  the  motor  from 
an   overhead   wire  and  trolley,  the  track   being  used   on    the 

With  the  electric  railroad  the  work  of  transferring  can  be 
done  in  one-fourth  the  time  formerly  required  with  horses  ; 
and  although  ships  are  constantly  unloadmg  at  the  docks  the 
limiting  capacity  of  the  railroad  to  handle  the  work  has  not 
yet  been  reached. 

The  motor  operates  without  noise,  and  although  the  track  is 
always  in  bad  condition,  being  invariably  covered  with  sugar 
and  molasses,  no  difficulty  in  operation  has  yet  been  experi- 
enced. Another  interesting  feature  is  the  fact  that  thus  far  no 
appreciable  increase  in  coal  consumption  due  to  the  operation 
of  the  electric  railroad  in  connection  with  the  lights  has  been 
noticed. — Electrical  World. 

The  Transcaspian  Railroad. — The  Russian  Official  Messen- 
ger, speaking  of  the  works  on  the  Transcaspian  line,  says  : 
"  In  iSS6,  the  Transcaspian  Railroad  line  commenced 
upon  the  eastern  shore  of  Gulf  Mikhailovsky,  at  the 
station  of  Mikhailovskoe-Turkmenskoe.  The  shallowness 
of  this  gulf  made  it  accessible  only  to  vessels  with  a 
very  small  draught  of  water,  and  the  sinuosities  of  a 
canal  40  versts  long,  marked  out  by  a  double  row  of 
stakes,  was  a  serious  obstacle  to  navigation.  As  a  rule,  the 
passengers  were  obliged  to  get  out  of  the  train  at  Krasnovodsk 
and  get  on  board  a  small  vessel,  which  could  only  travel  by 
daylight,  all  this  causing  a  great  loss  of  time  and  considerable 
expense.  In  order  to  facilitate  communications  with  the 
Transcaspian  Province,  it  therefore  became  necessary  to  pro- 
long the  railway  line  to  a  point  along  the  coast  which  could  be 
reached  by  vessels  with  a  deep  draught  of  water.  The  Bay  of 
Krasnovodsk  answered  these  requirements,  but  the  road  lead- 
ing to  it  was  some  distance  from  Mikhailovskoe,  and  very  hilly, 
so  that  a  railway  in  this  direction  would  have  been  very  dear. 
The  result  of  an  exploration  made  by  the  order  of  General 
Annenkoff  went  to  show  that  in  the  vicinity  of  the  island  of 
Uzun-.A.da,  upon  the  route  leading  to  the  Bay  of  Mikhailovsky, 
there  was  a  bay  which,  with  a  very  slight  outlay  for  dredging, 
would  answer  all  purposes.  The  work  was  soon  effected,  and 
a  small  town  named  Uzun-Ada   has  already  been   built   upon 
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the  southern  coast  of  the  Dardja  Peninsula.  This  has  already 
proved  of  considerable  service,  in  that  it  has  enabled  the  en- 
gineers to  receive  from  Astrachan.  without  break  of  bulk,  all 
the  materials  required  for  the  construction  of  the  Amu-Daria 
line.  As  the  canal  leailing  to  Izun-Ada  is  very  narrow  and 
sinuous,  it  has  been  marked  out  with  a  ctouble  row  of  posts,  to 
which  are  attached  lanterns  lighted  with  photogene.  The 
whole  Transcaspian  line,  from  the  station  of  l'?un-Ada  to  the 
Amu-Daria,  has  a  total  length  of  1,111 1  versts,  of  which  794 
were  constructed  in  a  little  more  than  a  year.  All  the  materials 
were  brought  down  the  \'olga  from  Astrachan,  At  present 
the  regular  trains  run  upon  the  new  line  twice  a  week." 

Russian  and  English  Government  Engineering.— The 
London  En^inetriii;^  says  :  "  The  departure  iil  General  Annen- 
koff  to  supervise  the  construction  of  the  railway  from  the  Oxus 
to  Samarcand  and  Tashkent,  contrasts  forcibly  with  the  news 
from  India  that  the  Indian  Government  is  only  now  beginning 
to  think  of  surveying  the  country  for  twelve  miles  ahead  of 
Peshawur,  in  the  direction  of  Cabul.  It  is  a  well-known  fact 
in  military  circles  that  the  plans  of  the  Indian  Government  for 
the  defense  of  India  against  Russia,  provide,  among  other 
things,  for  the  immediate  construction  of  a  railway  to  Cabul, 
the  moment  Russia  attempts  the  invasion  of  .-^fgh^nis.an.  On 
the  first  intimation  of  war,  troops  would  at  once  march  to 
Cabul  to  help  the  Ameer,  and  the  Peshawur  Railway  would 
follow  as  swiftly  as  possible  through  the  Khyber  Pass  to  help 
them.  Such  being  the  plan  that  has  existed  on  paper  since  the 
last  war  scare  two  years  ago,  one  would  have  naturally  thought 
that  the  Indian  authorities  would  have  long  ago  surveyed  the 
country  for  the  line,  and  prepared  the  working  drawings  for 
its  rapid  construction.  Instead  of  which,  u  is  only  now  that 
the  government  is  concerning  itself  about  the  survey,  and 
thinks  its  efforts  equal  to  the  occasion  when  it  confin'ts  the 
survey  to  twelve  miles,  or  a  single  march,  out  of  the  total  dis- 
tance between  Peshawur  and  Cabul.  Considering  that  our  re- 
lations with  the  Ameer  are  of  a  most  amicable  character,  that 
we  pav  him  10,000/.  a  month,  and  there  is  a  regular  stream  of 
safe  traffic  constantly  between  Peshawur  and  Cabul,  it  ought 
not  to  have  been  impossible  to  have  obtained  a  survey  long 
ago — even  a  rough  one,  taken  by  engineers  in  disguise,'would 
have  lieen  better  than  none  at  all.  Neither  the  government  in 
India  nor  the  authorities  at  home  appear  to  realize  that  Rus- 
sia's engineering  activity  in  Central  Asia  will  tell  more  on  the 
fortunes  of  the  next  campaign  than  any  other  conceivable  fac- 
tor. While  we  are  content  to  defend  India  by  ordering  the 
survey — only  the  survey — of  twelve  miles  of  frontier  line, 
Russia,  in  spite  of  her  financial  difficulties,  is  boldly  commenc- 
ing the  construction  of  500  miles  more,  to  add  to  the  700 
already  constructed  from  the  Caspian  to  the  Oxus,  and  makes 
no  secret  that  the  railway  is  intended  purely  for  purposes  in- 
imical to  our  rule  in  India." 

The  Iron-Worm. — The  London  Ironmonger  ^w^t,  the  some- 
what alarming  statement,  "  from  a  German  source,"  that  the 
existence  has  just  been  discovered  of  a  detestable  microbe, 
which  feeds  upon  iron  with  as  much  gluttony  as  the  phylloxera 
upon  the  vine.  Some  time  ago  the  greatest  consternation  ex- 
isted among  the  engineers  employed  on  the  railroad  at  and 
near  Hagen  by  the  frequency  of  accidents  occurring  at  a  cer- 
tain point,  which  seemed  to  prove  that  some  serious  defect 
must  exist  either  in  the  material  or  construction  of  the  rails. 
The  German  Government  ordered  that  a  strict  inquiry  be  made. 
and  a  commission  of  surveillance  be  formed  for  the  purpose  of 
keeping  close  watch  at  the  spot  where  the  accidents  had  taken 
place.  It  was  not,  however,  until  six  months  had  elapsed  that 
the  discovery  was  made.  One  of  the  trackmen  had  observed 
that  the  surface  of  the  rails  seemed  to  be  corroded,  as  if  by 
some  acid,  for  a  distance  of  about  280  ft.  The  rails  were 
taken  up  and  were  found  to  be  in  very  bad  condition,  several 
of  them  breaking  into  three  or  four  pieces  when  the  men  tried 
to  lift  them.  When  these  rails  were  carefully  examined,  it  was 
found  that  they  were  literally  hollowed  out  by  a  thin  gray 
worm,  to  which  the  qualification  of  "  Railoverous  "  was 
assigned  ;  by  this  name  it  will  be  known  in  natural  history. 
This  worm  is  from  6  to  9  millimeters  in  diameter,  and  from  20 
to  25  millimeters  in  length.  It  is  of  a  light  gray  color,  and 
has  on  its  head  two  glands  filled  with  a  corrosive  secretion, 
which  it  ejects  at  intervals  of  5  or  10  minutes,  and  which  has 
the  effect  of  making  the  iron  soft,  spongy  and  of  a  light  red 
color.  It  is  then  devoured  greedily  by  the'  insect,  which  seems 
to  have  an  insatiable  appetite.  These  worms,  it  is  stated,  de- 
stroyed no  less  than  36  kilogrammes  of  rails  in  a  few  days  ; 
how  many  of  them  it  look  to  do  this  is  not  stated.  Further 
careful  investigations  into  the  origin,  habits,  etc.,  of  this  terrible 
worm  are  to  be  made. 

We  should  prefer  to  see  a  few  specimens  of  the  "  railoverous 
worm  "  before  taking  active  measures  to  prevent  its  importation 


into  this  country.  It  is,  perhaps,  some  relative  of  the  "ice- 
bug,"  which  is  occasionally  reported  to  be  destroying  the  ice 
crop  in  this  country,  but  of  which  the  German  entomologists 
do  not  seem  to  have  heard. 

The  Naval  War  College.— The  Naval  War  College  will 
reassemble  at  Newport  on  the  first  Monday  in  September,  and 
continue  in  session  until  late  in  December. 

Commander  Bainbridge-HofT  will  give  a  digest  of  contem- 
porary foreign  opinions  on  the  subject  of  naval  tactics,  both 
of  single  ships  and  c)f  lleets.  The  tactics  of  the  gun,  of  the 
ram,  and  of  the  torpedo,  their  best  and  most  effective  method 
of  use,  that  is,  in  actual  battle  between  opponents,  or  between 
contendmg  fleets,  will  be  separately  treated,  each  by  an  officer 
who  will  aim  at  bringing  out  the  strength  of  his  weapon  and 
the  weaknesses  of  the  other  two.  These  will  be  followed  by 
some  lectures  on  grand  tactics.  The  question  of  naval  gun- 
nery will  be  treated  by  Lieutenant  John  K.  Meigs,  whose  lec- 
tures last  year  were  particularly  interesting  and  instructive. 
Professor  Soley  will  give  his  lectures  on  international  law. 
The  subject  of  coast  defenses  will  be  discussed,  as  last  year, 
by  an  army  and  a  navy  officer.  General  Abbot,  of  the  Army, 
will  aim  at  giving  naval  officers  an  insight  and  grasp  of  the 
general  principles  which  guide  the  military  engineer  in  plan- 
ning and  constructing  the  defenses  of  harbors.  The  question 
of  sea  coast  defenses  will  be  exhaustively  discussed  from  the 
naval  point  of  view  by  Lieutenant  C.  G.  Calkins,  of  the  Naval 
Intelligence  (Mhce.  The  subjects  of  military  strategy  and 
tactics  and  of  naval  history  will  be  treated  l>v  the  same  officers 
as  last  year.  Assistant  N'aval  Constructor  (latewood  will  lec- 
ture on  the  preservation  and  care  of  iron  ships,  and  upon  the 
injuries  to  which  thev  are  liable  from  grounding,  collision,  etc. 
Medical  Director  Dean  wilHecture  on  Naval   Hygiene. 

Lieutenant-Commander  Stockton  is  now  engaged  upon  an 
examination  of  the  way  in  which  the  various  naiions  of  Europe 
are  stationed  in  .he  Gulf  of  Mexico,  the  Caribbean  and  in  the 
Pacific  ( )cean.  with  a  view  to  determining  the  relative  strategic 
value  of  these  stations.  It  is  intended  that  the  study  of  the 
Gulf  and  Caribbean  Sea.  regarded  as  a  great  strategic  field  of 
special  importance  to  the  United  States  from  its  proximity, 
and  above  all,  if  any  trans-isthmian  canal  shall  be  made,  shall 
form  a  prominent  part  of  the  War  College  course.  Mr.  Stock- 
ton will  bring  together  the  facts  of  commerce  and  enisting 
trade  routes  between  the  Western  Pacific  (.Australia,  China, 
etc.  I  and  Europe:  together  with  the  modifications  likely  to 
follow  upon  the  building  of  a  canal. — Army  anJ  Xavy  Register. 

New  Consolidation  Locomotives. — The  Pennsylvania  Com. 
pany  has  recently  completed,  at  its  shops  In  Fort  Wayne,  Ind., 
some  consolidation  engines  of  a  pattern  known  as  Class  S, 
These  engines  have  cylinders  2ox  2.)  in,  and  four  pairs  of  50-in. 
drivers.  The  spread  of  the  cylinders  is  7  ft.  and  the  total 
wheel-base  of  the  engine  is  21  ft.  6  in.  The  total  weight  of  the 
engine  in  working  order  is  105,500  lbs.,  divided  as  follows: 
On  truck,  11.250:  first  pair  of  drivers,  23,700:  second  pair  of 
drivers,  21,750:  third  pair  of  drivers,  23,450;  fourth  pair  of 
drivers.  25,300  lbs. 

The  boiler  is  of  the  straight-top  pattern,  with  one  dome  : 
the  barrel  is  58 '^  in.  diameter,  and  there  are  157  tubes  13  ft. 
33t  in.  long.  The  fire-box  is  7  ft.  HI4  in.  long  and  3454  in- 
wide  inside-  The  grate  area  is  22.6  square  feet,  and  the 
heating  surface  1,361  square  feet.  The  working  pressure  is 
125  lbs.  Crown-bars  and  bolts  are  used  to  support  the  crown- 
sheet,  instead  of  long  staybolts  to  the  outside  crown-sheet, 
this  change  having  been  made  to  facilitate  the  cleaning  of 
the  crown-sheet,  which  has  to  be  done  frequently  on  account 
of  the  impure  water  on  the  line. 

These  engines  are  equiped  with  the  Westinghouse  driver- 
brake  and  the  Ross  steel  brake-shoe.  I'.  S.  metallic  packing 
is  used  on  piston  rods  and  valve  rods. 

Two  sizes  of  tenders  are  used  with  these  engines.  The  first 
has  a  tank  holding  3.000  gallons  of  water  and  9,2cx)  lbs.  coal, 
and  weighs  22,500  lbs.  empty  and  56,650  lbs.  loaded.  The 
larger  tender  carries  3,600  gallons  of  water  and  weighs  30,61x3 
lbs.  empty  and  60,650  lbs.  loaded. 

These  engines  were  designed  to  run  freight  trains  which 
have  heretofore  been  run  by  "  double-headers"— that  is,  two 
locomotives  coupled,  each  having  16  x  24  in.  cylinders  and  62- 
in.  drivers.  The  Class  S  engines  handle  the  same  train  as  the 
two  light  engines  with  ease,  and  with  a  considerable  saving  in 
fuel  and  other  expenses. 

Recently  comparative  trial  trips  have  been  made  over  the 
Pittsburgh.  Fort  Wayne  \  Chicago  road,  between  Fort  Wayne 
and  Chicago,  by  one  of  the  Class  S  engines  and  the  Strong  lo- 
comotive Duplex,  to  test  their  relative  economy  in  the  con- 
sumption of  fuel.  The  Strong  engine  has  also  been  run  on 
passenger  trips  on  the  same  line.  The  result  of  these  tests 
has  not  been  announced. 
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MR.  J.  HOWARD  BARNARD,  ^  Montgomery  Avenue,  San  Francisco,  demand  and  were  the  only  part  of  the  region  that  was 
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deposits  known  to  exist  around  Vermillion  Lake. some  70 

NEW  YORK,  SEPTEMBER,   1887.  miles  north  of  Lake  Superior  in  Minnesota,  and  about  the 

same  time  others  began  to  explore  the  Gogebic  and  Peno- 

The   British  Secretary  of  State  for  War  has  issued  a  kee  ranges  in   Wisconsin,  where   iron  ore  was   known  to 

memorandum  to  the  effect  that  any  official  of  the  depart-  exist,  although  no  one  apparently  had  any  definite  idea  of 

ment,  whether  civil  or  military,  holding  stock  in  any  firm  the  extent  or  value  of  the  deposits.      These  explorations 

or  company  which  transacts  business  with  the  depart-  and    the  building   of   new  railroads  through  the  region 

ment  is  thereby  disqualified  from  retaining  his  post.  have  resulted    in  an  exceedingly  rapid   development  of 

If  the  above  rule  were  applied  to  railroad  officials  in  those  ranges,  where  a  large  number  of  mines  have  already 

this  country,  there  would  be  a  great  thinning  out  on  some  been  opened  and  are  making  large  shipments. 

of  our  lines,  especially  in  the  higher  ranks.  The  peculiar  character  of  the  ores  and  the  facilities  for 

lake  shipment  with  only  a  short  railroad  haul,  making  it 

THE  French  Railroad  Jubilee,  about  which  a  great  deal  P°^^'^^^  to  deliver  ore  to  furnaces  over  a  large  extent  of 

was  said  some  months  ago,  is  a  flat  failure,  if  correspond-  '^^"""y  ^^^°^  '^^^^  °f.  ^^^'g'^.^'  ^'^^  "^!^«  '^t''°'"'  ^T 

.    ,      ,    ,.       J      i»                         »  .u  .    u-           ij  value.      The  present  indications   are  that  they  are  of  a 

ents  are  to  be  believed.     It  was  apparent  that  this  would  ,          ...           .       ,        ,.       ,                   •' 

,     ^,                 1,       .1             .      -1       J                 -ft-  nature  that  wil   permit  of  working  for  manv   years  with- 

be  the  case  when  the  great  railroad  companies  of  France  ...                       ,                                    , 

,       J  ,u   ■                .      Tu    f     .  •    .u   .              •     .     r  »u-  out  exhaustion,  so  that  a  new  and  permanent  source  of  sup- 
refused  their  support.     The  fact  is  that  no  proiect  of  this  '                                 '                                         *^ 

kind  can  succeed  in  France  without  oificial  support,  and  P'^  ^^^  '''^^"  secured. 
in  this  case  it  was  altogether  lacking.     The  reasons  which 

led  the  railroad  companies  to  refuse  their  support  were  The  New  York  meeting  of  the  American  Association 

sufficient  and  were  fairly  stated  in  a  letter  which  was  pub-  for  the  Advancement  of  Science,  a  report  of  which  will 

lished  at  the  time.  be  found  in  another  column,  was  a  very  successful  one, 

— whether  it  is  considered  from  the  point  of  attendance,  of 

An  article  on  the  use  of  electricity  to  increase  adhe-  the  variety  of  subjects  considered  or  of  the  value  of  the 

sion  and  tractive  power  of  motors,  which   is  published  in  papers  presented.     In  so  large  a  body  and  when  so  large 

another  column,  indicates  a  line  of  investigation  which  a  number  of  papers  is  presented  some  sifting  process  is 

may  be  productive  of  good  results,  although  it  is   hardly  always  necessary  ;  but  at  this  meeting  not  many  papers 

likely  that  it  will  develop  all  that  the  author  claims  for  it.  were  rejected,  and  many  of  those  read  were  of  permanent 
His  view  of  the  question  is,  undoubtedly,  far  too  sanguine  ;    ]    value. 

but  there  is  enough  foundation  for  his  claims  to  warrant  1  As  was  natural,  much  interest  centered  in  Mr.  Edison's 
further  investigation.  1    paper,  a  brief  abstract  of  which  is  given   elsewhere,     A 

In  this  connection  it  may  be  of  some  interest  to  note  that  large    number    were     attracted    by   the   papers   on   the 

experiments  in  the  use  of  electricity  for  increasing  adhe-  Nicaragua  Canal,  and  many  others  were  interested  in  the 

sion  were  made  on  the  Central  Railroad  of  New  Jersey  papers  and  discussions  in  the  Economic  Section.  As  a 
nearly  30  years  ago,  about  185S  or  1859.  Two  freight  en-  i  whole  the  meeting  was  an  excellent  one;  but  it  was  un- 
gines  on   that  road   were   fitted   with    batteries   for  the    '    fortunately  one  of  those  which  defy  the  limits  of  a  neces- 

purpose  of  magnetizing  the  tires  and  so  increasing  the  sarily  condensed  report. 

.adhesion.  The  experiment  was  not  long  continued,  how-  One  of  the  drawbacks  of  so  large  an  association  is 
-«ver,  and  it  does  not  appear  that  any  good  results  were    \    that  the  necessary  routine  proceedings  and  the  reading  of 

obtained  ;  at  any  rate  the  use  of  the  apparatus  was   not  papers  occupy  so  much  time  as  to  leave  far  too  little  for 
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discussion.  But  discussion  and  conversation  are  or 
should  be  the  best  means  of  producing  that  mental 
friction  and  promoting  the  mutual  acquaintance  which 
are  the  chief  benefits  of  such  meetings  as  those  of  this 
association.  Some  way  of  givmg  increased  time  for  dis- 
cussion is  very  desirable.  It  would  hardly  be  possible  to 
lengthen  the  time  of  the  meetings,  and  a  limitation  of 
the  number  of  papers  to  be  read  in  each  section  would 
probably  be  the  easiest  way. 


nance,  and  where  the  naval  expenditures  are  far  greater 
than  here,  there  is  constant  and  severe  criticism  of  new 
ships  and  guns,  and  there  is  abundant  material  for  such 
criticism,  not  in  mere  differences  of  opinion,  but  in  actual 
mistakes  and  blunders  of  the  Admiralty  and  its  ollicers. 

Naval  science  is  still  largely  experimental  in  its  nature,. 
and  will  necessarily  continue  to  be  so.  At  present  we  are 
in  a  state  of  transition,  and  it  is  impossible  to  say  what 
may  be  the  result. 


NowHKRE  has  the  old  form  of  low-pressure  beam-en- 
gine been  more  closely  adhered  to  than  in  the  numerous 
steamboats  employed  on  the  Hudson  River  and  Long 
Island  Sound.  Substantially  the  same  form  of  engine  has 
been  in  use  for  many  years,  and  the  only  changes  made 
hivi  ban  improvem2nts  in  details  and  a  slight  increase 
in  the  working  pressure  carried  in  the  boilers.  Two  not- 
able exceptions  are,  however,  to  be  made  in  two  new  boats 
of  great  size  now  building  for  the  Stonington  and  the  Fall 
River  lines  on  Long  Island  Sound.  In  both  of  these  boats 
higher  boiler  pressure  and  compound  engines  are  to  be 
introduced,  and  the  approved  modern  practice  in  marine 
engineering  will  find  place. 

The  Stonington  Line  boat  is  to  have  compound  oscillat- 
ing engine,  acting  directly  on  the  main  shaft ;  while  in  the 
steamer  for  the  Fall  River  Line  the  beam  engine  will  be 
adhered  to,  the  compound  principle  and  higher  boiler 
pressure  being  adopted.  Both  will  be  paddle-wheel  boats, 
and  in  both  the  feathermg  wheel  will  be  adopted. 

The  continued  adherence  to  the  old  type  of  engine  is 
soinewhat  surprising,  in  view  of  the  changes  made  else- 
where. The  only  exception  to  the  rule  heretofore  has 
been  in  the  building  of  two  or  three  propellers  of  con- 
siderable size  which  have  been  for  a  year  or  two  past  in 
use  on  the  lower  Hudson,  and  which  have  proved  them- 
selves not  only  economical,  but  among  the  fastest  boats 
on  the  river. 

It  is  to  be  noted  that  the  two  new  Sound  boats  men- 
tioned above  are  to  be  of  great  size,  approaching  the 
larger  ocean  steamers  in  their  dimensions  and  exceeding 
them  in  their  passenger  accomodations.  For  one  of  them, 
the  Puritan  for  the  Fall  River  Line,  it  is  claimed  that 
she  will  be  the  largest  steamboat  for  inland  waters  in  the 
world. 


The  Navy  Department  is  advancing  quietly  but  steadily 
in  the  work  of  reconstructing  the  Navy  on  modern  princi- 
ples. Contracts  for  three  new  cruisers  and  two  gunboats 
were  let  in  August,  and  the  plans  for  the  new  armored 
battle-ship  and  cruiser  are  nearly  ready,  so  that  contracts 
for  those  vessels  will  soon  be  let.  Plans  for  the  expendi- 
ture of  the  sum  appropriated  by  Congress  for  floating 
batteries  for  harbor  defense,  are  to  be  considered  by  a 
board  of  naval  constructors  and  officers. 

In  the  meantime  the  Department  is  evidently  deter- 
mined that  vessels  of  old  patterns  and  inferior  construction 
shall  not  be  retained  any  longer  than  is  absolutely  neces- 
sary. In  this  line  are  several  recent  decisions  against 
repairing  old  vessels  which  would  need  the  expenditure 
of  considerable  amounts  to  keep  them  longer  in  service. 

In  this  connection  it  is  well  to  note  that  it  is  not  to  be 
expected  that  an  entirely  new  navy  can  be  built  and 
equipped  without  some  mistakes.  In  England,  where  far 
more  attention  has  been  paid  to  fighting  ships  and  ord- 


At  present  there  seems  to  be,  among  the  best  English 
and  European  authorities,  a  tendency  to  return  to  the  use 
of  lighter  and  swifter  vessels,  and  to  argue  that  they  will, 
after  all,  be  of  the  greatest  use  in  actual  warfare.  This 
is  a  reaction  from  the  tendency  of  the  past  ten  years  to 
build  armored  vessels  of  enormous  size  and  weight,  car- 
rying guns  of  corresponding  size.  These  huge  vessels  have 
not  done  what  was  expected  of  them  by  their  designers, 
and  have  proved  in  several  cases  unwieldy  and  hard  to 
handle,  while  high  speed  was  not  expected  of  them. 

It  is  now  claimed  that  ships  of  this  class,  while  exceed- 
ingly costly  to  build  and  operate,  are  also  peculiarly  open 
to  attack  from  torpedo-boats.  They  are  not  adapted  for 
cruising  and  are  simply  huge  fighting  machines,  and  in 
time  of  war  it  might  be  very  difiicult  to  put  tliem  where 
they  were  needed.  In  most  of  these  ships  everything  has 
been  sacrificed  to  fighting  qualities,  and  now,  it  is  charged 
by  their  opponents,  they  cannot  even  fight. 

There  seems  to  be  some  reason  in  these  arguments,  al- 
though It  Is  probable  that  they  are  carried  to  an  extreme. 
The  big  armored  ship  has  Its  place,  but  it  is  probably  a 
very  limited  one,  while  the  lighter  vessel  is  capable  of  a 
variety  of  uses,  is  an  excellent  cruiser  and  may  be,  properlj'^ 
handled,  a  very  efficient  fighter. 


The  friends  of  the  Nicaragua  Interoceanic  Canal  are 
making  a  strong  eftort  to  secure  public  favor  for  their  pro- 
ject. Mr.  Menocal,  who  has  for  years  been  prominent 
among  the  advocates  of  this  line,  says  that  the  prelimin- 
ary payment  upon  the  concession  has  been  made,  and  that, 
actual  work  on  the  canal  has  been  begun. 

The  arguments  in  favor  of  this  line  of  connection  be- 
tween the  Atlantic  and  Pacific  Oceans  are  certainly  strong, 
ones.  While  the  distance  from  ocean  to  ocean  is  nearly 
four  times  as  great  as  at  Panama,  the  actual  length  of 
canal  to  be  excavated  is  no  greater,  and  the  work  is,  on 
the  whole,  less  difficult.  The  work  on  the  improvement 
of  the  San  Juan  River  presents  no  obstacles  which  money 
and  engineering  skill  cannot  readily  overcome,  and  for 
the  whole  route  there  is  the  great  advantage  of  a  climate- 
which,  though  tropical,  is  very  healthy  in  comparison 
with  that  of  Panama.  The  chief  objection  urged  against 
the  Nicaragua  route  is  the  number  of  locks  which  will  be 
required  and  the  greater  time  which  the  increased  length 
of  river  and  canal  navigation  will  require.  The  distance 
from  ocean  to  ocean  by  this  line  will  be  about   170  miles. 

Should  both  the  Nicaragua  and  the  Panama  canals  be 
built,  it  Is  very  doubtful  whether  either  w'ould  be  a  finan- 
cial success.  If  all  the  commerce  which  Is  likely  to 
seek  the  transit  were  concentrated  in  the  Panama  Canal, 
it  is  not  by  any  means  certain  that  interest  could  be  paid 
on  the  enormous  cost  of  that  work,  except  by  charging 
tolls  .so  exhorbitant  in  amount  that  they  would  largely 
reduce  the  business.      With    two  canals  open    the   tolls. 
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would  be  limited  by  competition,  and  the  business  would 
be  divided.  In  such  a  contest  the  Nicaragua  route  would 
probably  (are  the  best,  on  account  of  its  lower  first  cost, 
and,  if  the  claims  of  its  advocates  are  correct,  its  much 
lower  expenses  of  maintenance. 

Thk  tests  of  steel  to  be  used  in  the  new  warships  will 
hereafeter  be  in  charge  of  a  board  composed  of  Captam 
Phylhian,  Lieutenant  Rodgers  and  Assistant  Engineer 
Bryan,  who  have  been  detailed  for  that  duty  by  the 
Secretary  of  the  Navy.  It  is  understood  that  this  new 
appointment  does  not  imply  any  important  changes  of 
method  or  any  relaxation  of  the  strictness  of  the  tests  ; 
nor  is  it  intended  to  cast  any  rcfleclion  on  the  previous 
conduct  of  the  tests,  which  has  been  under  the  charge  of 
Commander  R.  E.  Evans,  who  is  now  assigned  to  duty  on 
the  Lighthouse  Board. 


THE  CHATSWORTH  ACCIDENT. 

HPHE  month  of  .-Xugust  was  marked  by  a  railroad  acci- 

■*■  dent  more  terrible  in  its  destruction  of  life  than  any 
which  has  occurred  in  this  country  since  the  Ashtabula 
disaster  in  December,  1S76.  The  facts  are  briefly  as  fol- 
lows : 

An  excursion  train  over  the  Toledo,  Peoria  &  Western 
road  broke  through  a  small  wooden  bridge  near  Chats- 
worth,  111.,  which  was  on  fire,  and  had  been  so  far  de- 
stroyed that  its  timbers  could  offer  little  or  no  support  to 
the  train  ;  the  accident  occurred  near  midnight  of  August 
10.  The  train  consisted  of  two  locomotives,  three  bag- 
gage cars,  six  ordinary  passenger  cars  and  six  sleeping 
cars,  and  appears  to  have  been  running,  on  a  down  grade, 
at  a  speed  of  about  40  miles  an  hour.  The  first  engine 
passed  over,  but  the  second  one  went  into  the  ditch,  and 
the  three  baggage  and  six  passenger  cars  were  piled  on 
and  around  it  in  a  complete  wreck,  so  that,  as  an  eye- 
witness says,  three  cars,  or  their  wreck,  did  not  occupy 
more  than  the  length  of  a  car.  The  wreck  caught  fire, 
but  the  fire  was  kept  back  by  the  exertions  of  the  surviv- 
ing passengers,  and  most  of  it  was  saved.  The  six  sleep- 
ing cars  escaped  with  slight  damage. 

The  train  carried  some  750  passengers,  and  of  these  85 
were  killed  at  once  or  fatally  injured,  while  about  150 
were  less  severely  hurt. 

The  bridge  itself  was  a  small  wooden  pile  or  trestle 
affair  over  a  little  stream  which  was  dry  at  the  time.  The 
weather  had  been  very  dry  for  some  time,  and,  as  a  meas- 
ure of  precaution,  the  trackmen  had  been  burning  off  the 
weeds  and  grass  near  the  roadbed.  It  was  at  first  reported 
that  the  fire  had  been  purposely  started,  but  the  final 
decision  of  the  coroner's  jury  was  that  the  sectionmen 
had  not  been  sufficiently  careful  in  extinguishing  their 
fires,  and  that  the  bridge  probably  Caught  fire  from  sparks 
remaining  in  the  grass. 

As  nearly  as  could  be  ascertained,  the  engineer  on  the 
forward  engine  first  saw  the  fire  on  the  bridge  when  he 
was  about  500  feet  away.  His  engine  was  a  freight  en- 
gine and  was  not  provided  with  air-brakes  or  with  driver- 
brakes,  and  the  air-brakes  could  only  be  put  on  from  the 
second  engine,  whose  driver,  of  course,  had  no  outlook 
forward,  and  could  only  act  on  the  signals  he  received. 

Here,  then,  was  a  combination  of  several  sources  of 
danger.     A  heavy  train  was  running  at  high  speed  over  a 


road  in  poor  condition  ;  the  train  was  insufficiently  pro- 
vided with  brake-power ;  a  wooden  bridge  had  been 
thoroughly  dried  by  long  drought,  and  was  in  condition 
to  take  fire  from  a  very  small  spark  ;  and  fires  had  been 
within  a  short  time  burning  near  the  bridge.  A  combina- 
tion of  all  these  causes,  apparently,  was  required  to  pro- 
duce the  accident. 

The  first  and  most  obvious  cause  was  the  wooden 
bridge;  and  the  immediate  result  of  the  accident  has 
been  a  general  outcry  against  wooden  bridges  of  all  kinds. 
Theoretically,  of  course,  all  bridges  and  crossings  should 
be  as  solid  as  any  other  part  of  the  roadbed,  and  stone  or 
iron  would  be  the  only  allowable  material.  Practically, 
in  the  present  state  of  railroading  in  this  country,  this  is 
not  possible,  and  where  stone  is  scarce,  as  on  most  of  the 
prairie  roads,  wood  must  continue  to  be  largely  used,  until 
increasing  traffic  and  prosperity  permit  the  substitution 
of  a  more  durable  and  less  destructible  material,  either 
stone,  iron  or  steel.  So  far  as  strength  is  concerned,  a 
wooden  bridge  of  small  size  can  be  made  sufficiently  safe, 
and  with  proper  care  and  watchfulness  against  fire  it  can 
carry  any  ordinary  railroad  traffic. 

It  is  not  intended  by  this  to  advocate  the  use  of  wood 
for  permanent  structures  where  a  better  material  is  possi- 
ble. Undoubtedly,  there  are  many  wooden  structures  now 
in  existence  on  roads  which  can  afford  to  do  better,  and 
which  ought  not  to  be  allowed  to  retain  them  ;  but  for 
temporary  use,  and  on  new  and  struggling  roads,  the 
wooden  bridge  and  culvert  will  continue  in  use  for  a  long 
time  to  come  and  must  be  accepted  as  necessary. 

The  main  cause  of  the  disaster  in  this  case  was  probab- 
ly the  lack  of  sufficient  care  in  watching  and  guarding  the 
road  against  just  such  a  contingency  as  did  arise.  The 
coroner's  decision  put  the  blame  on  the  section-foreman, 
as  the  nearest  person  in  authority,  but  a  more  searching 
investigation  may  find  either  that  he  had  not  received 
proper  orders,  or  that  he  had  followed  the  example  of 
others  higher  in  authority  m  a  general  lax  way  of  work- 
ing, and  that  he  founded  his  methods  upon  a  general 
looseness  of  discipline,  which  may  have  existed  on  the 
line,  as  it  does  on  too  many  others.  In  either  case  he 
was  to  blame,  of  course  ;  but  a  considerable  share  of  con- 
demnation may  well  be  shifted  upon  other  shoulders. 

The  manner  of  running  the  train  brings  up  again  the 
vexed  question  of  using  "  double-headers,  "  about  which 
there  has  been  so  much  talk  in  time  past.  The  practice 
is  not  in  existence  on  many  of  the  best  managed  roads., 
but  there  are  still  many  superintendents  who  would  con- 
sider it  safer  to  run  such  a  train  with  two  locomotives, 
than  to  run  it  two  sections,  holding  that  the  danger  of 
collision  in  the  latter  case  would  be  greater  than  any 
arising  from  the  use  of  the  second  locomotive.  There 
may  well  be  some  doubt  allowed  where  there  is  such  a 
difference  of  opinion  as  on  this  point. 

If  the  double-header  question  be  passed  over,  there  is 
still  much  fault  to  be  found  with  the  make-up  of  the 
train  and  with  its  running.  The  speed,  if  given  cor- 
rectly, was  greater  than  should  have  been  allowed  under 
the  circumstances.  A  train  so  loaded  as  was  the  one  in 
question,  especially  on  a  road  in  poor  condition,  should 
have  been  kept  well  in  hand,  and  shcjuld  not  have  ex- 
ceeded a  moderate  speed  which  would  permit  of  a  quick 
stop  in  case  of  danger.  Had  this  been  done,  the  accident 
might  have  been  avoided.  Again,  had  the  first  engine 
been  provided  with  air-brakes,  or  even  with  driver-brakes 
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only,  it  would  seem  as  if  it  might  have  been  stopped  in 
the  500  ft.  after  the  fire  was  seen,  or  at  any  rate  its  speed 
might  have  been  clicclced  so  far  that  the  consequences  of 
llie  derailment  would  have  been  very  slight.  But  the 
engineer  of  the  first  engine  could  not  put  the  brakes  on 
the  train,  and  the  time  required  to  give  the  signal,  slight 
as  it  would  have  been,  was  enough  to  destroy  the  chance 
of  escape  which  remained.  In  point  of  fact,  there  does 
not  seem  to  have  been  any  serious  attempt  to  stop  the 
train  before  the  bridge  was  reached. 

The  fire  whicli  threatened  the  destruction  of  the  wreck 
and  of  the  injured  may  have  caught  from  the  bridge  and 
may  have  come  from  the  lamps  in  the  cars.  Fortunately 
there  were  no  fires  in  the  stoves,  or  the  wreck  might  have 
been  kindled  so  quickly  that  it  would  have  been  impos- 
sible to  prevent  its  complete  destruction  and  a  terrible 
addition  to  the  slaughter.  Only  the  time  of  year  pre- 
vented a  frightful  addition  to  the  death-roll  and  another 


road,  which,  as  he  reported  it  to  the  Committee,  is  "  to 
arrange  the  diameter  of  the  cylinders  so  that  the  tractive 
power  at  starting,  with  full  boiler  pressure,  does  not 
exceed  the  adhesive  power  under  the  most  favorable 
circumstances."  This  means  that  the  cylinders  should 
be  made  of  such  a  size  that  we  can  always  turn  the  wheels 
in  starting.  As  the  adhesion  of  a  locomotive  with  dry 
sanded  rails,  as  shown  by  Captain  Galton's  e.xperiments, 
is  as  much  as — perhaps  a  little  over— one-third  of  the 
weight  on  the  driving-wheels,  we  ought  to  produce  a  rota- 
tive effect  on  the  wheels  equal  to  this  adhesion.  The 
Committee  take  the  ma.ximum  adhesion  at  one-fourth 
the  weight  on  the  driving-wheels,  which  appears  to  be 
too  little,  as  cylinder  capacity  is  needed  to  turn  the  wheels 
when  the  adhesion  is  at  its  maximum,  that  is  with  a  per- 
fectly dry  rail  and  dry  sand.  The  Committee  also  take 
the  maximum  effective  cylinder  pressure  at  85  per  cent, 
of  the  boiler  pressure.     Molesworth  gives  the  effective 
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warnmg    against     the     use    of     dangerous     stoves    and 
heaters. 

In  itself  the  accident  was  not  of  a  very  uncommon 
kind.  Especially  in  the  West  and  Southwest,  where 
prairie  fires  are  common  and  roads  are  generally  worked 
with  the  smallest  possible  force,  run-offs  from  burned 
bridges  have  been  recorded  more  than  once,  to  say  noth- 
ing of  the  probably  more  numerous  cases  which  were  not 
heard  of.  Only  the  substitution  of  a  crowded  passenger 
train  for  the  usual  freight  made  the  present  accident  one 
of  the  worst  in  the  long  and  terrible  list  which  marks  the 
historv  of  our  railroads. 


THE  CYLINDER  CAPACITY  OF  LOCOMOTIVES. 

'  I  "HE  report  which  has  been  made  on  this  subject  by 
■*•  the  Committee  of  the  Master  Mechanics'  Associa- 
tion, which  will  be  found  on  another  page,  is  a  very  timely 
one,  as  too  little  attention  has  heretofore  been  given  to 
the  proportion  of  the  cylinders  to  the  other  parts  and 
to  the  weights  of  locomotives.  The  fact  of  the  diver- 
sity of  practice  which  exists,  shows  that  there  is  a  great 
deal  of  ignorance  or  misunderstanding  of  the  subject 
somewhere,  otherwise  there  would  not  be  so  much  differ- 
ence in  the  relative  sizes  of  cylinders. 

At  first  sight  the  subject  seems  a  very  simple  one,  and 
it  appears  as  though  all  that  need  be  done  is  to  follow 
Mr.  Webb's  practice  on  the  London  &  Northwestern  Rail- 


pressure  on  the  piston,  when  steam  is  cut  off  at  three- 
quarters  of  the  stroke,  at  90,  and  indicator  diagrams  also 
show  that  at  slow  speeds  as  much  as  90  per  cent,  of  the 
boiler  pressure  is  exerted  on  the  pistons.  For  the  pur- 
pose of  illustration,  we  will  take  the  indicator  diagram 
shown  in  fig.  i,  which  was  taken  with  a  boiler  pressure  of 
135  lbs.  and  gave  an  average  pressure  of  121. 5.  With 
17  X  24  in.  cylinders  and  5I2  ft.  wheels,  the  tractive 
power  from  this  diagram  would  be  12,800  lbs.  if  calcu- 
lated in  the  usual  way.  The  rule  which  is  ordinarily 
used  gives  the  average  tractive  force  exerted.  But  the 
pressure  on  the  crank  pins  at  right  angles  to  the  crank,  or 
the  "  rotative  effect,"  as  it  is  called,  varies  very  consider- 
ably during  each  revolution  of  the  wheel.  In  fig.  2  this 
is  shown.  The  horizontal  line  A  E\%  supposed  to  repre- 
sent the  circumference  of  the  driving-wheel,  stretched 
out  into  a  straight  line.  One  of  the  cranks  is  supposed 
to  be  at  its  dead  points  at  A  C,  and  /•',  and  the  other  at  F 
and  C. 

The  rotative  effect  produced  at  the  circumference  of  the 
wheel  by  the  right-hand  cylinder  is  represented  by  the  ver- 
tical lines  I  /',  2  f,  3  (/,  4  «•,  etc..  through  the  lower  extremities 
of  which  the  curve  A  F  C  G  E  xs  drawn,  so  that  the  dis- 
tance of  this  curve  from  the  line  A  B  C  D  E  represents  the 
tractive  force  exerted  by  one  cylinder  at  the  rail.*     The 

*  The  method  of  drawing  a  diagram  of  this  I<ind  will  not  be  described 
here,  but  those  interested  in  the  method  of  doing  it  will  tind  it  explained  in 
a  treatise  on  the  Steam  Engine  by  Arthur  Rigg,  published  by  Spon,  and 
in  another  e.xcellent  and  more  recent  book  on  the  steam  engine  by  George 
C.  \'.  Holmes,  published  by  Appletons 
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horizontal  lines  and  the  figures  on  the  left  show  the  amount 
of  this  force  in  pounds.  It  will  be  seen  that  at  the  dead 
point .  /  tliis  cylinder  produces  no  rotative  effect,  but  it  in- 
creases up  to  about  tlic  middle  of  the  stroke  at  B  and  ceases 
again  at  the  end  of  the  stroke  at  C.  This  is  repeated 
again  while  the  piston  is  making  its  return  stroke  from  (' 
to  E.  The  curve  .  /  /•"  C  G  E  shows  the  effect  of  the  right- 
hand  cylinder  only.  The  left-hand  piston  is  in  the  middle 
of  the  cylinder  when  the  right-hand  one  begins  its  stroke 
at  A.  To  show  the  effect  of  the  pistons  that  of  the  left- 
hand  one  is  laid  off  from  the  curve  A  E  C  G  E  on  the 
vertical  lines  A  a',  />  //',  etc.  A  second  curve  a'  />'  c'  d'  e' 
is  then  drawn  through  the  lower  e.xtremities  of  these  lines. 
This  curve  will  represent  the  tractive  force  or  rotative 
effect,  exerted  at  the  circumference  of  the  wheels  !<y  the 
two  cylinders,  because,  as  will  be  seen,  the  efYect  of  the 
one  cylinder  is  added  to  that  of  the  other.  At  E,  when 
the  left-hand  crank  is  at  its  dead  point,  the  curves  coin- 
cide, and  so  again  at  G,  as  at  these  points  the  left-hand 
piston  produces  no  effect.  It  will  be  seen,  though,  that 
at  e'  f  g'  and  k'.  when  the  cranks  stand  at  an  angle  of  45°, 
the  rotative  effect  is  considerably  greater  than  at  the 
intermediate   points.     What   is  also   notable   is   that   the 


the  wheels.  As  ^  of  y^  is  %  these  considerations  lead 
to  the  same  result  as  that  reached  by  the  Committee, 
although  by  a  somewhat  different  method.  There  does 
not  seem  to  be  any  very  good  reason,  though,  for  adopting 
different  co-efficients  for  adhesion  for  different  classes  of 
engines,  because  they  all  have  occasion  at  times  to  use 
their  ma.ximum  adhesion  on  dry,  sanded  rails,  and  if  there 
is  then  not  sufficient  cylinder  capacity  the  maximum  load 
which  the  engine  can  draw  will  be  diminished.  It,  there- 
fore, would  seem  as  though  it  would  be  best  to  assume 
one-quarter  the  weight  on  the  driving-wheels  as  the  ad- 
hesion of  all  classes  of  engines. 

The  problem  which  usually  presents  itself  is  to  get  the 
area  of  piston  for  a  given  stroke,  diameter  of  cylinder  and 
weight  on  driving-wheels.  The  formula  of  the  Com- 
mittee is  not  given  in  a  convenient  form  for  this  calcula- 
tion. If  we  take  the  formula  for  calculating  the  tractive 
power  of  locomotives  ; 


^ —  =  Tractive   Power 


VV 


n  which 


.  /  =  Area  of  the  piston  in  square  inches. 
p  =  Mean  pressure  in  cylinders. 
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effect  at  //  is  considerably  greater  than  at  any  of  the 
other  points.  The  fact  that  a  locomotive  will  start  a 
greater  load  at  one  point  in  a  revolution,  has  been  noticed 
by  locomotive  runners  and  has  often  been  denied  by 
theorists.     The  practical  men  in  this  case  were  right. 

The  special  point  to  which  attention  is  directed  is  the 
great  inequality  of  the  rotative  effect,  or  the  tractive  force, 
which  is  exerted  by  the  pistons  at  the  circumference  of  the 
driving-wheels.  The  calculation  by  the  usual  rule  gives  the 
mean  tractive  force,  which  is  12,800  lbs.;  whereas,  in  the 
case  illustrated,  it  varies  from  about  10,500  up  to  16,500  lbs. 
during  each  revolution.  If  we  assume  the  weight  on  the 
driving-wheels  to  be  50,000  lbs.,  and  their  adhesion  equal 
to  one-third  the  weight  they  bear,  then  the  maximum 
tractive  force  would  be  just  about  equal  to  the  adhesion, 
which  would  be  16.666  lbs.  Of  course,  the  tractive  force 
should  never  exceed  the  adhesion,  or  the  wheels  will  slip  ; 
nevertheless,  it  is  important  that  we  should  always  be 
able  to  turn  the  wheels  under  conditions  which  give  the 
maximum  adhesion.  The  fact,  though,  that  the  tractive 
power  varies  so  materially  during  each  revolution  has  not, 
thus  far,  been  taken  into  account  in  calculating  cylinder 
capacity.  It  would  seem  as  though  a  proper  basis  for 
calculating  cylinder  capacity  would  be  to  take  the  adhesion 
at  one-third  the  weight  on  the  driving-wheels,  and  the 
average  cylinder  pressure  at  85  or  90  per  cent,  of  the 
boiler  pressure,  and  then  make  the  mean  tractive  capacity 
of  the  cylinders  equal   to  three-quarters  the  adhesion  of 


5  =  Stroke  of  piston. 

C  =  Circumference  of  driving-wheels. 
ff^=  Weight  on  driving-wheels— the  stroke  and  cir- 
cumference being  both  expressed  in  feet  or  inches. 

Then,  as  the  tractive  power  should  be  equal  to  one- 
fourth  the  weight  on  driving-wheels,  and  the  pressure  in 
the  cylinder  85  per  cent,  of  the  boiler  pressure,  which  will 
be  represented  by  /',  then 


A  X 


from  which  we  have: 
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Or  expressed  arithmetically  to  get  the  area  of  the  pis- 
tons for  a  locomotive  : 

Multiply  onc-fourtli  the  whole  weight  {in  pounds)  on  the 
driving-wheels  by  the  circumference  of  these  wheels,  wheti 
the  tires  are  half  worn  out.  Then  multiply  85  per  cent,  of 
the  boiler  pressure  {in  lbs.  per  square  inch)  by  four  time's  the 
stroke  of  the  piston,  and  divide  the  first  product  by  the  second. 
The  quotient  will  be  the  area  of  each  piston  in  square 
inches. 

The  circumference  of  the  wheels  must  be  expressed  in 
the  same  units  as  the  stroke  of  the  pistons.  That  is,  they 
must  both  be  in  feet  or  both  in  inches. 
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NEW  PUBLICATIONS, 

Recent  Naval  Progress:  June,  18S-.    Navy  Depart- 
ment, Bureau  of  Navigation  :   issued  by  the  Office  of 
Naval  Intelligence. 
As  all  naval   matters  have  been  for  several  years  in  a 
transition  state,  and  as  our  own   Navy  in  particular  has 
just  begun  to  assume  an  entirely  new  form,  information 
on  naval  matters  is  now  of  special  interest  and  importance. 
Such  information,  however,  is  not  always  easy  to  get  at, 
much   of   it    being  hidden    away  in    the   proceedings  of 
societies  and  in  technical  journals,  where   it  is  difficult 
to  find   it  when  wanted.     The   Navy  Department   has  re- 
alized this  fact  and  has  made  an  excellent  attempt  at  sup- 
plying the  need  in  its  "  General  Information  Series,"  of 
which  No.  VI  has  just  been  issued. 

While  this  volume  is.  of  course,  designed  mainly  for  the 
use  of  naval  officers,  it  has  in  it  much  that  is  of  value  to 
engineers,  and  indeed  to  all  who  take  an  intelligent  inter- 
est in  naval  progress,  as  will  be  seen  from  the  brief  list  of 
the  contents  given  below. 

Chapter  I  is  a  sketch  of  the  development  of  the  torpedo, 
with  descriptions  of  the  latest  forms  of  these  weapons. 

Chapter  II  is  an  account  of  the  development  of  electric 
lighting  on  United  States  vessels. 

Chapter  III  is  on  forced  draft  in  marine  boiiers,  describ- 
ing the  various  systems  in  use  both  on  naval  and  merchant 
vessels.  In  compiling  this  chapter  the  latest  sources  of 
information  have  been  drawn  upon. 

Chapter  IV  is  a  description  of  the  design,  construction 
and  trial  of  the  S-in.  breech-loading  rifled  gun,  the  first 
high-power  steel  gun  of  large  caliber  completed  in  this 
country. 

Chapter  V  is  a  general  account  of  the  changes  in  naval 
guns  during  the  last  25  years. 

Chapter  V^I  is  an  account  of  recent  progress  in  small 
arms,  with  a  description  of  the  leading  forms  of  magazine 
rifles  now  in  use. 

Chapter  VII  contains  a  synopsis  of  the  musketry  in- 
structions in  the  United  States  and  foreign  forces. 

Chapter  VIII  is  a  reproduction  of  a  paper  on  the  much 
discussed  question  of  belted  and  internal  armor  for  war- 
ships. 

Chapter  IX  is  an  analytical  description  of  the  French 
and  English  naval  manoeuvres  of  last  year. 

Chapter  X  gives  the  results  of  the  great  competitive 
trials  of  anchors  at  Portsmouth,  England. 

The  volume  concludes  with  a  number  of  short  notes  on 
progress  made  during  the  year  in  design  and  construction 
of  vessels  and  their  equipment,  armament  and  machinery  ; 
and  on  many  other  points  in  connection  with  naval  ma".- 
agement  and  similar  matters. 

The  contents  of  the  present  volume  have  been  well 
selected  and  carefully  edited.  The  Navy  Department  has 
made  an  addition  to  naval  literature,  whose  value  is  quite 
sufficient  excuse  for  its  e.\istence. 


BOOKS   RECEIVED. 


Revista  Mensal  de  Engenharia  e  Industria  ; 
Abrii.,  Maio  e  Junho.  Rio  de  Janeiro,  Brazil;  pub- 
lished by  the  Club  de  Engenharia. 

Proceedings  of  the  United  States  Naval  Insti- 
tute; VOLU.ME  XIII,  Number  3.  Annapolis,  Md.;  pub- 
lished  by  the   Institute.     The  present   number  contains 


papers  on  the  Naval  Brigade  (prize  essay  for  1887); 
Training  of  Enlisted  Men  of  the  Engineers'  Force;  Iron 
and  Steel  and  the  Mitis  Process  ;  New  Method  of  Carrj'- 
ingand  Lowering  and  Detaching  Boats,  with  a  Suggestion 
for  Defending  Ships  against  Auto-niobile  Torpedoes; 
Notes  on  the  Literature  of  E.xplosives  and  on  Electric 
Motors.  The  authors  are  Lieutenant  C.  T.  Hutchins,  U. 
S.  N.;  Passed  Assistant  Engineer  W.  M.  Parks,  L'.  S.  N.; 
W.  E.  Durfee;  Lieutenant  D.  H.  Mahan,  U.S.  N.;  Profes- 
sor Charles  E.  Munroe  and  F.  J.  Sprague. 

Water  Supply  in  the  Cape  Colony  :  Bv  John 
George  Gamble.  London,  England  ;  published  by  the 
Institution  of  Civil  Engineers. 

The  Intersiate  Commerce  Act  :  A  Discussion  of 
THE  Provisions  of  the  Second  and  Fourth  Sec- 
tions. Bv  Joseph  Nimmo,  Jr.  Reprinted  from  Frank 
Leslies  Illustrated  Ncv.>spaper. 

The  Ideal  Modern  Scholarship:  Bv  Henry 
Shaler  Williams,  Professor  of  Geology,  Cornell 
University,  Ithaca,  N.  Y.  This  is  a  presidential  ad- 
dress delivered  by  Professor  Williams  at  the  inauguration 
of  the  Alpha  Chapter  of  the  Sigma  Xi  Society  at  Cornell 
University. 

The  Manufacture  of  Salt  near  Middleshrough  : 
By  Sir  Lowthian  Bell.  London  ;  published  by  the  In- 
stitution of  Civil  Engineers. 

The  Conversion  of  Timber  by  Circular  Saws  and 
Band  Saws  in  the  Pine-Growing  Districts  of  the 
United  States:  By  Lewis  Henry  Ransome.  London  ; 
published  by  the  Institution  of  Civil  Engineers. 

Water  Supply  from  Wells:  Papers  and  Discus- 
sions. London ;  published  by  the  Institution  of  Civil 
Engineers. 

United  States  Geological  Survey  :  Bulletins  34, 
35,  36,  37,  38  and  39.  Washington  ;  Government  Print- 
ing Office. 

Sixth  Annual  Report  of  the  United  Siates 
Geological  Survey:  J.  W.  Powell,  Director 
Washington  ;  Government  Printing  Office. 

English  and  American  Railroads  Compared  :  by 
Edward  Bates  Dorsey,  C.  E.  New  York  ;  John  Wiley 
&  Sons.  This  is  a  reprint  of  Mr.  Dorsey 's  paper  read 
before  the  American  Society  of  Civil  Engineers ;  the 
book  also  contains  the  discussion  on  the  paper  by  Messrs. 
W.  W.  Evans,  Thomas  C.  Clarke  and    Edward  P.   North. 

A  Treatise  on  Cable  or  Rope  Traction  as  Ap- 
plied to  the  Working  of  Street  and  Oiher  Rail- 
ways: by  J.  Bucknall  Smith.  C.  E.  London;  En- 
.^ineering,  and  New  York  ;  John  Wiley  &  Sons. 

The  National  Car  &  Locomotive  Builder  Supple- 
menj-  :  June,  1887.     New  York. 


OBITUARY. 

J.  B.  Clough,  Assistant  Chief  Engineer  of  the  North- 
ern Pacific  Railroad,  died  in  Helena,  Montana,  August 
22.     He  had  been  for  some  time  in  the  service  of  the  road. 

Mr.  R.  O.  Carscadin  died  at  his  home  in  Trenton, 
Mo.,  July  25.  He  had  been  connected  with  the  Chicago, 
Rock  Island  &  Pacific  road  for  many  years,  and  Master 
Mechanic  of  the  .Southwestern  Division  of  that  road  for 
15  years  past.  He  had  been  an  active  member  of  the 
Master  Mechanics'  Association  for  over  10  years. 
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Dr.  E.  D.  Standiford  died  in  Louisville  Ky..  July  2' 
aged  56  years.  He  was  a  man  of  large  wcalili  and  liad 
been  connected  with  many  railroad  and  othor  enterprises. 
He  was  President  of  the  Louisville  &  JelTersonville  Bridge 
Company  and  was  at  one  time  for  several  years  President 
of  the  Louisville  &  Nashville  Railroad  Company.  He 
was  a  very  active  and  energetic  man  and  was  better 
icnown  as  a  financier  than  as  a  railroad  manager. 


William  C.  Morrill,  of  Atlanta,  Ga.,  died  in  Boston, 
August  23,  while  on  a  visit  to  that  city  on  business.  Mr. 
Morrill  had  been  for  a  number  of  years  connected  with 
the  Western  &  .A.tlantic  road,  and  for  some  years  past 
Vice-President  of  that  company.  He  also  owned  and 
■controlled  some  large  tracts  of  coal  and  iron  lands  in 
•Georgia  and  Alabama,  and  was  actively  engaged  in  de- 
veloping them. 

Archibald  Campbell,  who  died  in  Washington,  July 
27,  age  76  years,  was  a  graduate  of  West  Point  and 
•served  in  the  Army  till  1S40.  He  was  then  engaged  in 
surveys  of  western  rivers  for  several  years.  He  was 
afterwards,  for  four  years.  Chief  Clerk  of  the  War  De- 
partment. In  1856,  he  represented  the  United  States  in 
the  commission  which  laid  out  the  northern  boundary 
line  from  the  summit  of  the  Rocky  Mountains  to  the 
Pacific  Ocean,  and  in  1S75  he  served  on  the  commission 
which  completed  the  line  from  the  Rocky  Mountains  to 
.the  Lake-of-the- Woods. 


Willi A.M  Bailev  Lang,  one  of  the  oldest  of  New  York 
■iron  merchants,  died  at  his  home  in  Scarsdale,  N.  Y., 
August  5.  He  was  87  years  old  and  was  well  known  in 
the  iron  trade,  having  been  virtually  the  life-long  agent  of 
the  Lowmoor  Iron  Company,  and  for  Charles  Cammell 
■&  Co.,  Limited,  of  Sheffield,  England.  His  office  was  at 
iJo.  50  Beekman  Street.  He  retired  from  business  in 
April,  18S6.  Mr.  Lang  was  a  prominent  iron  merchant  in 
Boston  nearly  50  years  ago,  when  he  came  to  New  York. 
Afterward  he  established  the  firm  of  William  Bailey 
Lang  &  Co..  his  partners  being  his  sons-in-law,  George 
>I.  Wheeler  and  Adams  Bailey.  The  firm  did  a  success- 
ful business  as  agents  and  importers.  In  1877,  misfortune 
overtook  Mr.  Lang  and  he  made  an  assignment,  but  sub- 
sequently recovered  much  of  his  business  prosperity. 


William  Barber  Buddicome,  who  died  at  his  resi- 
dence in  Flintshire,  Wales,  early  in  August,  was  born  in 
Liverpool,  England,  in  1S16.  He  served  an  apprentice- 
ship in  his  native  town,  and  when  20  years  old,  secured  a 
position  as  Resident  Engineer  on  the  Manchester  & 
Liverpool  Railway.  Subsequently  he  was  Engineer  on 
the  old  Glasgow,  Greenock  &  Paisley  line,  and  then 
Locomotive  Superintendent  of  the  Grand  Junction  Rail- 
road. In  1S41,  he  went  to  France  to  take  charge  of  the 
rolling  stock  of  the  railroad  then  under  construction  from 
Paris  to  Rouen,  and  remained  in  that  position  until  i860. 
He  was  then,  for  a  few  years,  engaged  in  some  important 
contracts  in  France  and  Italv,  including  the  Bellegarde 
Tunnel  and  a  part  of  the  Mt.  Cenis  road.  About  1865,  he 
retired  from  business  and  settled  down  in  his  native 
country.  His  services  in  France  procured  him  the  deco- 
ration of  a  Chevalier  of  the  Legion  d'Honneur.  He  was 
a  member  or  the  British  Institution  of  Mechanical  En- 
gineers and  I  he  Institution  of  Civil  Engineers,  and  also 
of  the  French  Societe  des  Ingenieurs  Civils. 


John  N.  Risdox,  for  many  years  principal  proprietor  of 
the  great  iron  works  in  San  Francisco  which  still  bear  his 
name,  died  at  Oakland,  Cal.,  July  31,  of  paralysis,  aged  69 
years.  He  left  the  East  in  time  to  arrive  in  California  in 
1848  or  1849,  but,  crossing  the  Isthmus  of  Panama,  he 
thought  he  saw  an  unusual  opportunity  for  a  mercantile 
venture,  and  opened  a  store  at  Panama.  He  remained  on 
the  Isthmus  for  nearly  two  years,  then  went  to  San   Fran- 


(  isiij  lie  was  more  attracted  by  business  in  San  Fran- 
cisco tliaii  by  the  mines,  whither  nearly  all  emigrants  were 
Hocking,  and  joined  with  John  Snow  m  conducting  small 
iron  works.  Later,  he  organized  a  corporation  to  con- 
struct and  operate  a  foundry.  He  was  the  principal 
owner  of  the  stock  and  President  of  the  company,  which 
was  called  the  Risdon  Iron  Works  Company.  The  enter- 
prise was  successful,  and  Mr.  Ris<lon  became  a  man  of 
great  wealth.  In  1856,  he  was  a  member  of  the  Vigilance 
Committee.  Several  years  ago  he  sustained  heavy  losses, 
withdrew  from  the  foundry,  and  since  then  has  lived  in 
retirement. 

Thomas  T.  Wierman,  Sr.,  died  at  his  residence  in 
Harrisburg,  Pa.,  August  3,  aged  74  years.  He  was  born 
in  Adams  County,  Pa.,  and  learned  surveying  when  still  a 
boy.  His  first  service  as  civil  engineer  was  on  the  origi- 
nal construction  of  the  Pennsylvania  Railroad,  and  sub- 
sequently on  the  construction  of  the  North  Branch  Canal, 
from  Pittston  to  the  State  line  of  New  York.  He  after- 
ward constructed,  as  Chief  Engineer,  the  Chemung  Canal, 
which  connected  the  water  improvements  of  Pennsylvania 
with  the  New  York  State  canals.  After  that  he  had 
charge  of  the  building  of  the  Barclay  Railroad,  running 
from  Towanda,  Bradford  County,  Pa.,  to  the  bituminous 
coal  fields  in  that  county.  He  also  made  the  original 
surveys  for  the  Brooklyn  Water  Works.  Mr.  Wierman 
took  charge  of  the  Pennsylvania  Canal  about  the  year 
1857,  being  stationed  at  Huntingdon.  In  1859,  he  re- 
moved to  Harrisburg  and  continued  in  charge  of  that 
canal  as  Chief  Engineer  until  his  death.  Mr.  Wierman 
married  Miss  Piolett,  of  Bradford  County.  Pa.,  who  sur- 
vives him.  He  leaves  two  sons,  both  engineers,  and 
three  daughters,  Mrs.  5.  S.  Mitchell,  of  ButTalo,  N.  Y., 
Mrs.  T.  M.  Ely,  of  Altoona,  Pa.,  and   Miss  Sallie  Wier- 


Horac  E  Abboit,  one  of  the  oldest  and  best-known 
iron  manufacturers  in  the  country,  died  August  8,  at  his 
residence  in  Baltimore,  aged  81  years.  He  was  born  in 
Sudbury,  Mass.,  and  learned  there  the  trade  of  a  black- 
smith, but  soon  extended  his  operations.  He  went  to  Bal- 
timore in  1836  and  soon  afterward  bought  the  Canton 
Iron  Works  from  the  late  Peter  Cooper.  These  works 
were  gradually  extended  until  they  ranked  among  the 
largest  in  the  country,  and  were  known  as  the  Abbott 
Iron  Works.  In  these  works  were  made  the  first  large 
steamship  shaft  of  wrought-iron  in  this  country.  It  was 
for  the  Russian  frigate  Gi^tnwa/  ^i//Ji/ni/bu\\t  for  Nicholas 
I.,  in  New  York.  It  weighed  26,000  lbs. and  aroused  great 
interest  when  placed  on  public  exhibition  in  New  York. 
A  great  achievement  of  the  .'Abbott  Works  during  the 
war  was  in  supplying  the  Government  with  250,000  lbs. 
of  rolled  iron  in  48  hours  after  receiving  the  order.  They 
supplied  Mr.  Ericsson  with  the  plates  for  armor  of  the 
Monitor  and  also  supplied  the  plates  for  nearly  all  the 
vessels  of  that  class  built  on  the  Atlantic  Coast.  Mr. 
Abbott  retired  from  active  conduct  of  business  some 
years  ago,  and  the  works  were  operated  by  the  Abbott 
Iron  Company.  They  have  been  closed  for  some  time, 
owing  to  the  advantages  which  position  and  cheaper  fuel 
have  given  to  the  iron  makers  in  Pennsylvania  and  else- 
where in  the  close  competition  of  later  days. 

Mr.  Abbott  was  highly  esteemed  by  his  friends  and 
business  associates,  and  was  a  man  of  standing  and  influ- 
ence in  Baltimore. 


Professor  Spencer  F.  Baird.  Head  of  the  Smith- 
sonian Institution  and  of  the  United  States  Fish  Com- 
mission, died  August  19,  at  Wood's  Holl,  Mass.,  where  he 
had  been  sick  for  some  time. 

Spencer  FuUerton  Baird  was  of  mixed  Scotch,  English 
and  German  descent.  His  ancestors  were  preachers,  sur- 
veyors, bankers  and  lawyers  of  New  Jersey  and  Pennsyl- 
vania. His  father  was  a  lawyer  of  Reading,  Pa.  He  is 
described  as  a  man  of  high  culture  and  close  observation 
and  an  ardent  lover  of  outdoor  pursuits.  His  sons  in- 
herited his  tastes. 
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At  the  age  of  14,  Spencer  Baird,  with  his  elder  brother 
William,  commenced  a  collection  of  game  birds  found  in 
Cumberland  County,  Pa.,  which  afterward  was  made  the 
nucleus  of  the  present  magnificent  Smithsonian  Museum. 
The  brothers  contributed  papers  to  the  Philadelphia 
Academy  of  Sciences,  which  received  marked  attention, 
and  soon  afterward  the  great  ornithologist,  Audubon,  be- 
came interested  in  Spencer  Baird.  and  established  a  friend- 
ship with  him  which  continued  until  Audubon's  death 
and  did  much  to  shape  the  future  career  of  his  gifted 
protege.  Audubon  presented  him  with  a  large  part  of 
his  collection  of  birds,  and  young  Baird  in  return  contrib- 
uted many  facts  and  specimens  to  aid  m  the  production 
of  Audubon's  worlcs. 

Professor  Baird  graduated  from  Dickinson  College,  at 
Carlisle,  Pa.,  at  the  age  of  17,  and  subsequently  studied 
medicine  in  New  York,  although  he  never  followed  that 
profession.  In  1845,  when  he  was  22  years  old,  he  was 
elected  Professor  of  Natural  History  of  the  college  at 
which  he  had  graduated.  Two  years  later  he  became  as- 
sociated with  the  distinguished  Agassiz,  and  projected 
with  him  a  work  on  the  fresh-water  fishes  of  the  United 
States,  which  was  never  completed.  During  all  this  period 
it  was  his  habit  to  make  extended  pedestrian  tours  for  the 
purpose  of  extending  his  knowledge  and  enlarging  his 
natural  history  collections.  So  great  were  his  powers  of 
physical  endurance,  that  he  had  been  known  to  cover 
nearly  60  miles  on  foot  in  one  day  between  sunrise  and 
rest. 

In  1850,  Professor  Baird  was  elected  Assistant  Secre- 
tary of  the  Smithsonian  Institution,  with  which  his  name 
and  fame  have  since  been  indissolubly  connected.  On 
the  death  of  Professor  Henry  he  becarne  the  head  of  the 
Institution.  In  1871,  he  was  appointed,  by  President 
Grant,  I'nited  States  Commissioner  of  Fisheries,  an  office 
which  added  largely  to  his  responsibilities  and  nothing  to 
his  compensation.  The  services  he  rendered  in  this  capa- 
city in  increasing  the  food  supply  of  the  world  would  alone 
justify  a  national  monument  to  his  memory. 

But  Professor  Baird's  history  is  the  history  of  the  sys- 
matic  zoology-  of  the  United  'States.  A  chronological 
catalogue  of  his  works,  prepared  by  order  of  the  Smith- 
sonian Institution  and  only  carried  down  to  18S2,  includes 
over  1,000  titles.  His  services  to  science  and  natural  his- 
tory were  rewarded  by  medals  from  the  Acclimatization 
Societies  of  Australia.  France  and  Germany.  He  was  a 
member  of  the  leading  scientific  associations  of  England, 
Austria.  France.  Germany,  Holland.  Portugal  and  New 
Zealand.  (Jver  33  distinct  genera  and  species  in  North, 
South  and  Central  America  and  the  West  Indies  have 
been  named  in  his  honor. 

The  extent  of  Professor  Baird's  labors  and  the  practical 
service  he  has  rendered  as  head  of  the  Smithsonian  Insti- 
tiJtion  cannot  be  overstated.  It  is  a  melancholy  fact  that 
his  last  hours  were  embittered,  and,  according  to  the 
testimony  of  Professor  Goode,  his  assistant,  and  other 
associates,  his  life  was  perceptibly  shortened  by  causeless 
imputation  cast  upon  his  administration  of  the  large  fund 
placed  at  his  disposal  as  head  of  the  Fishery  Commission. 
There  never  was  the  sliohtcst  foundation  forthose  charges. 
They  were  investigated  by  the  Appropriation  Committee 
and  found  to  be  absolutely  baseless,  and  the  appropriation 
was  continued  without  change.  But  the  unjust  suspicion 
struck  home  to  Professor  Baird's  sensitive  mind,  and, 
with  a  brain  and  constitution  enfeebled  by  incessant  and 
long-continued  overwork,  hastened  his  death. 


Alv..\n  Clark,  the  founder  of  the  great  telescope  works 
at  Cambridge,  Mass.,  died  at  his  home  in  that  city 
August  19. 

Born  in  Ashfield,  Mass.,  March  8,  1804,  of  parents  who 
came  from  the  Cape,  and  who  traced  their  pedigree  back 
to  the  early  voyagers  in  the  Mayjlower.  Mr.  Clark  was 
essentially  a  New  England  man.  'AU  the  technical  edu- 
cation he  ever  got  he  received  in  the  public  schools.  At 
an  early  age,  however,  he  showed  a  taste  both  for  en- 
graving and  painting,  and  in  his  early  manhood  earned 
his  living  as  a  calico  engraver  at  the  Merrimac  Works  at 
Lowell,  and  elsewhere. 


When  he  was  22  years  of  age  Mr.  Clark  married.  He 
still  kept  up  his  painting,  and  in  1835  gave  up  engraving 
entirely,  and,  removing  to  Boston,  opened  a  studio  on 
Tremont  Street,  making  his  home  on  Prospect  Street  in 
Cambridge.  Here  for  20  years  he  worked  successfully  as 
a  portrait  painter. 

Mr.  Clark  was  over  40  years  of  age  when  he  became  in- 
terested in  telescope  making.  He  had  delighted  in  study- 
ing that  scientific  instrument  during  his  leisure  hours, 
and  although  he  possessed  no  mathematical  education, 
yet  he  was  thoroughly  conversant  with  optical  principles. 
I  It  is  said  that  one  day  while  he  was  watching  his  son 
I  make  a  metal  reflector  it  occurred  to  him  that  he  might 
be  successful  in  the  grinding  of  lenses,  and,  acting  upon 
that  idea,  he  soon  produced  object  glasses  equal  in  quality 
to  any  made.  That  determined  his  after  life.  for.  giving 
up  everything  else,  he,  with  his  sons,  began  in  1846  the 
manufacture  of  telescopes.  Since  then  he  had  been  un- 
rivaled in  his  specialty  of  figuring  object  glasses. 

Just  before  the  war,  Mr.  Clark  undertook  the  prepara- 
tion of  a  glass  18  in.  in  diameter,  3  in.  larger  than  any 
ever  before  made.  That  glass,  which  went  to  Chicago, 
revealed  20  stars  in  the  nebula  of  Orion  which  had  never 
before  reached  telescopic  vision.  It  was  with  this  instru- 
ment that  Mr.  Alvan  G.  Clark,  Mr.  Clark's  son,  in  1862, 
discovered  the  companion  of  Sirius.  receiving  the  award 
J  of  the  Lalande  medal  from  the  French  Academy  of 
Science. 

The  present  works  of  the  firm  were  built  in  j86o.  The 
Rev.  W.  R.  Dawes,  one  of  the  leading  amateur  astronomers 
of  England,  has  the  credit  of  first  bringing  Mr.  Clark's  work 
into  notice  abroad.  The  number  of  instruments  he  made 
is  very  large.  His  cheapest  one  cost  Sjoo,  while  the 
national  telescope  he  sold  for  $46,000,  and  the  cost  of  the 
Lick  glass  was  set  at  850,000,  without  the  mou  n  ting.  A  tele- 
scope of  similar  caliber  to  the  national  one  was  constructed 
for  L.  J.  McCormick.  of  Chicago.  The  objectives  alone 
to  these  instruments  were  worth  $25,000  each,  and  were 
capable  of  a  magnifying  power  of  2,000  diameters,  and  of 
increasing  the  surface  of  the  object  viewed  to  2,500,000 
times  its  natural  size.  This  was  the  work  of  a  man  who 
had  never  seen  a  lens  in  process  of  construction  in  the 
hands  of  any  one  out  of  his  own  shop.  The  work  neces- 
sary for  the  construction  of  such  glasses  may  be  conceived 
when  it  is  understood  that  to  make  a  good  4-in.  objective 
a  month's  constant  labor  is  required,  while  ior  an  8  or  lo- 
in, objective  a  year  is  necessary. 

But  the  triumph  over  these  glasses  was  eclipsed  by  the 
subsequent  work  of  the  same  firm  on  the  telescope  made 
for  the  Russian  Government,  and  that  which  has  been 
designed  for  the  Lick  Observatory  in  California.  In  1870, 
the  Russian  Government  contracted  for  an  enormous  tele- 
scope for  the  observatory  at  Pulkowa,  and  in  1883  the 
instrument  was  completed.  The  telescope  was  then  the 
largest  in  existence,  costing  $33,000,  having  a  clear  aper- 
ture of  30  in.,  a  45-ft.  focus,  and  weighing  in  the  iron  cell 
418  lbs.  It  possessed  a  magnifying  power  of  2,000  diam- 
eters and  was  7  in.  longer  in  diameter  than  the  instrument 
at  Princeton  Observatory,  a  few  inches  larger  than  the 
Washington  telescope,  both  made  by  Alvan  Clark  & 
Sons.  From  the  Imperial  Academy  of  Science  came  a 
vote  of  thanks,  and  from  the  Emperor  of  Russia  a  gold 
medal. 

The  largest  telescope  in  the  world  was  to  be  eclipsed 
by  a  larger  still,  and  to  this  end' the  firm  undertook,  a  few 
years  ago,  the  construction  of  a  36-in.  object  glass  for  the 
Lick  Observatory.  But  an  accident  during  an  experiment 
about  a  year  ago  destroyed  the  photographic  lens  for  this 
glass,  and  at  the  present  time  Mr.  Alvan  G.  Clark  is  in 
Paris  negotiating  for  another  lens  to  take  its  place. 

Mr.  Clark  was  married  on  March  26,  1S26,  to  Miss 
Maria  Pease,  of  Conway,  and  they  celebrated  the  sixtieth 
anniversary  of  the  wedding  last  )  ear.  Mr.  Clark's  extra- 
ordinary power  seemed  to  be  acutcness  of  the  eye,  of  the 
touch,  and,  finally,  of  the  understanding,  combined  with 
unlimited  patience.  His  manners  were  free  and  open, 
and  his  speech  dignified.  He  had  received  honors  from 
three  colleges — Amherst  in  1854.  Princeton  in  1S65,  Har- 
vard in  1874.  Mr.  Clark  leaves  a  widow  and  two  sons — 
,    Alvan  G.  and  George  B.  Clark. 
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Contributions. 

Old  Valve  Motions. 

To  the  Editor  of  the  RailroaJ  and  Kiigiiieeritt;^  Jounuil  : 

I  HAVE  read  with  pleasure  several  articles  in  your 
Journal,  and  amonsj  them  in  particular  that  number  of 
"  The  Rogers  Locomotive  Works  "  which  treats  of  the 
valve  motions  used  in  former  times.  Mr.  William  Swin- 
burne was  the  father  of  them,  and  the  writer  well  remem- 
bers the  different  devices  for  locomotives  and  the  trials  to 
compete  with  the  Bush  Hill  Works  and  the  Baldwin 
Works  of  Philadelphia.  If  George  Hollingsworth  is  alive 
in  Paterson  he  could  unfold  a  history  of  the  Rogers  trials 
on  different  roads  in  the  years  I  speak  of. 

I  see  you  speak  of  the  Allen  valve  and  link  as  con- 
structed in  1873.  I  would  like  to  know  how  it  was  given 
the  name  of  "  Allen."  I  saw  the  link,  but  not  perfected 
as  of  late  years,  on  the  engines  J>//t  and  Scoim,  built  by 
Mr.  Richard  Eaton  at  Hamilton,  Canada,  in  i860.  Also, 
I  had  charge  of  shops  in  Columbus,  Ohio,  and  built  sev- 
eral there  in  1863,  followed  by  Mr.  Robert  Curtis,  the 
present  Master  Mechanic,  who  constructed  No.  25  for 
that  road  in  1865.  Since  those  dates  I  have  used  the 
same  link  and  have  with  me  the  identical  diary  of 
1864  with  a  full  account  of  it,  and  also  of  Mr.  William 
Romon's  adopting  it  and  applying  it  to  the  Economy,  a 
locomotive  placed  in  one  end  of  a  passenger  coach. 
Again,  I  have  with  me  the  identical  model  I  used  in  Co- 
lumbus, O.,  in  the  wmter  of  1863-64  in  constructing  the 
straight-link  motion,  and  I  have  built  here  on  this  island 
a  locomotive  from  the  same  model  of  valve  motion  I  used 
at  Columbus  in  1863-64.  I  have  also  a  Mogul  engine  and 
do  not  bend  or  crook  anything  to  get  the  link  or  radius- 
rod  in,  as  I  use  a  U  rocker-shaft,  both  arms  being  elevated 
or  turned  upward,  one  connecting  with  the  valve-rod  ;  the 
valves  are  piston  valves.  The  other  arm  connects  with  the 
link,  and  the  rods  run  direct  to  the  eccentrics  on  an  angle 
above  the  line  of  the  cylinders  to  clear  the  forward  a.xle. 
The  rocker-bo.x  is  placed  on  the  lower  cylinder  brace  and 
in  front  of  the  forward  drivers.  The  valve-rod  slides  in 
a  bo.x  above  the  flat  guides,  secured  to  the  guide-yoke, 
with  valve  connection  extending  back  toward  the  cab, 
and  couples  to  a  pin  attached  to  the  rod.  The  valve- rod 
is  }i  in.  and  the  piston  valve  is  5  in.  diameter;  the  steam- 
chest  is  around  the  cylinder,  instead  of  on  top.  The  valve 
can  be  opened  at  either  end  of  the  cylinder,  and  is  my 
patent,  with  an  improvement  whereby  I  get  rid  of  com- 
pression and  vacuum  and  thus  obtain  the  best  results. 

A  flat  valve  when  traveling  or  in  motion  lifts  from  the 
seat,  it  steam  is  not  used,  at  each  end  of  the  stroke  of  the 
piston  ;  this  is  caused  by  compression  in  the  cylinder  and 
vacuum  in  the  steam-delivery  pipe.  This  1  do  away  with, 
as  I  have  proved  upon  the  locomotive  just  built  for  this 
company. 

I  worked  for  the  Rogers  Locomotive  Works  in  1844, 
1845  and  1846,  and  I  well  remember  the  length  of  time 
consumed  in  constructing  a  locomotive  ;  also  nearly  every 
man  who  was  then  employed  there — many  being  scattered 
in  after  years.  I  was  in  the  employ  of  the  Schenectady 
Locomotive  Works  m  Norris'  time,  before  Walter  Mc- 
Oueen  was  there  and  also  after  he  came.  I  took  from 
those  works  the  first  locomotive  that  ever  went  west  of 
Lake  Michigan  ;  at  the  same  time  Peter  and  Jack  Ebberts, 


of  the  Galena  &  Chicago  Union,  took  up  an  old  engine 
called  the  Whittlesey.  I  also  worked  for  David  H.  Biggs 
on  the  old  Syracuse  &  Utica  Railroad  (now  part  of  the 
New  York  Central),  while  David  Matthews  had  charge  at 
Schenectady  before  J.  Blackburn  took  charge  there— and 
I  well  remember  his  "  hump-back  "  smoke-stacks.  Those 
were  the  days  of  railroad  infancy.  I  also  took  from 
Schenectady  the  first  engines  for  the  Great  Western  Rail- 
way of  Canada— called  No.  i  J/enru/ts  and  No.  2  Samp- 
son— and  many  others,  and  through  Mr,  McQueen's  ad- 
vice I  remained  there  many  years  as  a  locomotive  engineer. 
On  January  17,  1853,  I  ran  the  Sampson  on  the  opening 
train,  or  excursion  for  the  opening  of  the  whole  road; 
John  T.  Clark,  Chief  Engineer,  and  his  associates — William 
Scott,  Norman  Booth,  Charles  Henson  and  William  Bow- 
man—were on  the  engine  with  me  from  London  to 
Windsor. 

I  could  tell  a  great  deal  more,  but  cannot  get  it  into 
this  letter.  W.alter  S.  Phelps. 

Ferro-Carril  de  Guantanamo,  Cuisa. 

[Note. — The  Allen  straight  link,  which  is  an  entirely 
distinct  thing  from  the  Allen  valve,  the  two  having  no 
connection,  was,  we  believe,  first  used,  or  at  least  first 
described,  in  1855  or  1856,  several  years  before  the  time 
named  by  Mr.  Phelps,  in  his  interesting  letter  of  historical 
reminiscences.  The  Allen  valve  was  used  at  the  Rogers 
Works  at  the  time  stited  in  the  book. — Editor. I 


THE  MILLER  PLATFORM  AND  COUPLER 
PATENTS. 

(Continued  from  page  255.; 

The  next  matter  to  be  considered  is  the  1S63  patent  of 
Miller,  both  in  its  relation  to  the  state  of  the  art  and  as  it 
bears  upon  the  Janney  coupling.  The  only  claim  of  this 
patent  which  was  pressed  was  the  fourth,  which  is  as 
follows:  "The  double  beveled  hooks  C  C,  disconnected 
from  any  coupling  or  bumper  box  constructed,  arranged, 
and  operated  in  the  manner  described." 

Fig.  I  is  a  copy  of  a  drawing  taken  from  the  Miller 
patent.  The  view  is  an  inverted  plan  of  the  bottom  of 
the  car. 

In  this  cut.  the  two  hooks  are  shown  fastened  to  their 
respective  car  beds  A  A',  and  the  double  bevel  of  each, 
hook  is  marked  respectively  a  and  «',  the  letter  a  designat- 
ing the  inner  bevel  and  the  letter  a'  the  outer  bevel. 

To  keep  the  hooks  C  C  in  their  locked  position  after- 
coupling,  spring  gates  were  used,  which  are  marked  F.. 
one  form  being  shown  upon  car  A  and  another  form  uponi 
car  A'.  With  these  gates,  however,  we  have  nothing: 
to  do. 

It  will  be  observed  that  no  buffers  of  any  kind  are 
shown,  and  that  the  cars  are  close  together,  the  ends  of 
the  car-beds  almost  meeting.  The  hooks  C  and  C  can- 
not act  as  buffers,  and,  were  it  not  for  the  meeting  of  the 
ends  of  the  cars,  they  could  approach  each  other  to  anyr 
extent  as  far  as  the  couplings  were  concerned,  these  not 
opposing  any  resistance  to  the  movement  toward  each 
other  of  the  cars  themselves. 

It  IS  difficult  to  state  briefly  the  exact  view  taken  by 
the  complainants  of  the  claim  in  controversy. 

They  held  that  the  hook  was  to  be  independent  of  a 
coupling  or  bumper-box,  though  means  of  receiving  the 
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shock  when  the  cars  met  were  to  be  present  or  might  be 
present.  They  admitted  that  the  Janney  hook  had  not 
the  bevel  marked  at  u'  (the  outer  bevel),  but  appeared  to 
think  that  the  inner  bevel  <i  was  present. 

The  functions  of  the  bevels  are  to  separate  the  hooks 
laterally  when  the  cars  A  and  ./are  forced  together,  and 


[September,  1887. 


This  patent,  the  defendant  contended,  showed  a  single- 
beveled  hook  and  a  bumper-box. 

The  ne.Kt  patent  to  be  referred  to  is  that  of  J.  H.  Jones, 
No.  12,680,  dated  .April  10,  1855. 

This  patent  showed  two  hooks  held  together  by  springs, 
and  the  specification   indicates  that  these  hooks  can  be 


Fig.  I. 

BOTTOM    VIEW.    MILLER'S    PATENT,    |S6^ 


the  functions  of  the  bevels  ,r'  are  to  open  gradually  the 
gates  K  Now,  accord mg  to  the  complainants,  as  the 
Janney  hooks  had  no  gates,  they  required  no  bevel  ,i',  and 
therefore  the  claim  might  be  read  as  requiring  but  a 
single  bevel   when  such  alleged  equivalent  devices  were 
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used  with  or  without  bumper-boxes,  though  this  is  not 
exactly  definite.  Fig.  3  is  a  cut  taken  from  the  patent 
of  Jones.  , 

It  will  be  seen  that  the  hooks  C  C  were  provided  with  a 
bevel  to  separate  them  when  the  cars  came  together,  and 
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Fig. 

JOSEPH    .miller's 

used.  The  view  taken  cannot  be  made  clear  here,  for  it 
was  not  clear  at  the  time  of  the  trial  or  since.  On  read- 
ing over  the  testimony,  months  afterward,  the  matter  is 
not  any  clearer.  However,  without  going  into  a  careful 
review  of  the  complainants'  position  in  this  matter,  it  will 
be  best  to  refer  at  once  to  the  state  of  the  art  and  see  just 
where  Miller  stood. 

It  is  not  deemed  necessary  to  go  into  a  detailed  des- 
cription of  the  Miller  device  as  above  shown,  for,  from  the 
drawing,  it  will  be  evident  to  those  readers  who  are  me- 
chanics precisely  how  the  parts  operated.  The  windlass 
for  opening  the  hooks  and  the  like  mechanism  for  open- 
ing the  gates  is  clearly  shown  and  needs  no  explanation. 

.\mong  the  earlier  patents,  the  first  which  is  worthy  of   ] 
notice  is  the  patent  of   Joseph   Miller,  No.  11,940,  dated 
Nov.  14.  1854.  I 

This  earlier  Miller  (who  we  believe  was  a  cousin  of  Ezra  j 
Miller,  the  inventor  we  are  speaking  of)  showed  two  hooks 
with  a  single  bevel,  but  each  pivoted  in  a  bumper-box  of 
old  and  well-known  construction.  The  hooks  were  sepa- 
ated  not  by  a  sidewise  motion  as  in  the  1863  Miller  patent, 
but  by  an  up-and-down  movement.  Fig.  2  is  taken  from 
the  1854  patent  of  Miller,  showing  the  parts  partly  in 
section. 


that  they  were  forced  to  couple  and  remain  coupled  by 
the  springs  Z)  Z*.  If  no  buffers  or  bumper-boxes  were 
used,  then  the  two  ends  of   each  hook  would  strike  the 


Fig-  3. 

JONES'  COUPLER, 


1855- 


cavity  in  the  opposing  hook,  and  a  buffer  would  be  thus 
formed. 

The  patent  of  E.  L.  Keeler,  No.  24,938,  dated  Aug.  2, 
1859,  showed  two  hooks  disconnected  from  any  coupling 
or  bumper-box.     The   hooks  were  separated  by  rotating 
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them.     Fig.  4  is  an  engraving  of  the  hooks  taken  from  the 
patent. 


The  patent  of  L.  Adams,  No.  26,403,  dated  Dec.  13.  1S59, 
is  illustrated  in  the  accompanying  cut,  a  bottom  view 
■being  shown. 


Fig.  5- 

L.    ADAMS'    PATENT,    1859. 

This  patent,  clearly  and  without  doubt,  shows  a  single 
beveled  hook  attached,  as  is  Miller's,  to  a  spring  (as  shown 
in  the  cut),  and  not  connected  with  a  coupler  or  buffer- 
box. 

The  drawing  of  the  patent  does  not  show  the  hook  C 
as  projecting  quite  far  enough  beyond  the  beam  A,  but 


The  coupling  was  of  an  old  form  having  a  buffing-box, 
but  instead  of  a  link,  a  coupling-bar  was  used  having  a 
hole  at  either  end.  The  coupling  or  bulTmg-box  itself 
was  provided  with  springs.  The  patent  recognized  the 
advantages  of  close  coupling  and  pointed  out  the  safety 
to  passengers  which  would  follow  from  such  a  construc- 
tion and  arrangement  of  the  parts. 


Fig.  7. 

\VATr,RBURY'.S   COUPLER,    1 852. 

The  foregoing  gives  a  clear  idea  of  the  state  of  the  art 
at  the  time  of  Miller's  1863  patent. 

It  will  be  seen  that,  before  Miller's  1863  patent,  no  one 
example  existed  of  a  hooked  headed  coupling,  with  the 
two  bevels  a  a'  and  which  was  disconnected  from  a  coup- 
ling or  bumper-box.  But,  however,  numerous  examples 
existed  of  single  beveled  hooks  connected  with  a  coupling 
or  bumper-box. 

Now  turn  to  the  Janney  coupler. 

The  hooks  are  formed  by  the  pivoted  tongues  which. 


Fig.  6. 

\TERBURV'S   COITLER. 


this  is  probably  a  draftsman's  error.  Had  this  hook  had 
another  bevel  it  would  in  terms  have  met  Miller's  claim. 

The  patent  of  Birch  &  Noble  showed  two  hooks  con- 
nected with  a  coupling  or  bulTer-box,  the  hooks  work- 
ing vertically;  this  patent  was  issued  in  1S62. 

The  hooks  were  double  beveled,  and  one  or  the  other 
might  be  uppermost  in  coupling.  Each  hook  had  two 
draw-faces. 

The  next  patent  of  importance  is  that  of  M.  Water- 
bury.  No.  34.384,  dated  Feb.  11,  1862. 

The  accompanying  cut  (fig,  6)  shows  the  mechanism. 

In  this  structure  a  single  beveled  hook  is  shown,  pivoted 
to  a  bumper-beam.  The  hooks  are  lettered  E  E.  and  the 
bumper  is  lettered  C.  The  bumper-beam  slides  between 
the  beams  B  B. 

During  the  trial,  it  was  suggested  that  Miller  was  the 
first  to  couple  the  cars  closely  together  so  that  people 
would  not  fall  between  them,  but  this  was  shown  not  to 
be  so  by  reference  to  the  patent  of  C.  Waterbury, 
No.  9.084,  dated  Jan.  29,  1852. 

A  view  of  the  structure  (fig.  7)  is  given,  taken  from  the 
patent.  The  cut  shows  a  top  view  in  section  of  the  ends 
of  two  cars. 

In  this  device  the  blocks  B  B  are  elastic,  and  the  plat- 
forms are  enclosed,  having  doors  leading   to   the  steps. 


when  fas  ened  in  one  position,  constitute  a  hook,  and 
which,  when  left  free,  open  so  that  no  hook  is  formed. 
There  is  no  sidewise  motion  of  the  coupler-shank  as  a 
whole  as  in  Miller's,  but  only  of  the  tongue.  When  the 
couplers  of  two  cars  are  locked  together  the  couplers  act 
as  buffers,  and  in  fact  do  more  in  this  regard  than  do  the 
two  side  buffers.  Springs  are  specially  arranged  on  the 
shanks  of  the  Janney  couplers  to  act  as  buffers,  and  this 
function  they  must  effectually  perform.  Now,  it  follows 
from  this  that  the  Janney  coupling  is  not  a  hooked-headed 
coupling  disconnected  from  a  coupling  or  bumper-box, 
but  is  in  fact  a  hooked-head  coupling  connected  with  a 
buffing-box,  and  in  this  regard  it  differs  from  the  terms  of 
Miller's  fourth  claim  and  is  like  the  earlier  examples  shown 
by  the  state  of  the  art. 

Next,  Janney  s  coupling  has  no  double  bevel.  It  can 
scarcely  be  said  to  have  a  single  bevel.  It  certainly  has 
not  got  the  bevels  a  and  a'  of  the  Miller  patent,  and 
neither  has  it  the  operation  which  requires  the  use  of 
these  bevels.  This  is  the  view  that  the  Court  took,  saying 
as  follows  : 

The  construction  asked  for  by  the  plaintiff  would  necessarily 
eliminate  from  the  claim  in  question  one  of  the  bevels  referred 
to  As  I  have  said,  the  Court  has  felt  that  it  could  not  without 
doing  violence  to  the  law  in  that  respect  coiistiue  the  claim  rS 
omitting  one  of  the  bevels  when  the  patentee  has  included  both. 
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It  being  conceded  by  the  experts  on  both  sides,  as  you  will 
doubtless  recollect,  that  there  is  no  equivalent  in  the  Janney 
hook  or  coupler  for  the  outside  bevel,  there  can  be  no  pretense 
that  the  claim  is  infringed. 

Thus  the  Court  passed  on  the  question  of  infringement 
of  the  clai.Ti  under  consideration.  Another  reason  e.xisted 
for  the  withdrawal  by  the  Court  of  the  fourth  claim  of  this 
1S63  patent  from  the  jury,  and  this  reason  was  that 
Miller  himself  had  said,  in  the  letter  before  quoted,  that 
the  Janney  device  did  not  infringe  his  1S63  patent,  and 
this  opinion  once  given  could  not  be  reversed  orchanged. 

For  these  two  reasons  the  1863  patent  of  Miller  was  by 
the  Court  taken  from  the  jury,  which  act  on  the  part  of 
the  Court  was  equivalent  to  a  verdict  for  the  defendant 
as  far  as  the  1863  patent  was  concerned.  The  Court 
holding  that  the  patent  was  not  infringed  and  that  the 
Miller  heirs  were  by  their  father's  act  estopped  from  say- 
ing that  the  Janney  devices  came  within  the  scope  of 
the  claim. 

THE    RULO   BRIDGE. 

The  accompanying  illustrations  show  the  three  short 
shore  spans  and  one  river  span  of  the  new  bridge  over 
the  Missouri  at  Rulo,  Neb.;  also  the  details  of  the  long 
or  river  span. 

This  bridge,  now  nearly  completed,  has  been  built  for 
the  Chicago,  Burlington  &  Ouincy  Railroad  Company 
under  the  supervision  of  Mr.  George  S.  Morison  as  Chief 
Engineer.  The  foundations  were  put  in  by  the  company, 
and  the  masonry  was  put  up  by  Drake  &  Stratton.  The 
superstructure  is  the  work  of  the  Edge  Moor  Iron  Com- 
pany, of  Wilmington,  Del. 

A  full  description  of  the  bridge  will  be  found  in  the 
specifications,  the  material  part  of  which  is  given  below: 

GENERAL  DESCRIPIION. 

The  superstructure  will  consist  of  three  main  through 
spans  and  si.x  deck  spans,  three  of  which  will  be  at  each 
end  of  the  structure. 

Each  through  span  will  be  375  ft.  long  between  centers 
of  end  pins,  divided  into  15  panels  of  25  ft.  each.  The 
trusses  will  be  50  ft.  deep  and  placed  22  ft.  apart  between 
centers.  The  top  chord,  end  posts,  bolsters,  rollers,  bear- 
ing plates,  pins  and  all  eye-bars,  e.xcept  counters  and  ver- 
tical suspenders,  will  be  of  steel  ;  all  other  parts  will  be 
of  wrought-iron,  except  the  wall-plate  pedestals  and  orna- 
mental work  which  will  be  cast-iron.  Each  span  will  con- 
tain approximately  486,000  lbs.  of  steel,  484.000  lbs.  of 
wrought-iron  and  21.000  lbs.  of  cast-iron. 

Each  deck  span  will  be  125  ft.  long  between  centers  of 
end  pins,  divided  into  5  panels  of  25  ft.  each.  The  trusses 
will  be  17  ft.  6  in.  deep  and  placed  12  ft.  apart  between 
centers.  The  intermediate  ends  of  each  set  of  three  spans 
will  rest  on  iron  towers  measuring  25  ft.  long  in  the 
direction  of  the  bridge,  making  a  total  length  of  iron 
work  in  each  group  of  three  deck  spans  of  425  ft.  The 
pins,  rollers,  bearing  plates  and  eye-bars,  excepting  coun- 
ters, will  be  of  stee!  ;  all  other  parts  will  be  of  wrought- 
iron,  except  the  wall-plate  pedestals  which  will  be  of  cast- 
iron.  Each  span  will  contain  approximately  102.000  lbs. 
of  wrought-iron  and  31.000  lbs.  of  steel.  Each  group  of 
three  spans,  including  the  towers,  will  contain  approxi- 
mately 93.000  lbs.  of  steel.  398,000  lbs.  of  wrought-iron 
and  16,000  lbs.  of  cast-iron. 

The  total  estimated  weight  of  the  entire  structure  is 
approximately  4,000.000  lbs. 


Full  detail  plans,  showing  all  dimensions,  will  be  fur- 
nished by  the  Engineer.  The  work  shall  be  built  in  all 
respects  according  to  these  plans.  The  contractor,  how- 
ever,  will  be  expected  to  verify  the  correctness  of   the 


plans,  and  will  be  required  to  make  any  changes  in  the 
1   work  which  are  necessitated  by  errors  in   these   plans, 
j    without  extra  charge,  where  such  errors  could  be  dis- 
covered by  an  inspection  of  the  plans. 

MATERIALS. 

All  materials  shall  be  subject  to  inspection  at  all  times 
during  their  manufacture,  and  the  Engineer  and  his  in- 
spectors shall  be  allowed  free  access  to  any  of  the  works 
in  which  any  portion  of  the  material  is  made.  Timely 
notice  shall  be  given  the  Engineer  so  that  his  inspectors 
may  be  on  hand. 

5/tv/.— The  steel  used  will  be  of  two  classes,  viz.:  High 
Steel,  which  will  be  used  in  compression  members,  bol- 
sters, bearing  plates,  pins  and  rollers ;  and  Low  Steel,  whicK 
will  be  used  for  tension  members  and  rivets. 

'  Steel  may  be  made  by  the  open-hearth  or  by  the  Besse- 
mer process,  but  no  steel  shall  be  made  at  works  which 
have  not  been  in  successful  operation  for  at  least  one 
year;  steel  made  by  the  Clapp-Griffiths  process  will  not 
be  accepted.  .All  melts  shall  be  made  from  uniform  stock,, 
low  in  phosphorus,  and  the  manufacturer  shall  furnish 
satisfactory  evidence  to  the  Engineer  that  this  class  of 
material  is  being  employed,  it  being  understood  that  the 
furnished  product  is  to  be  one  in  which  the  phosphorus 
does  not  average  more  than  0.08  per  cent,  and  never  ex- 
ceeds o.io  per  cent. 

A  sample  bar  ;V  in.  in  diameter  shall  be  rolled  from 
every  melt ;  the  method  of  obtaining  the  piece  from  which 
this  sample  bar  is  rolled  shall  be  the  same  for  all  samples, 
and  the  amount  of  work  on  this  sample  bar  shall  be  as 
nearly  as  practicable  the  same  as  on  the  finished  product. 
The  laboratory  tests  shall  be  made  on  this  sample  bar  in 
its  natural  state  without  annealing. 

The  laboratory  tests  of  High  Steel  made  on  the  sample 
bar  shall  show  an  elastic  limit  of  not  less  than  50,000  lbs. 
per  square  inch,  an  ultimate  strength  of  not  less  than 
80,000  lbs.  nor  more  than  90,000  lbs.,  an  elongation  of  at 
least  15  per  cent,  in  8  in.  and  a  reduced  area  of  at  least  35 
per  cent,  at  the  point  of  fracture.  In  a  bending  test,  the 
sample  bar  shall  bend  180'  around  its  own  diameter  with- 
out showing  crack  or  flaw. 

The  laboratory  tests  of  Low  Steel  made  on  the  sample 
bar  shall  show  an  elastic  limit  of  not  less  than  40,000  lbs. 
per  square  inch,  an  ultimate  strength  of  not  less  than 
70,000  lbs.  nor  more  than  So,ooo  lbs.,  an  elongation  of  at 

j  least  18  per  cent,  in  a  length  of  8  in.,  and  a  reduction  of 
at  least  42  per  cent,  at  the  point  of  fracture.  In  a  bend- 
ing test,  the  sample  bar  shall  bend  180'  and  close  back 
against  itself  without  showing  crack  or  flaw  on  the  out- 
side of  the  curve. 

The  softest  melts  shall  be  selected  for  rivets,  and  the 
only  requirements  as  to  elastic  limit  and  ultimate  strength 
will  be  that  the  ultimate  strength  shall  be  at  least  60,000- 

j    lbs.  per  square  inch. 

Facilities  for  testing  sample  bars  shall  be  furnished  by 
the  contractor  at  a  point  convenient  to  the  steel  works, 
and  the  tests  shall  be  made  at  the  expense  of  the  contrac- 
tor and  under  the  direction  of  the  Engineer.  Tests  may 
also  be  made  from  time  to  time  on  samples  cut  from  fin- 
ished plates,  shapes  and  bars,  which  shall  show  results 
substantially  conforming  to  those  shown  by  the  sample 
tests  of  the  same  melts. 

All  sheared  edges  or  punched  holes  in  steel  work  shall 
be  subsequently  planed  or  drilled  out,  so  that  none  of  the 
rough  surface  is  ever  left  upon  the  work.  Steel  for  pins 
shall  be  sound  and  entirely  free  from  piping. 

ll'roug/it  Iron. — The  iron  used  in  tension  members 
shall  be  double-refined  (high  test)  iron  ;  muck  bars  may 

j  be  used  at  the  center  of  the  pile,  but  shall  not  constitute 
more  than  one-third   of   the  total   pile.     Small  samples,. 

1    having  a  minimum  length  of  8  in.,  shall  be  furnished  by 

i  the  contractor  for  testing,  as  directed  by  the  Engineer; 
these  samples  shall  show  an  elastic  limit  of  at  least  26,000 
lbs.  and  an  ultimate  strength  of  at  least  50.000  lbs.  per 
square  inch,  shall  elongate  at  least  15  per  cent,  and  shall 
show  a  reduced  area  of  at  least  25  per  cent,  at  the  point 
of  fracture.  The  fracture  shall  be  of  uniform  fibrous 
character,  free  from  crystalline  appearances. 

Small  samples,  having  a  minimum  length  of  8  in.,  shalL 
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be  furnished  by  the  contractor  from  the  iron  used  in 
shapes,  plates  and  other  miscellaneous  forms,  as  directed 
by  the  Engineer;  these  samples  will  show  an  elastic  limit 
of  at  least  24,000  lbs.  and  an  ultimate  strength  of  at  least 
47.000  lbs.  per  square  inch,  shall  elongate  at  least  10  per 
cent,  before  breaking,  and  show  a  red\iction  of  area  of  at 
least  15  per  cent,  at  the  point  of  fracture.  In  plates  more 
than  30  in.  wide  an  elongation  of  S  per  cent,  and  a  reduc- 
tion of  12  per  cent,  at  the  point  of  fracture  will  be  con- 
sidered satisfactory. 

Cast-iron  shall  be  of  the  best  quality  of  lough,  gray 
iron. 

RIVETED    WORK. 

All  plates,  angles  and  channelsshall  be  carefully  straight- 
ened before  they  are  laid  out ;  the  rivet-holes  shall  be 
carefully  spaced  in  truly  straight  lines  ;  the  rivet-heads 
shall  be  of  hemispherical  pattern,  and  the  work  shall  be 
finished  in  a  neat  and  workmanlike  manner.  Surfaces  in 
contact  shall  be  p.iinted  before  they  are  put  together. 
The  dimensions  given  for  rivets  on  the  plans  are  the  diam- 
eters of  the  rivets  before  driving. 

Power  riveters  shall  be  direct-acting  machines,  capable 
of  exerting  a  yielding  pressure  and  holding  on  to  the  rivet 
when  the  upsetting  is  completed. 

5/tY/.— The  seveVal  pans  of  each  steel  member  shall  be 
assembled,  and  the  holes  shall  be  drilled,  the  sharp  edge 
of  the  drilled  hole  shall  be  trimmed  so  as  to  make  a  slight 
fillet  under  the  rivet  head,  and  the  pieces  shall  be  riveted 
together  without  taking  apart.  Should  the  contractors 
desire,  the  parts  may  be  punched  with  holes  not,exceed- 
ing  four-tilths  the  diameter  of  the  finished  hole,  and  this 
punching  shall  be  so  accurate  that  at  least  ,',.,  in.  of  metal 
is  taken  out  all  around  in  drilling  the  hole.  All  rivets  in 
steel  members  shall  be  of  steel ;  the  rivet-holes  shall  be  of 
such  size  that  they  will  fill  the  hole  before  driving,  and 
whenever  possible  the  rivets  shall  be  driven  by  power. 
All  bearing  surfaces  shall  be  truly  faced.  The  chord 
pieces  shall  be  fitted  together  in  the  shop  in  lengths  of  at 
least  five  panels  and  marked  :  when  so  fitted  there  shall 
be  no  perceptible  wind  in  the  length  laid  out.  The  pin 
holes  shall  be  bored  truly  so  as  to  be  at  exact  distance, 
parallel  with  one  another,  and  at  right  angles  to  the  axis 
of  the  member. 

Wrought  Iron. — All  wrought-iron  work  shall  be  punched 
accurately  with  holes  ^V  in.  larger  than  the  size  of  the 
rivet,  and  when  put  together  a  cold  rivet  shall  pass  through 
every  hole  without  reaming.  So  far  as  possible  all  rivets 
shall  be  driven  by  power.  The  holes  for  the  rivets  con- 
necting the  floor-beams  with  the  posts  and  bolsters  and 
the  stringers  with  the  floor-beams,  and,  in  general,  the 
holes  for  all  rivets  which  must  be  driven  after  erection, 
shall  be  accurately  drilled  to  an  iron  templet.  The  holes 
for  the  rivets  connecting  the  floor-beams  with  the  posts 
shall  be  i  in.  in  diameter,  and  the  rivets  of  corresponding 
diameter.  The  pin-holes  in  the  vertical  posts  shall  be 
truly  parallel  with  one  another  and  at  right  angles  to  the 
axis  of  the  posts.  The  posts  shall  be  straight  and  free 
from  wind. 


The  heads  of  steel  eye-bars  shall  be  formed  by  upsetting 
and  forging  into  shape  by  such  process  as  may  be  accepted 
by  the  Engineer.  No  welds  will  be  allowed.  After  the 
working  is  completed,  the  bars  shall  be  annealed  by  heat- 
ing them  to  a  uniform  dark  red  heat  throughout  their 
entire  length  and  allowing  them  to  cool  slowly.  The  form 
of  the  heads  of  steel  eye-bars  may  be  modified  to  suit  the 
process  in  use  at  the  contractor's  works,  but  the  form  of 
head  adopted  must  be  sjch  as  to  meet  the  requirements 
of  the  tests  of  full-sized  bars. 

The  heads  and  the  enlarged  ends  for  screws  in  laterals, 
suspsnders  and  counters  shall  be  formed  by  upsetting  or 
bv  an  upsetting  and  welding  process  acceptable  to  the 
Engineer.  Welds  in  the  body  of  the  bar  will  not  be 
allowed. 

TKSTS   OF    FULL-SIZED    STEEL    H.-VRS. 

Ten  full-sized  eye-bars  of  sections  and  lengths  used  in 
the  actual  work  shall  be  selected  by  the  inspector  for  test- 


ing; each  of  these  full-sized  bars  shall  be  strained  till  an- 
elongation  of  10  per  cent,  is  obtained,  and,  if  possible,, 
broken ;  if  broken,  the  fracture  shall  occur  in  the  body  of 
the  bar  and  shall  show  a  uniform  ductile  quality  of  ma- 
terial. 

The  contractor  will  be  required  to  furnish  facilities  for 
testing  the  full-sized  bars  within  a  reasonable  distance  of 
his  works.  Should  the  contractor  be  unable  to  furnish 
such  facilities,  he  shall  be  required  to  furnish  bars  at  20 
per  cent,  larger  section  than  those  called  for,  without 
change  for  the  increased  weight. 

The  full-sized  bars  shall  be  selected  from  time  to  time 
as  the  work  proceeds,  the  last  bar  not  to  be  .selected  till 
all  the  eye-bars  are  manufactured.  The  tests  shall  be 
made  from  time  to  time  as  the  bars  are  selected.  When 
three  bars  have  been  tested,  the  bars  manufactured  up  to 
the  time  of  the  selection  of  these  three  test  bar<  shall  be 
accepted  or  rejected  as  the  results  of  such  tests,  and  the 
same  shall  be  done  again  when  three  more  bars  are  tested. 
In  the  tests,  the  failure  of  one  bar  to  develop  a  stretch  of 
10  per  cent,  before  breaking  shall  be  suflicient  reason  for 
rejecting  the  whole  lot ;  but  a  failure  to  break  in  the  body  of 
the  bar  shall  not  be  a  sufficient  ground  for  rondcmnation. 
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if  it  does  not  occur  in  more  than  one-third  of  the  bars 
tested.  Should  the  contractor  on  the  first  attempt  fail  to 
make  bars  coming  up  to  the  required  specifications,  the 
Engineer  may  order  bars  of  20  per  cent,  larger  section 
than  the  plans  call  for,  to  be  furnished  by  the  contractor 
without  charge  for  the  increased  weight. 

MACHINE   WORK. 

The  bearing  surfaces  in  the  top  chord  shall  be  truly 
faced.  The  ends  of  the  stringers  and  of  the  floor-beams 
shall  be  squared  in  a  rotary  facer.  All  surfaces  so  desig- 
nated on  the  plans  shall  be  planed. 

All  pins  shall  be  accurately  turned  to  a  gauge,  and  shall 
be  of  full  size  throughout ;  pin-holes  shall  be  bored  to  fit 
the  pins,  wii  h  a  play  not  exceeding  0.02  in.  These  clauses 
apply  to  all  lateral  connections  as  well  as  to  those  of  the 
main  trusses.  Pins  shall  be  supplied  with  pilot  nuts  for 
use  during  erection,  four  for  each  size  of  pin. 

All  screws  shall  have  a  truncated  V-thread.  United 
States  standard. 

MISCELLANEOUS. 

All  workmanship  and  material,  whether  particularly 
specified   or  not,  must  be  of  the  best  kind  now  in  use  in 
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firtt-class  bridge-work.  Flaws,  ragged  edges,  surface  im- 
perfections or  irregular  shapes  will  be  sufficient  ground 
for  rejection  ;  rough  and  irregularly  finished  work  will 
not  be  accepted. 

Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment;  all  other  parts  shall  be 
given  a  coat  of  hot  boiled  linseed  oil. 


The  Foundation  of  the  Central  Viaduct  at  Cleveland. 

[Report  read  by  W.  H.  Searles,  Chairman  of  Commillee  on  Civil 
Engineering  of  the  Civil  Engineers'  Club  of  Cleveland  ;  published  in  the 
Journal  0/ th€  Association  of  Eit^interiit^i;  Sociitics.\ 

The  Central  Viaduct  now  under  construction  in  the 
city  of  Cleveland,  Ohio,  is  probably  the  longest  structure 
of  the  kind  devoted  entirely  to  street  traffic.  The 
superstructure  is  in  two  distinct  portions,  separated  by  a 
point  of  high  ground.  The  main  portion  extending 
across  the  river  valley  from  Hill  Street  to  Jennings  Ave- 
nue is  2,840  ft.  long  on  the  floor  line,  including  the  river 
bridge,  a  swing  233  ft.  in  length  ;  the  other  portion,  cross- 
ing Walworth  Run  from  Davidson  Street  to  ."^bbey  Street, 
is  1.093  ft.  long.  Add  to  these  the  earthwork  and 
masonry  approaches.  1,415  ft.  long,  and  we  have  a  total 
length  of  5,348  ft.  The  width  of  roadway  is  40  ft.;  side- 
walks, 8  ft.  each.  The  elevation  of  the  roadway  above  the 
water  level  at  the  river  crossing  is  102  ft.  The  super- 
structure is  of  wrought-iron,  mainly  trapezodial  trusses 
varying  in  length  from  45  ft.  to  150  ft.  The  river  piers 
are  of  first-class  masonry  on  pile  and  timber  foundations. 
The  other  supports  of  the  viaduct  are  wrought-iron 
trestles  on  masonry  piers,  resting  on  broad  concrete 
foundations.  The  pressure  on  the  material  beneath  the 
concrete,  which  is  plastic  blue  clay  of  varying  degrees  of 
stiffness  mi.xed  with  fine  sand,  is  about  one  ton  per  square 
foot. 

The  Cuyahoga  Valley,  which  the  viaduct  crosses  from 
bluff  to  blurt',  is  composed  mainly  of  blue  clay  to  a  depth 
of  over  1 50  ft.  below  the  river  level.  No  attempt  is  made 
to  carry  the  foundation  to  the  rock.  White-oak  piles  of 
from  50  to  60  ft.  in  length  and  10  in.  in  diameter  at  small 
end  are  driven  for  the  bridge  piers  either  side  of  the  river 
bed.  and  these  are  cut  ort'  with  a  circular  saw  iS  ft.  below 
the  surface  of  the  water.  Excavation  by  dredging  was 
made  to  a  depth  of  3  't.  below  where  the  piles  are  cut  off 
to  allow  for  the  rising  of  the  clay  during  the  driving  of 
the  piles.  The  piles  are  spaced  about  2  ft.  5  in.  each  way, 
center  to  center.  The  grillage  or  platform  covering  the 
piles  consists  of  14  courses  of  white-oak  timber  12  in.  by 
12  in.  having  a  few  pine  timbers  interspersed  so  as  to 
allow  the  mass  to  float  during  construction.  The  lower 
half  of  the  platform  was  built  on  shore,  care  being  taken 
to  keep  the  lo»er  surface  of  the  mass  of  timber  out  of 
wind.  The  upper  and  lower  surfaces  of  each  timber  were 
dressed  in  a  Daniels  planer,  and  all  pieces  in  the  same 
course  were  brought  to  a  uniform  thickness.  Thetimbers 
in  adjacent  courses  are  at  right  angles  to  each  other. 
The  lower  course  is  about  58  ft.  by  22  ft.,  the  top  course 
about  50  by  24  ft.,  thus  allowing  four  steps  of  i  ft.  each 
all  around.  The  first  course  of  masonry  is  48  ft.  by  21  ft. 
S  in.;  the  first  course  of  battered  work  is  41  ft.  8>i  in.  by 
16  ft.  3  in.  Thus  the  area  of  the  platform  on  the  piles  is 
1,856  square  ft.  and  of  the  first  battered  course  of  masonry 
777.6  square  ft.,  or  in  the  ratio  of  2.4  to  i.  The  height  of 
the  masonry  is  78  ft.  above  the  timber,  or  73^2  It.  above 
the  water.  The  number  of  piles  in  each  foundation  is 
312.  The  average  load  per  pile  is  about  11  tons,  and  the 
estimated  pressure  per  square  inch  of  the  timber  on  the 
heads  of  the  piles  is  about  200  pounds. 

To  prevent  the  submersion  of  the  lower  courses  of 
masonry  during  construction,  temporary  sides  of  timber 
were  drift-bolted  to  the  margin  of  the  upper  course  of  the 
timber  platform,  and  carried  high  enough  to  be  above  the 
surface  of  the  water  when  the  platform  was  sunk  to  the 
head  of  the  piles  by  the  increasing  weight  of  masonry. 

The  center  pier  is  octagonal,  and  is  built  in  the  same 
general  manner  as  to  foundations  as  the  shore  piers,  but 
the  piles  are  cut  ofi  22  ft.  below  water,  and  there  are  18 
courses  of  limber  in   the  grillage.     The  diameter  of  the 


platform  between  parallel  sides  is  53  ft.,  while  that  of  the 
lower  course  of  battered  masonry  is  but  37  ft.  The  areas 
are  as  2,332  to  i ,  1 47,  or  as  2  to  i ,  nearly.  The  pressure  per 
square  inch  of  timber  on  the  heads  of  the  piles  is  about 
the  same  as  stated  above  for  the  shore  piers.  The  num- 
ber of  piles  under  the  center  pier  is  4S3. 

The  risks  and  delays  by  this  method  of  constructing 
the  foundations  were  much  less,  and  the  cost  also,  than  if 
an  ordinary  coffer  dam  had  been  used.  Also  the  total 
weight  of  the  piers  is  much  less,  as  that  portion  below  a 
point  about  2  tt.  below  the  water  adds  nothing  to  their 
weight. 

The  piles  were  driven  with  a  Cram  steam  hammer 
weighing  two  tons,  in  a  frame  weighing  also  two  tons. 
The  iron  frame  rests  directly  upon  the  head  of  the  pile 
and  goes  down  with  it.  The  fall  of  the  hammer  is  about 
40  in.  before  striking  the  pile.  The  total  penetration  of 
the  piles  into  the  clay  averaged  27  ft.  The  settlement  of 
the  pile  during  the  final  strokes  of  the  hammer  varied 
from  '4  to  V  in.  per  blow. 

There  are  122  masonry  pedestals,  of  which  8  are  large 
and  heavy,  carrying  spans  of  considerable  length.  They 
will  all  be  built  upon  concrete  beds  except  a  few  near  the 
river  on  the  north  side,  where  piles  are  required. 

The  four  abutments  with  their  retaining  walls  are  of 
first-class  rock-faced  masonry.  The  footing  courses  are 
stepped  out  liberally,  so  as  to  present  an  unusually  large 
bottom  surface.  They  rest  on  beds  of  concrete  4  ft.  thick. 
The  foundation  pits  are  about  50  ft.  below  the  top  of  the 
bluffs  and  are  in  a  material  coiiinion  to  the  Cleveland 
plateau,  a  mixture  of  blue  sand  and  clay  with  some  water. 
The  estimated  load  of  masonry  on  the  earth  at  the  bot- 
tom of  the  concrete  is  1.7  tons  to  the  square  foot.  Two 
of  the  large  abutments  were  completed  last  season.  They 
show  an  average  settlement  of  ;'s  in.  since  the  lower  foot- 
ing courses  were  laid. 

The  facts  and  figures  here  given  regarding  the  viaduct 
were  kindly  furnished  by  the  City  Civil  Engineer,  C.  G. 
Force,  who  has  the  work  in  charge. 


The    Preservation  of   Railroad  Ties  and   Timber  by  the 
Use  of  Antiseptics. 


The  antiseptics  that  have  been  used  up  to  the  present 
time,  to  any  considerable  extent,  in  the  preservation  of 
railway  ties  and  timber  are:  Corrosive  sublimate,  kyaniz- 
ing;  sulphate  of  copper,  Boucherie ;  chloride  of  zinc, 
Burnettizlng;  and  dead-oil,  creosoting. 

Many  others,  however,  have  been  tried  in  the  past  50 
or  more  years,  and  abandoned  for  one  cause  and  another, 
which  I  will  not  attempt  to  explain,  but  will  confine  my 
remarks  to  those  now  in  use. 

Corrosive  sublimate  is  the  most  powerful  poison  of  them 
all.  and  its  antiseptic  properties  arc  some  5oor  more  times 
greater  than  sulphate  ot  copper  or  chloride  of  zinc  ;  that 
is,  a  solution  of  one  part  corrosive  sublimate  in  10,000 
parts  of  water  would,  according  to  the  best  authorities, 
be  more  than  an  equivalent  to  sulphate  ot  copper, diluted 
one  part  in  400,  or  chloride  of  zinc,  one  part  in  200  of 
water,  which  is  about  the  minimum  at  which  they  will 
preserve. 

In  treating  timber  with  corrosive  sublimate,  it  is  gen- 
erally placed  in  large  wooden  vats  for  one  day  for  each 
inch  in  thickness,  not  counting  the  day  it  is  put  in  or 
taken  out,  or  say  10  days  for  an  8  in.  x  8  in.  square 
stick. 

The  handling  of  the  timber  after  treatment  has  to  be 
done  with  care,  or  serious  consequences  may  follow. 
The  solution  used  has  generally  been  one  part  in  100  of 
water. 

The  treatment  with  sulphate  of  copper  has  generally 
been  done  by  the  Boucherie  process,  or  in  copper  cylin- 
ders, on  account  of  its  corrosive  properties,  while  the 
treatment  with  chloride  of  zinc  is  done  in  iron  cylinders, 
which  cost,  say.  10  times  less  than  copper.  .^11  three  of 
these  salts  being  more  or  less  liable  to  be  chemically 
changed  or  washed  out  of  the  wood,  and   as  the  chloride 
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of  zinc  has.  under  most  conditions,  when  injected  in 
proper  quantities,  answered  equally  as  well,  and  being 
cheaper  and  more  economically  handled,  it  has  come  more 
generally  into  use  than  either  of  the  others.  In  fact, 
comparatively  speaking,  corrosive  subhmate  and  sulphate 
of  copper  have  practically  gone  out  of  use. 

Chloride  of  zinc  has  served  a  good  purpose  in  the  prcs- 
erv.ition  of  railroad  ties  in  Germany,  while  in  England 
the  treatment  has  not  been  satisfactory — in  fact,  has  been 
abandoned.  Now,  why  this  great  dilterence  in  results? 
The  road-beds  are,  as  1  understand  it,  alike  (rock-bal- 
lasted) ;  consequently,  the  drainage  is  the  same.  It  must 
be  on  account  of  the  impurities  absorbed  into  the  ties, 
from  England's  moist  climate,  which  changes  gradually 
the  chloride  into  a  non-antiseptic,  for  rainfall,  as  a  rule, 
will  not.  so  far  as  my  observations  go.  wash  it  out.  It 
takes  more  than  rain;  in  fact,  it  means  submerging  it  in 
water,  and  this  would  hardly  occur  on  a  rock-ballasted 
roadbed.  If  a  tie  were  reasonably  dry  and  in  rock  bal- 
last, and  it  should  rain,  it  would  absorb  moisture  slowly 
as  it  rained  ;  the  flow  would  be  inward,  taking  more  or 
less  of  the  salt  with  it,  for  any  of  the  soluble  salts  men- 
tioned will,  to  a  certain  extent,  move  around  through  the 
wood  in  whatever  direction  the  moisture  goes.  When  it 
rains,  it  goes  inward  or  towards  the  center  ;  when  the 
moisture  evaporates,  to  the  point  of  evaporation.  1 
have  had  this  tested  by  analysis,  to  my  entire  satisfac- 
tion. 

If  ti  s  were  submerged,  or  partially  so.  in  water  for 
any  considerable  lime,  the  chloride  being  of  greater  spe- 
cific gravity  than  water,  its  tendency  would  be  to  go  out 
of  the  ties  rather  than  inward,  or  to  equalize  with  the 
water  surrounding  them.  .Again,  if  the  ties  were  in  sand 
(like  the  Rock  Island  ties,  which  I  will  mention  later  on), 
the  result  would  be,  when  your  sand  was  moist  or  wet 
they  would  absorb  moisture  where  they  came  in  contact 
with  it.  and  as  it  gradually  moved  to  the  point  of  evapo- 
ration, which  would  be  the  top  or  exposed  portion  of  the 
tie,  it  would  carry  with  it  more  or  less  of  the  chloride. 
This  constant  or,  at  certain  seasons  of  the  year,  long- 
continued,  evaporation  weakens,  in  my  opinion,  the 
strength  of  the  chloride  at  point  of  contact  with  the 
ground  or  moisture  below  the  minimum  of  its  preserving 
properties,  and  in  the  case  of  the  Rock  Island  ties,  which 
were  in  clean  sand,  they  gradually  decayed  where  they 
came  in  contact  with  the  ground,  but  remained  sound  on 
top,  as  a  general  thing. 

.■Again,  should  there  be  impurities  in  the  ground  or 
water  surrounding  the  ties,  or  in  the  rainfall,  that  would 
combine  with  the  chloride  or  any  salt  and  transform  it 
into  a  non-antiseptic,  as  o.xide  of  zinc,  the  change  would 
be  more  or  less  rapid,  and  it  is  in  this  way  that  1  account 
for  the  bad  results  with  chloride  of  zinc  in  England  ;  and 
from  rainfall,  if  the  ties  are  on  rock  ballast. 

I  know  of  Burnettizedgumwood  tiesthat  were  placed  in 
cinder  and  slack-coal  ballast  in  1880  (the  cinders  and 
slack  came  from  a  coal-mine  dump  which  had  been 
burned  oven  which  were  worthless  in  12  months  after 
being  placed  in  the  track,  while  ties  treated  at  the  same 
time,  that  were  placed  in  sand,  are  sound  to- day,  or  were 
when  I  examined  them  last  year. 

I  do  not  mean  to  say  that  all  cinders  and  slack  will 
produce  this  result,  but  these  did;  neither  do  1  wish  to 
convey  the  idea  that  the  changes  mentioned  heretofore 
occur  in  a  day.  Some  of  them  may  in  a  month,  or,  as  in 
the  case  of  the  Rock  Island  ties,  their  average  life  was 
over  15  years. 

There  is  a  section  of  some  20  miles  of  the  Union  Pacific 
Railroad  where  the  ties  have  been  preserved,  ever  since 
the  road  was  first  built,  by  the  soil  in  which  they  lie. 

With  reference  to  creosoting  or  the  use  of  dead-oil  in 
wood-preserving,  if  you  iniect  a  sufficient  quantity  of  oil 
lof  proper  quality,  after  steaming  and  vacuum)  into  ties 
or  timber,  they  vvill  remain  sound  so  long  as  the  oil  re- 
mains undisturbed,  if  it  enters  the  wood  but  yi  in.,  or 
even  less,  on  the  sides  of,  say,  a  10  in.  x  10  in.  stick  of 
tim"be-,  notwithstanding  the  oil  remains  practically  where 
it  is  placed  at  time  of  treatment,  and  does  not  diffuse 
through  the  wood,  like  chloride  of  zinc,  and  for  the  fol- 
lowing reasons  : 


Dead-oil  contains  carbolic  and  other  acids,  which  are 
more  or  less  soluble  in  water,  and  enough  of  these  acids 
combine  with  the  moisture  in  the  wood  at  time  of  treat- 
ment to  destroy  the  fermentable  or  other  matter  then  in 
the  wood,  that  tends  to  decay,  and  any  impurities  or 
germs  of  decay  thereafter  coming  from  the  outside  will 
have  to  pass  through  the  dead-oil,  and  in  doing  so  are 
destroyed  or  rendered  inert. 

The  trouble  with  creosoting  is  to  get  the  dead-oil 
where  you  want  it  (it  will  stay  where  you  put  iti  and  the 
cost.  The  trouble  with  a  mineral  salt  or  chloride  of  zinc 
is  to  keep  it  where  you  put  it,  or  where  it  places  itself 
shortly  after  treatment,  if  the  work  on  your  part  is  prop- 
erly done. 

Having  given  you  my  experience,  as  well  as  ideas  as  to 
the  benefits  to  be  expected  from  the  proper  use  of  min- 
eral salts  and  dead-oil  when  used  by  themselves,  I  will 
now  submit  for  your  consideration  and  discussion  before 
this  Society  the  process  known  as  the  "  zinc-creosote  " 
process,  which  consists  in  the  use  of  both  dead-oil  and 
chloride  of  zinc  in  combination,  for  the  preservation  of 
railroad  ties  and  timber  from  decay,  as  well  as  protection 
against  the  attacks  of  the  teredo  where  timber  is  placed 
in  the  sea. 

For  railroad  ties,  bridge-timber  and  the  like,  or 
where  timber  is  subjected  to  no  considerable  moisture, 
as  when  placed  on  or  in  the  ground,  the  process  is  as  fol- 
lows : 

After  preparing  the  timber  in  the  usual  way,  by  steam- 
ing and  vacuum,  the  dead-oil  is  run  into  the  cylinder, 
and  such  quantity  as  may  be  desired  is  forced  into  the  wood. 

For  railroad  ties  or  timber,  I  would  recommend,  say, 
'A  gallon  to  the  cubic  foot,  or  i  u  gallons  to  the  tie.  A 
less  amount  may  be  lound  to  answer.  After  the  timber 
has  been  treated  with  oil,  the  oil  is  removed  and  the 
cylinder  charged  with  chloride  of  zinc,  when,  by  pressure, 
it  can  be  made  to  enter  the  wood,  pass  through  and 
beyond  the  oil.  and  impregnate  by  diffusion  that  portion 
of  the  wood  that  the  oil  will  not  penetrate,  especially 
where  timber  is  not  well-seasoned  or  dense  like  oak. 
The  aim  of  this  process  is  to  get  the  benefit  of  the  dead- 
oil  treatment  where  ties  or  timber  come  in  contact  with 
the  ground  or  moisture,  with  one- half  or  less  oil.  besides 
having  those  portions  of  the  wood  not  penetrated  by  the 
oil  impregnated  by  the  zinc  chloride.  The  zinc  chloride, 
surrounded  as  it  is  by  oil,  should  be  protected  for  a  long 
time  in  railroad  ties  or  bridge  timber  against  moisture. 
I  find  that  less  than  one-half  the  quantity  of  oil  used  irv, 
ordinary  creosoting  can  be  distributed  by  this  process, 
through  every  portion  of  the  wood  penetrated  by  th& 
greater  quantity  injected  in  the  usual  way. 

Creosoting,  as  practiced  abroad,  unless  a  much  larger 
quantity  of  oil  is  used  on  railroad  ties  than  is  used  in 
England  (6  to, 10  pounds  to  the  cubic  foot),  is  of  little 
value,  in  my  opinion,  unless  a  chair  is  placed  under  the 
rail,  to  take  the  wear,  for  the  following  reasons  : 

Where  dense  woods  are  used — and,  in  fact,  it  is  the: 
case  also  with  many  of  those  woods  which  are  considered 
porous— the  heart-wood  will  take  the  oil  but  skin-deep; 
consequently,  the  oil  is  in  time  worn  oft'  by  the  rail,  decay- 
begins,  and  at  the  worst  possible  place,  the  spike  becomes 
loose  and  the  tie  valueless. 

This  is  probably  the  reason  why  there  were  so  few 
American  creosoted  ties  shown  at  the  Exhibition  of  Rail- 
road Appliances  in  1883,  and  the  few  that  were  there  had 
been  treated  to  at  least  2  gallons  of  oil  to  the  cubic  foot. 
If  I  am  not  correct.  I  would  ask  what  has  become  of  the 
thousands  that  have  been  treated  in  the  past  30  years  in 
this  country,  *here  we  use  no  chaiis  under  the  rails  ? 

I  have  here  one  of  a  lot  of  ties  treated  by  a  Mr.  Pelton 
some  years  since  for  the  Chicago,  Rock  Island  &  Pacific 
Company,  and  put  in  the  track  near  Englewood,  HI.  It 
was  taken  up  in  May,  1883,  to  be  shown  at  the  Chicago 
Exposition  of  that  year.  These  ties  were  treated  in  1872 
by  what  is  known  as  the  Seely  process,  and  although 
they  contained  but  little  oil  (less  than  4  lbs.  to  the  cubic 
foot),  they  were  sound,  so  far  as  examined  by  me,  where 
they  came  in  contact  with  the  ground,  but  commenced 
to  decay  (so  I  was  told)  under  the  rail  as  soon  as  the  oil 
wore  off.  and  not  before. 
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If  a  sufficient  quantity  of  oil  is  used  to  impregnate 
tlie  ties  to  a  considerable  depth  at  point  of  contact  with 
the  rail  (which  means  for  oil  50  cents,  or  6  gallons  to 
the  tie,  and  this  applies  to  soft  woods  only,  and  not  to 
oak),  a  good  result  would  be  obtained;  otherwise, a  chair 
must  be  used. 

If  you  will  show  nie  one  tie  that  has  served  a  good  pur- 
pose, 1  will  convince  you  that  it  was  treated  to,  at  least, 
6  gallons  of  oil,  or  a  chair  had  been  used.  Not  but  what 
a  much  less  quantity  would  preserve  it  from  decay,  if  it 
were  placed  in  the  ground  as  a  post,  and  undisturbed  ; 
but  should  you  remove  the  oil  at  the  ground  line — it 
matters  not  to  what  extent,  so  that  the  untreated  timber 
is  exposed,  you  will  tind  your  creosoting  of  little  value, 
and  this  is  the  experience  of  all. 

Mr.  J.  W.  Putnam,  of  New  Orleans,  in  a  letter  to  the 
Chairman  of  the  Committee  on  Preservation  of  Timber 
of  the  American  Society  of  Civil  Engineers,  says  :  "With 
reference  to  creosoting,  wherever  the  coating  is  broken, 
and  the  air,  with  its  dust,  allowed  to  come  in  contact 
with  the  untreated  wood,  decay  follows,  and  extends  in 
each  direction  from  the  opening,"  and  he  is  but  one  of 
the  many  who  make  this  or  similar  statements. 

The  Burnettized  ties  on  the  Chicago.  Rock  Island  & 
Pacific  Railway,  near  Englewood — and,  so  far  as  I  have 
examined,  those  on  other  roads  also,  where  the  work 
was  well  done — were  sound  under  the  rail,  but  decayed 
where  they  came  in  contact  with  the  ground.  Mr.  Alex- 
ander, in  his  report  of  March  23,  1882,  to  Mr.  Hugh 
Riddle,  then  President  of  the  Rock  Island  Company, 
says  ;  "  I  have  made  a  careful  examination  of  the  Bur- 
nettized  hemlock  ties  we  laid  in  the  main  track  just 
west  of  Englewood  in  November,  1866,  last  summer, 
and  found  at  least  75  per  cent,  of  them  still  in  the 
track,  and,  in  my  opinion,  in  such  a  state  of  preserva- 
tion that  they  will  be  serviceable  for  two  or  three  years 
longer.  Some  5  or  6  of  these  ties  were  taken  out  of 
track,  and  found  to  be  sound  and  solid  in  the  center, 
and  only  decayed  to  the  depth  of  ,'i  to  }{  in.  on  the 
siJrface  and  sides.  The  rail  has  not  worn  into  these 
hemlock  ties  to  any  greater  extent  than  would  have 
occurred  with  oak,  and  they  hoj,d  a  spike  fully  as  well 
as  the  oak  tie.  The  pine  and  cedar  ties  that  were  Bur- 
nettized  at  the  same  time  have  worn  out  in  the  15  years' 
service,  and  have  disappeared.  The  tamarack  have  held 
out  about  the  same  as  the  hemlock."  Continuing,  he 
says:  "My  experience  is  that  untreated  hemlock  ties 
decay  first  in  the  center  or  heart,  when  the  spike  be- 
comes loose  and  the  tie  crumbles  ;  but  these  treated  ties 
are  sound  in  the  center,  which  shows  that  where  the 
chloride  of  zinc  is  not  washed  out,  the  wood  is  in  a 
perfect  state  of  preservation." 

I  saw  these  ties  a  short  time  after  they  were  taken  up, 
and  examined  those  remaining  in  the  track  in  June, 
1883  (they  had  then  been  down  over'  17  years),  and 
found  them  to  be  sound  under  the  rail,  with  hardly  an 
exception.  I  also  had  the  sound  wood  from  several  of 
these  ties  analyzed,  and  found  them  to  contain  from  0.05 
to  0.14  per  cent,  of  chloride  of  zinc  to  weight  of  the  wood 
when  dry. 

Again,  in  the  same  report  (March  23,  1882),  Mr.  Alex- 
ander says:  "In  1872,  we  laid  in  second  track,  east  of 
Washington  Heights,  about  5,000  hemlock  ties  that 
were  subjected  to  the  creosoting  process.  These  ties  I 
do  not  believe  to  have  been  thoroughly  treated.  They 
seemed  to  be  tolerably  sound  at  the  bottom,  but  are 
badly  decayed  on  the  surface,  and  the  rail  wears  into 
them  to  a  much  greater  extent  than  it  does  into  those 
that  were  treated  with  chloride  of  zinc.  There  is  prob- 
ably not  more  than  from  30  to  50  per  cent,  of  these  creo- 
soted  ties  now  in  track,  and  these  will,  no  doubt,  all  be 
taken  out  this  summer. 

I  examined  these  ties,  or  what  there  was  left  of  them, 
in  June,  1883,  finding  few  then  in  the  track,  but  was  for- 
tunate, however,  in  finding  several  hundred  that  had  just 
been  taken  up  and  piled  along  the  track. 

If  I  am  correct,  what  can  be  expected  of  creosoted 
ties  with  but  6  to  10  lbs.  of  oil  to  the  cubic  foot,  if  used, 
as  they  are  in  this  country,  in  direct  contact  with  the 
rail,  and  what  must  we  do  to  get  best  results  in  the  pres- 


ervation of  our  ties?  Use  a  chair,  as  in  England,  or 
open,  porous  woods,  and  inject  50  to  75  cents'  worth  of 
oil  into  each  tic;  or  will  a  double  treatment,  first  with 
dead-oil  and  then  with  chloride  of  zinc,  answer  the  pur- 
pose— the  dead-oil  to  preserve  the  outer  or  exposed  parts, 
which  it  will  do.  and  the  zinc  chloride  the  central  por- 
tions, which  the  oil  does  not  penetrate  to  any  consider- 
able extent  in  our  most  desirable  woods.-  So  far  as  my 
observations  and  experiments  go,  I  am  satisfied  that  time 
will  demonstrate  that  dead-oil  and  chloride  of  zinc,  in- 
jected into  ties  and  timber  as  proposed,  will  give  the  best 
results  for  money  invested,  and  where  dense  woods  are 
used,  especially  for  ties,  the  best  result,  without  regard 
to  cost. 

You  may  say  that  the  old  way  of  creosoting  closed  the 
pores,  thereby  keeping  out  moisture.  Dead-oil  will  not 
keep  moisture  in  or  out  of  wood,  like  paint,  tar  or  pitch, 
for  any  considerable  time.  Moisture  will  not  enter  a 
creosoted  tie  above  the  surface  of  the  water  surrounding 
it,  or  without  pressure  ;  neither  will  it  enter,  except  under 
same  conditions,  where  the  liber  is  oiled.  This  being 
the  case,  your  ties,  under  most  conditions,  will  remain 
dry,  and  the  zinc  chloride  should  be  protected. 

Again,  you  seldom  see  decay  in  wood,  the  fiber  of 
which  has  once  been  covered  with  dead-oil  to  such  an 
extent  as  to  be  seen  by  the  eye.  The  zinc-creosote  pro- 
cess will,  as  I  said  before,  distribute  one-half  or  less  oil 
in  every  part  penetrated  by  the  greater  quantity  when 
injected  in  the  old  way,  and  in  such  quantities  as  can  be 
readily  seen. 

You  may  say :  Would  it  not  be  better  to  first  inject  the 
chloride,  and  then  the  dead-oil .''  If  the  treatment  were 
reversed,  you  would  have  to  remove  a  portion  of  the 
moisture  before  the  oil  could  be  injected.  Wood  being 
one  of  our  best  non-conductors  of  heat,  the  process 
would  be  tedious,  and  timber  or  ties  would  be  more  or 
less  injured  by  the  long-continued  application  of  the  heat 
required  to  evaporate  sufficient  moisture.  In  fact,  the 
only  cheap  and  practical  way  would  be  to  air,  dry  or 
stack  the  timber  until  sufficient  moisture  has  evaporated, 
and  then  apply  the  oil.  I  do  not  believe  there  would  be 
anything  gained  by  so  doing,  and  it  would  add  greatly  to 
the  cost. 

With  reference  to  the  treatment  of  piling  with  dead-oil, 
as  protection  against  the  teredo,  the  old  way  is  to  inject 
all  the  oil  the  timber  will  take  (which  depends  on  the 
piles  being  more  or  less  dry  and  the  kind  of  wood  oper- 
ated on),  from  one  to  three  gallons  to  the  cubic  foot. 
The  object  of  the  zinc-creosote  process  is  to  economize 
in  the  quantity  of  oil  used  and  nothing  more,  and  con- 
sists in  first  injecting,  say,  two-thirds  ( one-half  may  be 
found  to  answer)  of  the  quantity  used  in  the  old  way,  and 
then,  by  substituting  some  other  fluid  for  the  oil,  as  chlor- 
ide of  zinc,  air  or  water,  by  pressure,  compress  or  force 
the  two-thirds  previously  injected  solidly  to  the  center, 
which  leaves  the  two  ends— the  one  in  the  mud  or 
ground,  the  other  above  water — with  their  fibers  virtually 
painted  with  the  dead-oil,  while  the  center  of  the  pile  or 
that  portion  in  the  water  is  as  well  treated  and  contains 
as  much  oil  as  would  be  the  case  if  the  whole  quantity 
used  had  been  oil.  I  would  prefer  an  antiseptic  for  the 
second  injection,  as  it  would  help  to  preserve  that  portion 
above  water  from  decay. 

Iron  and  Steel  Production  in  1856  and  1886. 

(From  the  Bulletin  of  the  American  Iron  &  Steel  Association.) 

The  following  tables  were  contributed  by  James  M. 
Swank  to  the  special  report  on  the  Mineral  Resources  of 
the  United  States,  to  be  made  in  1887  by  David  T.  Day, 
Chief  of  the  Division  of  Mining  Statistics  and  Technology 
of  the  United  States  Geological  Survey  : 

PRODUCriON   OF   IRON    AND   STEEL   IN    1886   COMPARED 
WITH    1856. 

The  following  table,  compiled  from  the  records  of  the 
American  Iron  &  Steel  Association,  gives  for  com- 
parison the  production  of  some  of  the  leading  articles  of 
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iron  and  steel  in  1856  and  1886  in  all  the  grand  divisions 
of  the  United  States.  While  not  comprehensive  of  the 
whole  range  of  our  iron  and  steel  industries  it  is  complete 
for  the  products  mentioned.  This  table  shows  very 
clearly  the  relative  growth  of  the  dilTerent  grand  divisions 
in  the  manufacture  of  iron  and  steel  in  the  last  30  years, 
which  takes  us  back  to  four  years  before  the  civil  war  : 
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*  Including  7,000  gross  tons  sold  direct  in  bars  from  the  bloomanes  and 
about  ,4.000  gross  tons  hammered  into  bars,  axles  and  anchors  by  the 
forges,  leaving  68,182  net  tons  as  the  total  quantity  of  blooms  going  into 
-rolling  mills. 

All  the  rails  made  in  1856,  namely,  159.662  net  tons, 
were  iron  rails,  while  all  those  made  in  1S86,  namely, 
1,792.601  net  tons,  were  steel  rails,  except  only  23,679  net 
tons  of  iron  rails.  During  the  period  covered  by  these  30 
years  we  built  up  an  iron-rail  industry  which,  in  1872,  pro- 
duced 905,930  net  tons  of  iron  rails,  and  when  iron  rails 
had  served  their  day  we  built  up  a  steel-rail  industry 
which,  in  18S6,  produced  1,768,922  net  tons  of  steel  rails. 
This  change  from  iron  to  steel  rails  is  one  of  the  most  re- 
markable events  in  our  history. 

It  will  be  seen  that  the  manufacture  of  iron  and  steel 
in  the  United  States  is  a  widely  extended  industry  and 
one  which  is  eminently  national  in  its  character.  Every 
grand  division  of  the  country  is  represented  in  the  fore- 
going table — the  Middle  States  leading,  followed  in  order 
by  the  Western  States,  the  Southern  States,  New  England 
and  the  Far  Western  States  and  Territories. 

•OUR   PRODUCTION  OF   IRON  AND   STEEL   COMPARED  WITH 
THAT   OF   OTHER   COUNTRIES. 

While  the  foregoing  statistics  show  the  wonderful  prog- 
ress of  our  country  in  the  manufacture  of  iron  and  steel 
in  recent  years,  the  commanding  position  which  it  has 
attained  as  an  iron  and  steel  manufacturing  country  is 
best  shown  by  a  comparison  of  its  achievements  with  those 
of  other  countries. 

The  following  table  gives  the  world's  production  of  pig 
iron  and  steel  in  the  most  recent  years  for  which  statis- 
tics are  available.  English  tons  of  2,240  lbs.  are  used  in 
rgiving  the  statistics  of  Great  Britain,  the  United  States, 
Russia  and  other  countries,  and  metric  tons  of  2,204  lbs. 
•for  all  the  Continental  countries  of  Europe  e.xcept  Russia. 
As  the  difference  between  the  gross  ton  and  the  metric 
ton  is  so  trifling  it  is  not  necessary  to  cnange  official 
•figures  : 
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tion  of  steel,  and  second  only  to  Great  Britain  in  the  pro- 
duction of  pig  iron.  We  may  add  that  it  is  also  the  first 
country  in  the  production  of  rolled  iron.  In  1886,  Great 
Britain  rolled  1,616,701  gross  tons  of  puddled  iron,  a 
much  larger  quantity  than  any  other  European  country, 
while  in  the  same  year  the  United  .States  rolled  2,038.948 
gross  tons,  or  422,247  tons  more  than  Great  Britain.  We 
did  not,  however,  pass  our  great  rival  in  the  production 
of  steel  until  last  year,  this  circumstance  alone  justifying 
the  designation  of  1886  as  a  remarkable  year  for  the 
American  iron  trade.  In  that  year  we  made  197,832  gross 
tons  more  steel  than  Great  Britain. 

The  United  States  is  shown  by  the  table  to  be  the  pro- 
ducer of  28  per  cent,  of  the  world's  annual  output  of  pig 
iron,  and  of  34  per  cent,  of  its  anuual  output  of  steel. 
This  prominence  must  astonish  the  reader.  But  our 
prominence  in  the  production  of  iron  and  steel  gives  less 
occasion  for  astonishment  than  our  undoubted  pre-emi- 
nence as  consumers  of  iron  and  steel.  We  are  the  first 
country  in  the  world  in  the  consumption  of  pig  iron, 
manufactured  iron  and  steel.  As  has  already  been  shown, 
we  annually  import  from  foreign  countries,  and  particu- 
larly from  Great  Britain,  large  quantities  of  iron  and  steel 
in  all  forms,  which  we  consume  in  addition  to  the  products 
of  our  own  iron  and  steel  works.  Our  exports  of  iron  and 
steel  do  not  amount  to  i  per  cent,  of  our  total  production  ; 
hence,  virtually  all  the  iron  and  steel  that  we  produce  and 
import  is  consumed  within  our  own  borders. 

THE   world's   PRODUCTION   OF   PIG   IRON. 

From  the  most  reliable  information  that  is  obtainable 
we  have  compiled  the  following  table  of  the  world's  pro- 
duction of  pig  iron  at  various  periods  since  the  close  of 
the  last  century,  with  which  we  end  our  present  summary 
of  iron  and  steel  statistics. 


This  table  places  the  United  States  first  in  the  produc- 
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No  exhibit  could  more  clearly  and  effectually  show  the 
progress  which  the  civilized  world  has  made  in  the  nine- 
teenth century  in  the  use  of  iron  and  steel.  We  know 
that  the  nations  of  antiquity  made  but  little  iron  and  steel, 
and  there  is  no  reason  to  believe  that  prior  to  the  close  of 
the  last  century  the  nations  of  modern  times  made  as 
much  iron  and  steel  annually  by  all  processes  of  manu- 
facture as  they  then  made  of  pig  iron.  The  world  has, 
therefore,  as  our  table  shows,  increased  its  production  of 
iron  in  86  j'ears  of  the  present  century  more  than  twenty- 
fold.  Its  increased  production  of  steel  in  the  same  period 
has  been  relatively  much  greater. 


RAILROAD   SAFETY   APPLIANCES. 
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The  security  afforded  to  railroad  traveling  by  the  block 
and  interlocking  systems  is  so  great  that  it  throws  into 
high  relief  the  occasional  accidents  which  still  occur. 
These  are  almost  always  traced  to  the  human  element  of 
the  system,  and  are  shown  to  result  either  from  careless- 
ness or  from  mistakes.  If  the  regulations  of  the  com- 
panies were  always  carried  out  perfectly,  and  if  men  never 
gave  way  to  indolence  nor  lost  their  accuracy  of  percep- 
tion and  presence  of  mind,  these  accidents  would  be  con- 
fined to  cases  arising  from  the  failure  of  some  part  of  the 
train  or  of  the  permanent  way.  But  there  are  so  many 
"  ifs  "  in  the  chain  that  it  is  certain  to  give  way  at  times, 
the  wonder  being  that  it  serves  its  purpose  as  well  as  it 
does. 

The  mechanical  and  electrical  arrangements  in  signal- 
ing operate  so  satisfactorily  that  many  have  tried  to  ex- 
tendi them,  and  to  eliminate  the  men  altogether.     But  no 
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scheme  of  this  kind  has  ever  been  propounded  which  a 
railroad  engineer  could  be  tempted  to  try.  lor  although 
the  present  apparatus  works  well,  yet  no  one  would  dare 
to  trust  it  without  constant  supervision,  and  if  the  com- 
paratively simple  appliances  which  have  been  brought  to 
their  present  state  by  years  cannot  be  implicitly  relied  on, 
it  follows  that  the  more  complex  arrangement  needed  to 
enable  trains  to  send  their  own  indications  would  be  sure 
to  fail  sooner  or  later.  It  may  be  confidently  assumed, 
therefore,  that  the  signalman  is  in  no  danger  of  being 
superseded  by  mechanical  ap])liances  for  many  years  to 
come,  and  that  any  improvements  which  are  introduced 
for  the  purpose  of  preventing  him  from  lapsing  into  error 


rect  one,  and  on  receiving  an  order  he  could  carry  out  no 
operation  except  that  desired,  then  the  human  element 
would  be  so  environed  by  checks  and  guards  that  it  would 
be  pulled  up  sharply  if  it  diverged  from  the  correct  path, 
and  all  the  harm  it  could  do  would  be  to  delay  the  traffic 
by  excess  of  caution. 

An  invention  has  lately  been  perfected  by  Messrs.  Sax- 
by  &  Farmer,  of  Kilburn,  London,  and  is  now  on  view  at 
No.  31  Parliament  Street,  Westminster,  designed  to  give 
increased  security  to  our  railway  system  in  three  ways. 
Firstlv,  it  renders  the  working  of  the  signals  dependent 
upon  the  position  and  motion  of  the  train,  putting  them 
up  behind   it  when  it  enters  a  section  (should  the  man 
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will  be  designed  rather  to  oblige  him  to  fulfil  his  duties 
than  to  perform  them  for  him.  The  block  system  is  car- 
ried out  on  the  hypothesis  that  the  signalman  has  to  per- 
form a  certain  series  of  operations  with  military  regularity, 
not  exercising  any  option  or  judgment  in  the  matter,  and 
this  feature  needs  to  be  kept  in  view  in  seeking  to  render 
it  still  more  certain.  At  present  a  part  of  the  series  of  acts 
which  is  needed  for  the  passing  of  a  train  through  a  section, 
takes  place  in  the  mind  of  the  man  in  charge ;  he  receives 
a  notification  from  an  adjacent  cabin  requesting  informa- 
tion, or  ordering  him  to  give  a  certain  signal,  and  if  he 
replies  correctly  or  acts  upon  the  instructions,  all  is  well. 
But  if  not,  a  fearful  accident  may  ensue,  due  not  to  any 
fault  or  weakness  of  the  system,  but  to  the  agency  by 
which  it  is  carried  out.  If  the  apparatus  were  so  con- 
structed that  on  a  man  being  asked  a  question  from  the 
adjoining  cabin,  he  could  give  no  answer  except  the  cor- 


neglect  to  do  so)  and  making  it  impossible  for  them  to  be 
taken  off  until  the  train  had  gone  out  of  the  section. 
Secondly,  it  necessitates  the  conjoint  action  of  the  men  at 
each  end  of  a  section  to  take  oil  the  signal  at  the  entrance, 
this  action  having  to  be  repeated  for  every  train,  while 
either  man  can  put  the  signal  to  danger. 

The  two  principal  apparatus  by  which  these  ends  are 
attained  are  an  electrical  treadle  (figs,  i  to  6)  and  an  elec- 
tric slot  (figs.  7  to  9).  Fig.  10  shows  the  general  arrange- 
ment of  interlocking  the  block  instruments  with  the  point 
and  signal  levers  when  such  interlocking  is  adopted,  and 
fig.  1 1  is  a  diagram  of  an  ordinary  through  station  and 
shows  the  general  arrangement  of  signals,  block  instru- 
ments, etc.  Treadles  of  all  kinds  have  been  tried  before  ; 
those  acting  mechanically  soon  get  put  out  of  order  by 
the  heavy  and  constant  shocks  to  which  they  are  subject, 
while  the  electrical  ones  suffer  from  the  displacement  of 
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the  line,  which  either  brings  the  contacts  into  constant 
connection,  or  removes  them  so  far  apart  that  they  fail 
to  meet  when  required.  The  problem  of  their  construc- 
tion does  not  appear  particularly  dillicult  at  first  sight, 
but  the  long  list  of  failures  which  liave  talcen  place  is 
evidence  that  the  traffic  imposes  conditions  which  cannot 
be  easily  met.     Messrs.  Saxby  &   Farmer  have  avoided 


all  the  inconveniences  resulting  from  changes  of  level  by 
the  use  of  a  fluid  medium— mercury— as  one  of  the  electric 
conductors.  This  is  contained  in  a  rectangular  box,  and 
over  the  center  of  its  surface  the  contact  point  is  placed. 
Now,  if  the  bo.x  be  inclined  to  one  end  or  the  other,  the 
center  of  the  fluid  surface  always  keeps  at  the  same  height, 
and  stands  at  the  same  distance  from  the  terminal.     If 


the  box  be  shaken,  however,  the  fluid  surface  breaks  into 
waves,  and  the  crest  of  one  of  these  breaking  against  the 
contact  wire  (fig.  6)  completes  the  circuit  and  sends  a 
current  to  the  cabin.  In  the  longitudinal  section  of  the 
I)0X  (fig.  5)  there  is  shown  a  diaphragm  with  a  space  above 
and  below  it  for  the  circulation  of  air  and  mercury.  This 
diaphragm  is  interposed  because  without  it  there  is  always 
a  hollow  in  the  rippled  surface  of  the  mercury  in  tlie  cen- 
ter of  the  box,  and  no  matter  how  violent  the  vibrations, 
the  mercury  will  never  meet  the  wire  and  complete  the  cir- 
cuit. Now,  as  it  is  absolutely  essential  that  the  wire 
should  occupy  this  position,  the  diaphragm  is  introduced 
to  break  the  natural  arrangement  of  the  waves  and  produce 
a  crest  under  the  wire. 

The  general  arrangement  of  the  treadle  is  clearly  shown 
in  figs.  I  and  3.  A  short  piece  of  timber  is  bolted  across 
two  sleepers  parallel  to  the  rail.  On  this  timber  is  fixed 
a  cast-iron  box.  In  this  box  is  pivoted  a  lever,  connected 
at  its  short  end  with  the  rail.  If  the  rail  be  of  bull-head 
section  the  connection  is  made  as  in  fig.  i,  and  if  it  be 
flat-footed  as  in  fig.  4.  The  long  end  of  the  lever  is  con- 
nected by  a  link  with  the  mercury  box,  which  in  turn  is 
pivoted  by  a  foot-piece  to  the  outer  casting.  When  a 
train  passes  over  the  trt;adle  the  deflection  of  the  rail  de- 
presses the  lever  and  imparts  a  greatly  magnified  fore-and- 
aft  rocking  motion  to  the  mercury  box,  causing  the  fluid 
to  rush  backward  and  forward,  and  make  repeated  and 
ample  contacts  with  the  wire  above  it.  The  electric  con- 
ductors enter  through  the  lower  pivot;  one  is  connected 
through  an  insulated  bush  to  the  contact  wire,  vvhile  the 
other  is  fastened  to  the  mercury  box,  which  is  itself  in- 
sulated from  the  framing.  The  entire  arrangement  is 
most  ingenious,  while  at  the  same  time  its  simplicity 
guarantees  it  from  nearly  every  chance  of  derangement. 
A  treadle  of  this  kind  has  been  on  the  London  &  North- 
western Railway  at  Kilburn  for  18  months  without 
attention,  and  has  registered  in  Messrs.  Saxby  &  Farmer's 
works  the  passage  of  all  the  trains  which  pass  that  station. 
In  Russia,  the  line  connecting  St.  Petersburg  with  Gat- 
schina  is  provided  with  these  treadles,  which  have  worked 
perfectly  all  through  the  severe  winter. 

It  will  be  evident  that  a  treadle  such  as  this  provides 
;  an  essential  feature  in  any  system  in  which  the  passage 
of  a  train  is  to  check  or  supplement  the  action  of  the 
j  signalman.  If  a  treadle  be  placed  a  little  distance  past 
each  signal,  it  will  send  an  electric  current  which  may  be 
utilized  in  various  ways.  For  instance,  by  means  of  an 
electric  "  slot,"  the  current  may  put  the  signal  the  train 
has  just  passed  to  "  danger."  The  term  "  electric  slot" 
is  intelligible  to  those  acquainted  with  signaling  appli- 
ances, but  it  is  not  descriptive,  and  is  further  not  accurate. 
It  arose  in  this  way  :  when  it  is  desired  that  a  signal  shall 
not  be  lowered  without  the  concurrence  of  two  signalmen, 
it  is  the  custom  to  hold  the  arm  up  by  two  counter- 
i  weighted  levers,  each  working  in  a  slot  in  a  rod  connected 
to  the  arm.  If  either  arm  be  lifted  singly  it  merely  moves 
up  in  its  slot,  since  the  weight  of  the  other  is  suflScient  to 
hold  up  the  arm,  and  no  effect  is  produced.  But  if  both 
be  raised  the  signal-arm  drops.  Apparatus  of  this  kind 
has  been  made  in  many  forms,  more  or  less  complicated,  but 
they  have  all  been  known  as  "slots."  and  now  the  same 
narne  is  applied  to  electric  apparatus  which  is  designed  to 
enforce  concurrent  action  from  two  sources  before  a 
signal  can  be  set  to  "  line  clear."  It  is  possible  that  both 
actions  mav  be  electric,  or  that  one  may  be  electric  and 
one  mechanical,  or  even  that  more  than  two  agencies 
may  be  employed  in  the  working  of  a  slot ;  but,  however 
that  may  be,  either  of  the  agencies  can  set  the  signal  to 
■■  danger  "  independent  of  the  other.  Messrs.  Saxby  & 
Farmer's  slot  is  both  mechanical  and  electrical  ;  the 
former  part  is  worked  by  the  signalman  in  the  adjacent 
cabin,  while  the  latter  is  operated  either  by  the  treadle  to 
raise  the  signal  to  danger,  or  by  the  man  in  the  next  cabin 
to  allow  it  to  be  lowered.  The  slot  is  shown  in  figs.  7,  8 
and  9.  The  wire  from  the  cabin  lever  is  attached  to  the 
weighted  lever,  and  works  it  in  the  usual  way.  This  lever 
is  connected  by  a  link  to  the  rod  which  depends  from  the 
signal-arm,  but  the  link  does  not  take  hold  of  the  rod 
directly.  It  is  pivoted  to  a  cross-lever  or  beam,  which  at 
its  opposite  end  is  connected  to  the  armature  of  an  elec- 
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tro-niagnet.  Now,  if  the  armature  be  against  the  poles 
of  the  magnet,  and  the  current  be  flowing  when  the  man 
pulls  the  wire,  the  beam  will  pivot  on  its  right-hand  end, 
and  the  rod  will  be  raised  and  the  signal  lowerad  (fig.  8). 
But,  if  there  be  no  current  flowing,  the  center  of  the  beam, 
as  the  point  of  greatest  resistance,  becomes  the  pivot,  and 
instead  of  the  rod  rising  the  sole  effect  of  the  signalman's 
effort  is  to  carry  the  armature  away  from  the  magnet  and 
rock  the  beam  to  no  purpose  (fig.  9).  Thus,  it  needs  that 
the  current  be  flowing  before  the  man  can  lower  the  sig- 
nal, and  it  is  further  required  that  the  signal  lever  in  the 
cabin  shall  be  first  placed  in  the  danger  position  in  order 
to  bring  the  armature  within  reach  of  the  attraction  of 
the  magnet.  When  the  signal  is  down  it  can  be  released 
either  by  the  action  of  the  man  who  lowered  it  or  by  in- 
terrupting the  electric  current.  This  latter  office  can  be 
performed  by  the  electric  treadle  or  by  the  signalman  in 
the  next  cabin.  In  the  former  case,  when  the  train  has 
proceeded  (say)  100  yards  past  the  semaphore,  it  passes 
over  the  treadle  and  sends  a  current  from  a  local  battery 
(the  one  which  works  the  slot)  through  a  relay.  This 
breaks  the  circuit  to  the  slot,  and  causes  the  arm  imme- 
diately to  rise  to  "  danger,"  blocking  the  line  automatic- 
ally behind  the  train.  But  this  action  does  not  in  any 
way  relieve  the  signalman,  for,  if  he  prefers  to  let  the 
train  work  the  signal,  he  must  move  back  his  lever  to 
raise  the  armature  before  he  can  give  "  line  clear  "  again, 
and  thus  he  has  to  perform  all  his  accustomed  opera- 
tions. 

The  treadle  has  also  an  office  to  fulfill  as  regards  the 
instruments  in  the  cabin,  but,  in  order  to  avoid  complica- 
tion, we  will  now  describe  this  in  connection  with  the 
treadle  at  the  entrance  of  the  section.  The  train  having 
set  the  signal  behind  it,  as  we  have  already  explained, 
travels  on  until  it  enters  the  next  station,  when  it  passes 
over  another  treadle ;  this  raises  the  corresponding  signal, 
and,  at  the  same  time,  sends  a  current  into  the  cabin  to 
unlock  the  instrument  by  which  the  man  had  given  "  line 
clear "  to  the  previous  cabin.  After  he  had  signaled  "line 
clear"  he  had  moved  his  handle  to  "line  blocked,"  where 
it  became  securely  locked  so  as  to  render  it  impossible 
for  him  to  send  "  line  clear  "  until  the  train  had  passed 
over  the  treadle  and  released  the  handle.  When  this  has 
occurred,  the  man  is  free  to  act  as  circumstances  require. 
If  requested  he  can  send  another  "  line  clear  "  to  admit 
the  next  train,  or  he  can  put  over  his  handle  to  the  oppo- 
site side,  and  thus,  unlocking  his  points  and  signals,  fig. 
10  (supposing  his  cabin  to  be  fitted  with  interlocking 
gear),  he  can  permit  shunting  to  be  done.  But  once  he 
has  given  "  line  clear,"  he  can  do  nothing  further  with  his 
instrument  until  a  train  has  passed  over  his  treadle  ;  by 
this  means  all  chance  of  his  forgetting  that  there  is  a  train 
in  the  section  is  entirely  done  away  with.  The  train  in 
possession  of  the  line  commands  the  situation,  for  until 
it  passes  out  tne  man  at  the  entrance  cannot  obtain  per- 
mission to  admit  another,  and  neither  can  he  do  so  on 
his  own  responsibility,  for  the  same  current  that  gives  him 
"  line  clear  "  also  operates  the  electric  slot,  and  without  it 
the  signal  cannot  be  lowered. 

It  will  be  seen  that  the  three  parts  of  the  apparatus 
which  we  have  been  describing  are  more  or  less  indepen- 
dent of  each  other,  that  is,  one  part  can  be  applied  with- 
out the  others.  For  instance,  the  treadle  can  be  set  to 
lock  the  present  instruments  if  a  slight  modification  be 
made  in  the  latter.  f)r  the  electric  slot  can  be  operated 
by  the  present  instruments.  Or  the  slot  and  the  treadle 
can  be  used  together.  Consequently,  on  existing  lines  the 
present  apparatus  may  be  preserved  and  only  so  much  of 
the  new  introduced  as  the  circumstances  require.  Perfect 
safety  is  attained  by  using  the  whole,  for  then  the  signal- 
man is  attended,  as  it  were,  by  an  invisible  companion 
who  makes  no  sign  as  long  as  matters  go  right,  but  on 
the  smallest  infraction  of  the  established  routine  steps  in 
to  prevent  the  error  and  obliges  the  man  to  correct  it.  If 
the  treadle  be  dispensed  with  there  still  remains  the 
safe-guard  that  the  signal  at  the  entrance  of  a  section 
cannot  be  lowered  until  permission  is  obtained,  and 
that  this  permission  is  revoked  and  the  signal  automatic- 
ally raised  before  any  switching  can  be  done  in  the 
section. 


Proportions  of  Locomotive  Cylinders. 

The  following  report  was  presented  to  the  Master  Me- 
chanics' Association  at  the  St.  Paul  convention  by  the 
Committee  on  Proportions  of  Locomotive  Cylinders,  com- 
posed of  Messrs.  Charles  Blackwell,  F.  L.  Wanklyn  and 
T.  E.  Barnett : 

Circulars  embodving  questions  bearing  on  the  subject 
were  printed  and  distributed  by  your  Secretary,  and  in 
addition  a  few  copies  were  forwarded  to  locomotive  super- 
intendents in  Great  Britain. 

Judging  by  the  very  small  number  of  answers  received, 
it  would  appear  that  the  matter  is  generally  considered  a 
subject  well  understood  and  not  open  to  further  discussion. 
Much  difference  of  opinion  must  exist,  however,  or  we 
should  not  find  in  examples  of  modern  locomotive  con- 
struction such  variations  in  the  ratio  between  tractive 
power  per  pound  of  mean  effective  cylinder  pressure,  and 
weight  available  for  adhesion. 

Communications  in  reply  to  the  circular  have  been  re- 
ceived from  the  following  gentlemen:  Mr.  J.  D.  Barnett 
(Grand  Trunk),  Mr.  J.  McGrayel  (Des  Moines  ^S;  Fort 
Dodge),  Mr.  James  Meehan  (Cincinnati.  New  Orleans  & 
Texas  Pacific),  Mr.  Angus  Sinclair  (Xa/iotiu/  Car  &^ 
Locomotive  Builder),  Mr.  Thomas  B.  Twombly  (Chicago, 
Rock  Island  &  Pacific),  Mr.  S.  G.  G.  Copestake  (Glasgow 
Locomotive  Works,  Scotland),  and  from  Mr.  F.  W.  Webb 
(London  &  Northwestern  Railway,  England). 

Mr.  Barnett  gives  the  following  rule  for  finding  the  dia- 
meter of  cylinder  when  stroke  of  piston,  mean  diameter 
of  driving  wheels  and  weight  on  same,  also  boiler  steam 
pressure,  are  known,  viz. :  "The  square  root  of  the  adhesive 
power,  multiplied  by  the  mean  diameter  of  drivers,  divided 
by  the  mean  effective  cylinder  pressure,  multiplied  by  the 
length  of  stroke,  weights  being  expressed  in  pounds  and 
measurements  in  inches." 

This  rule  requires  the  assumption  of  a  co-etTicient  for 
adhesion,  also  of  the  mean  effective  cylinder  pressure. 
Mr.  Barnett,  in  the  example  quoted  by  him,  uses  one-fifth 
as  the  co-efiicient,  and  states  that,  as  the  work  to  be  provi- 
ded for  is  the  maximum,  the  mean  cylinder  pressure  should 
be  fully  nine-tenths  of  the  initial  pressure,  which  should 
be  not  less  then  7  per  cent,  below  the  full  boiler 
pressure. 

Mr.  McGrayel  states  that  he  adopts  practically  the  same 
rule,  but  his  experience  teaches  him  that,  when  using  a 
fraction  over  50  per  cent,  of  boiler  pressure  as  the  mean 
cylinder  pressure,  it  is  necessary,  in  order  to  obtain  good 
results,  to  use  one-sixth  as  the  co-efficient  for  adhesion  in 
the  case  of  passenger  engines,  and  one-seventh  for  freight 
and  switch  engines. 

Mr.  James  Meehan  reports  using  the  same  rule,  but 
assumes  90  pounds  as  the  mean  cylinder  pressure,   in 


Mr.  Angus  Sinclair  gives  no  rule,  but  states  that  the 
proportion  of  cylinder  and  the  elements  of  adhesion  are- 
subject  to  a  proper  ratio,  and  that  any  material  deviation 
from  the  same  should  be  considered  a  mechanical  blunder. 

Mr.  Thomas  B.  Twombly  uses  the  rule  in  Forney's  Cate- 
chism of  the  Locomotive.  "  Multiply  the  total  weight  on  the 
driving  wheels,  in  tons  of  2,000  lbs.,  by  5,  and  then  by  the 
circumference  of  drivers,  in  inches,  and  divide  by  4,  the 
quotient  being  the  cubical  contents  of  each  cylinder." 

This  rule  requires  some  modification  to  suit  the  higher 
boiler  pressures  now  used. 

Mr.  Copestake  uses  the  same  rule,  and  assumes  one-fifth 
as  the  co-efficient  for  adhesion,  but  uses  63  per  cent,  of 
boiler  pressure  as  the  mean  cylinder  pressure.  He 
makes  no  allowance  for  wear  of  tires  and  takes  the  dia- 
meter of  wheels  over  the  tires  when  new. 

Mr.  F.  W.  Webb  has  no  fixed  rule,  but  in  ordinar)-  prac- 
tice adopts  a  24-in.  stroke  of  piston,  and  arranges  the  diam- 
eter of  cylinders  so  that  the  tractive  power  at  starting, 
with  full  boiler  pressure,  does  not  exceed  the  adhesive 
power  under  the  most  favorable  circumstances. 

Mr.  Barnett  considers  that  no  deviation  should  be  made 
from  the  rule,  whether  the  engine  in  question  be  forpassen- 
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ger,  freight  or  switching  service.  Mr.  McGrayel  recom- 
mends the  co-efficient  for  adhesion  to  be  one-sixth  for 
passenger  and  one-seventli  for  freight  and  switching  en- 
gines. Mr.  Copestake  says  that  the  rule  sliould  apply  to 
both  passenger  and  freight  engines,  but  in  tlie  case  of 
switching  engines,  the  stroke  may  be  longer  in  proportion 
to  the  diameter  of  the  cylinder.  Mr.  Webb  states  that  he 
adopts  the  same  rule  for  both  passenger  and  freight  engines. 

In  reply  to  question  No.  5  of  circular,  Mr.  Barnett  states  ; 
"When  tractive  force  is  in  excess  of  adhesive  weight,  the 
results,  although  not  necessarily  bad,  usually  are  so,  if  the 
engine  is  in  the  hands  of  but  an  ordinary  engineer;  as  tlic 
engine  slipping  her  wheels  so  easily,  is  often  allowed  to  do 
so,  causing  not  only  excessive  wear  of  tires  and  machinery, 
but  also  wasting  the  steam  and  throwing  away  the  fuel. 
Nevertheless,  within  the  narrow  limits  permissible  in 
locomotive  design,  the  larger  the  c\  Under  the  more 
economically  the  engine  can  he  worked  in  the  matter  of 
fuel  consumptirn.  This  was  the  opinion  and  practice  of 
M.  Marie,  of  the  Paris  &  Lyons  Railway— and  the  experi- 
ments then  carried  out  (and  recorded  in  the  /'roctvi//>i^s 
of  the  Institute  of  Mechanical  Knginecrs,  May,  1884)  with 
an  eight-wheels  coupled  passenger  engine,  on  mountain 
service,  having  cylinders  19'4X26  in.,  wheels  495s'  in. 
diameter,  with  about  5S.000  lbs.  on  drivers,  show  a  con- 
sumption of  2.88  lbs.  of  fuel  per  indicated  H.  P.  or  3,27 
lbs.  per  actual  H.  P.  and  but  30  lbs.  of  wet  steam  per  H. 
P.  developed.  This  was  achieved  with  steam  at  128  lbs. 
pressure,  cutting  off  at  19  per  cent,  of  stroke— weight  of 
train  i63>-2  tons,  speed  17^4  miles  per  hour,  on  a  continu- 
ous grade  of  I  in  53J2.  It  is  questionable  whether  such 
expensive  construction  is  justified  where  fuel  is  cheap." 
He  further  states  :"In  other  words,  an  engine  having  a  boil- 
er pressure  of  150  lbs.,  driving  wheels  of  66  in.  mean  diam- 
eter, and  a  weight  on  them  of  66,200  lbs.,  should  not  have 
cylinders  larger  than  17  x  24  in.,  unless  economy  of  fuel  and 
water  is  of  great  importance." 

Mr.  McGrayel  states  that  when  the  weight  on  drivers  is 
less  than  in  the  proportion  recommended  by  him,  he  finds 
that  engines  do  not  give  satisfactory  results,  on  account  of 
slipping,  which  necessitates  use  of  sand,  and  consequent 
wear  of  tires  ;  and  when  wheels  are  slipping  and  are  caught 
on  sand,  crank  pins  and  side-rods  are  very  liable  to  be  bent 
or  broken. 

Mr.  Meehan  states  that  the  weight  on  the  driving  wheels 
is  a  point  of  great  influence  on  the  efficiency  of  the  engine, 
and  that  the  rule  quoted  by  him  gives  splendid  results,  as 
shown  by  the  decreased  tire  wear.  On  entering  the  ser- 
vice of  the  Cincinnati,  New  Orleans  &  Texas  Pacific,  he 
found  the  Northern  Division,  which  is  very  hilly,  with 
grades  of  60  ft.  per  mile,  6-degree  curves,  and  27  tunnels, 
stocked  with  engines  which  were  of  the  average  character 
as  to  weight  on  drivers.  These  engines  were  superseded 
by  others  of  practically  the  same  cylinder  capacity,  but 
with  greatly  increased  weight  per  driving  axle,  and  as  a 
result,  the  Roadmaster  reports  greatly  decreased  surface 
wear  of  rail,  and  he  himself  finds  the  wear  of  tires  much 
reduced.  He  believes  this  has  been  attained  by  reduction 
of  flipping,  on  account  of  increased  weight  on  drivers. 

Mr.  Twombly  states  that  engines  in  which  the  ratio  of 
weight  on  drivers  to  tractive  power  is  above  the  average, 
give  better  results,  the  wear  and  tear  of  machinery  being 
less,  and  life  of  tires  prolonged. 

Mr.  Copestake  says  he  generally  takes  the  ratio  of 
cylinder  and  adhesive  power  about  equal,  but  if  anything, 
would  give  an  excess,  not  exceeding  10  per  cent.,  to  the 
adhesive  power. 

To  illustrate  the  difference  in  cylinder  dimensions,  when 
calculated  by  the  various  rules  recommended  by  the  gentle- 
men who  have  expressed  their  views  on  the  subject,  the 
following  figures  are  of  interest : 
(  Passenger  engine. 
I  Stroke  of  piston,  26  in. 
Data-!  Mean  diameter  of  driving  wheels,  61  in. 
I  Weight  on  drivers,  60.000  lbs. 
I  Boiler  pressure,  160  lbs. 
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14.5  in.  diameter  of  cylinder. 


In  the  consideration  of  this  subject,  one  has  to  deal 
with  two  indefinite  quantities,  namely,  the  mean  effective 
steam  pressure  in  the  cylinders  and  the  co-efficient  of 
adhesion,  and  both  of  these  have  to  be  assumed  before 
any  calculation  can  be  proceeded  with. 

The  first,  or  mean  effective  cylinder  pressure,  is  of 
course,  primarily  governed  by  the  boiler  pressure,  and  is 
secondarily  subject  to  alteration  by  point  of  cut-off  and 
speed — it  is  assumed  that  the  engine  is  worked  with  the 
throttle  wide  open,  and  that  the  steam  passages  are  of 
proper  dimensions,  otherwise  the  pressure  will  be  influ- 
enced by  these  causes. 

Few  railroads  are  free  from  grades  which  necessitate  en- 
gines being  worked,  to  a  greater  or  less  extent,  nearly  up 
to  their  ultimate  capacity,  and  in  the  event  of  starting  on 
such  grades,  as  well  as  from  stations  generally,  of  being 
worked  full  power;  hence  it  appears  proper  that  the  mean 
eftective  cylinder  pressure  should  be  placed  sufficiently- 
high  to  cover  such  cases,  and  your  Committee  are  of 
opinion  that  85  per  cent,  of  the  boiler  pressure  be  con- 
sidered the  mean  effective  cylinder  pressure  in  the  formula. 

The  second  indefinite  quantity,  or  the  co-efficient  of 
adhesion,  varies  as  the  condition  of  the  surface  of  the  rail 

changes,  and,  according  to  Molesworth,  from —  to 

37  1 1-2, 
the  former  being  due  to  a  perfectly  clean  and  dry  rail ;  the 
latter  to  a  slightly  moistened  or  trosted  rail.  In  different 
parts  of  the  world  it  is  doubtless  possible  to  find  places 
where  the  average  co- efficient  for  the  year  will  vary  to 
such  an  extent  as  to  warrant  special  allowance  being  made 
to  suit  the  circumstances ;  but  in  the  United  States  it  may 
be  safely  stated  that  exceptional  climatic  peculiarities, 
sufficient  to  justify  any  material  deviation  from  a  standard 
rule,  do  not  exist. 

As  passenger  engines  are  worked  so  as  to  produce  a 
mean  effective  cylinder  pressure  of  85  per  cent,  of  the 
boiler  pressure  for  a  very  limited  fraction  of  their  total 
mileage,  it  would  appear  not  improper  to  use  the  co-effi- 
cient one-fourth,  or  that  due  to  a  dry  rail,  for  calculating 
the  proportions  of  passenger  engines. 

Freight  engines  being  worked  to  their  ultimate  capacity 
to  a  very  much  greater  extent  than  passenger  engines,  it 

would  be  consistent  to  increase  the  co-efficient  to  say 

and  in  the  case  of  switching  engines,  generally  worked  full 

stroke,  a  co-efffcient  of  '  would   be  required  to  obviate 

4-5 
the  excessive  use  of  sand,  to  prevent  slipping  on  the  more 
or  less  greasy  rail  generally  encountered  in  yards  where 
this  class  of  engine  is  employed. 

An  inspection  of  the  tabular  statement  herewith,  shows 
that  among  engines  of  recent  construction  very  great 
variations  in  their  relative  tractive  power  and  adhesive 
weight  exist. 
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In  the  case  of  American  passenger  engines,  and  using 
the  formula  recommended  by  your  Committee,  it  is  found 
that  the  New  Yorl<,  Lake  Eric  &  Western  Mogul  engine, 
built  by  the  Baldwin  Company,  has  an  excess  of  adhesive 
weight  of  26,600  lbs.,  or  3S.7  per  cent. 

The  eight-wheeled  engine  built  by  the  Mason  Works 
shows  an  excess  of  over  1 2,400  lbs.,  or  22.3  per  cent ;  while 
the  Lake  Shore  and  the  Old  Colony  eight-wheeled  engines 
are  deficient  in  the  same  respect  to  the  extent  of  6,500  lbs., 
or  9.2  and  9.5  per  cent,  respectively. 

Among  foreign  passenger  engines,  the  Belgian  State 
locomotive  has  an  excess  of  adhesive  weight  of  over  20,000 
lbs.,  or  about  46.5  per  cent.;  the  New  South  Wales  Mogul 
an  excess  of  nearly  16,000  lbs.,  or  25.2  per  cent.;  while  the 
Great  Northern  express  engines,  with  (ji^i-in.  driving 
wheels,  are  delicient  to  the  extent  of  12,600  lbs.,  or  over 
24.8  per  cent. 

Among  freight  engines  of  American  build,  the  variations 
are  not  so  great.  The  Union  Pacific  Wootten  consolida- 
tion engine  has  an  excess  of  18,900  lbs.,  or  21.8  per  cent., 
the  Baltimore  &  Ohio  Mogul  an  excess  of  12,500  lbs.,  or 
16.7  per  cent.;  while  the  Baldwin  "  Decapod  "  shows  a 
deficiency  of  18,300  lbs.,  or  12.5  percent. 

Of  foreign  freight  locomotives,  the  six-wheels  coupled 
engine  of  the  Great  Eastern  Railway  has  an  excess  of  16,- 


200  lbs.,  or  24.6  per  cent.,  while  the  Diibs  consolidated  en- 
gine, built  for  Brazil,  has  a  deficiency  of  14,900  lbs.,  or 
nearly  14.3  percent. 

Of  switching  engines,  the  Brooks  six-wheeled  switcher 
has  a  deficiency  of  1 3,900  lbs.,  or  1 7.4  per  cent. 

Your  Committee  recommend  for  general  purposes,  the 
use  of  the  following  formula  : 


H' 


,P  X  S  X  Px  0.85  X 
£> 

D  =  Diameter  over  tires  when  half  worn. 
(/  =  Diameter  of  cylinder. 
.V  =  Stroke  of  piston. 
/'  =  Boiler  pressure. 
W ^  Weight  on  driving  wheels. 


for  passenger  engines. 

C-=  Co-ellicient  for  adhesion  •;       -    for  freight  engines. 
4.25 

for  switching  engines. 

Should  extreme  economy  in  fuel  and  water  consump- 
tion be  considered  imperative,  and  of  greater  importance 


•  VLINDER   CAPACITY   AND   ADHESIVE   WEIGHT   OF  VARIOUS   MODERN    LOCOMOTl 
Accompanying  Report  on  "  Proportions  of  Locomotive  Cylinders." 
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than  additional  cost  of  superheaters  and  steam-jacketed 
cylinders  and  maintenance  of  same,  aconsiderable  increase 
of  cylinder  power  would  be  admissible,  so  as  to  aJow  the 
average  work  to  be  pertormed  with  a  correspondingly 
earlier  cut-off  and  greater  ratio  of  expansion. 

The  unsatisfactory  results,  however,  obtamed  with  the 
ordinary  link  motion  from  the  wire-drawing  of  steam,  when 
CM  otY  much  earlier  than  at  2;  percent,  of  the  stroke,  point 
to  the  desirability  of  using  some  other  type  of  valve  mo- 
tion, when  the  extreme  practice  above  referred  to  is  con- 
templated. 

THE  NEW  WARSHIPS. 

At  the  Navy  Department  in  Washington,  on  August  8 
bids  were  opened  for  the  building  of  three  cruisers — No. 
I,  the  Xtiuark,  and  Nos.  4  and  5 — and  two  gunboats — Nos. 
3  and  4.  The  designs  for  these  vessels  were  described, 
and  those  for  the  cruisers  illustrated,  in  the  Journal  for 
July,  pages  311-315. 

Under  the  terms  of  the  notice  given  by  the  Department 
the  proposals  were  to  be  in  three  classes,  as  follows  ;  Class 
I,  for  the  construction  of  the  hull  and  machinery,  includ- 
ing engines,  boilers  and  appurtenances,  complete  in  all 
respects,  in  accordance  with  the  plans  and  specifications 
provided  by  the  Secretary  of  the  Navy.  Class  2,  for 
the  construction  of  the  hull  and  machinery,  including 
engines,  boilers  and  appurtenances,  complete  in  all  re- 
spects, in  accordance  with  the  plans  and  specifica- 
tions provided  by  the  contractor.  But  no  such  proposal 
was  to  be  considered  unless  accompanied  by  full  and 
complete  plans  and  specifications  of  such  hull  and  ma- 
chinery, and  a  satisfactory  guarantee  of  the  results  of  the 
same  if  adopted.  Class  3,  for  the  construction  of  the  hull 
according  to  the  plans  and  specifications  provided  by  the 
Secretan,-  of  the  Navy,  the  contractor  to  put  in  engines, 
boilers  and  appurtenances  of  any  design  which  he  may 
consider  more  suitable  than  those  called  for  by  said  plans 
and  specifications,  not  to  exceed,  however,  in  weight,  nor 
in  the  space  to  be  occupied,  that  allotted  in  said  plans  and 
specifications.  But  no  such  proposal  was  to  be  considered 
unless  accompanied  by  full  and  complete  plans  and  speci- 
fications of  such  proposed  engines,  boilers  and  appur- 
tenances, and  a  satisfactory  guarantee  of  the  results  of  the 
same  if  adopted. 

The  bids  received  by  the  Department  were  as  follows  : 

Cruiser  No.  I.— .AVK'rtr/t.- 
Cr.imp  .v  Sons,  Philadelphia,  Cl.iss  ; $1,248,000 

•Cruisers  Nos.  4  and  5  ; 

Each. 

Cramp  k  Sons.  Class  i $1,410,000 

Cramp  lV  Sons,  Class  2,  wilh  ^-iii.  proteclive  deck 1,325,000 

Cramp  A  Sons,  Class  2.  with  4-in.  protective  deck 1.350,000 

Cramp  tV  Sons,  Class  ^  1,405,000 

Union  Iron  Works,  San  Francisco     1,428.000 

Gunboats  Nos.  3  and  4 : 

Cramp  A  Sons,  Philadelphia,  Class  i 405,000 

N.  K.  Palmer,  Jr.  \  Co.,  New  \ork,  Class  i   490,000 

The  three  cruisers  must  be  completed  within  24  months 
and  the  two  gunboats  within  iS  months  from  the  time  of 
signing  the  contract. 

N.  F.  Palmer,  Jr.  &  Co.  represented  the  yard  of  John 
Roach  &  Sons,  at  Chester,  Pa.,  and,  for  the  machinery,  the 
Ouintard  Iron  Works,  New  York. 

~  The  awards  made  by  the  Navy  Department  under  these 
bids  were  announced  August  15,  and  were  as  follows: 

Cruiser  No.  i—.Xfuuu-k—lo  Cramp  &  Sons  for  their  bid, 
$1,248,000. 

Cruiser  No.  4  to  Cramp  &  Sons  under  their  bid  of  Class 
2  (they  to  furnish  plans)  for  $1,350,000. 

Cruiser  No.  5  to  the  Union  Iron  Works.  San  Francisco, 
for  SI, 428,000. 

Gunboats  Nos.  3  and  4  to  X.  F.  Palmer,  Jr.  &  Co.,  for 
$490,000  each. 

In  submitting  the  bids  to  the  President,  the  Secretary 
of  the  Navy  writes  :  "  I  have  compared  with  the  aid  of  the 
Chiefs  of  the  Bureaus  of  Construction  and  Steam  Engi- 
neering, the  various  plans,  and  in  accordance  with  their 
advice  I   respectfully  recommend  that  one  ship  be  built 


upon  the  Department's  plans,  and  that  for  the  other  one 
the  bid  of  William  Cramp  &  Sons,  for  $1,350,000  be  ac- 
cepted. With  this  later  bid  original  designs  are  sub- 
mitted. These  plans  dilTer  somewhat  from  those  of  the 
Department.  The  proposed  ship  is  larger  in  tonnage, 
with  thicker  protective  deck,  lighter  in  construction  in 
parts  and  stronger  in  others.  X  cheaper  mode  of  con- 
struction is  adopted  in  some  respects,  but  none  but  ap- 
proved practices  are  employed.  The  hull  designed  by 
the  Bureau  is  more  expensive  to  build,  but  which  is  the 
better  on  the  whole  no  one  can,  at  the  present  time,  safely 
predict  I  think  there  is  every  advantage  in  building  both, 
and  I  so  recommend." 

We  may  here  briefly  repeat  that  the  Xewark  is  to  be  a 
cruiser  with  a  maximum  speed  of  18  knots.  Her  main 
battery  is  to  consist  of  twelve  6-in.  breech-loading  rifles, 
all  on  center-pivot  mounts.  She  is  to  have  twin  screws, 
to  be  310  ft.  long  on  the  water  line,  49  ft.  \}i  in.  extreme 
breadth,  18  ft.  9  in.  mean  draft.  She  is  to  have  machinery 
of  6,000  I.  H.  P.  with  natural  draft  and  8,500  with  forced 
draft.  She  is  to  have  a  bark  rig  spreading  1,200  ft.  of  plain 
sail.  This  vessel  is  to  have  a  double  bottom  extending 
through  129  ft.  of  the  length. 

The  description  of  the  twin  cruisers  is  in  most  respects 
similar  in  every  detail  with  that  of  the  Newark.  The  ex- 
ceptions are  that  they  are  to  have  machinery  of  7,500  I. 
H.  P.  under  forced  draft.  The  speed  is  to  be  19  knots, 
and  the  rig  that  of  a  three-masted  schooner  spreading 
5,400  square  feet  of  sail.  Their  armament  is  also  to 
consist  of  main  batteries  of  twelve  6-in.  breech-loading 
rifles. 

Gunboats  Nos.  3  and  4  are  to  be  1,700  tons  each.  They 
are  twin-screw  vessels,  having  a  length  on  the  load  line  of 
230  ft.,  an  extreme  beam  of  36  ft.  and  a  displacement  at 
14  ft.  of  1,700  tons.  The  machinery  is  estimated  to  indi- 
cate 2,200  H.  P.  with  natural  and  3,300  with  forced  di-aft. 
There  are  to  be  two  independent  compound  engines 
placed  in  separate  compartments.  The  cylinders  will  be 
29  in.  and  52  in.  diameter  and  30-in.  stroke.  The  speed  is 
stated  at  16  knots. 

Should  the  vessels  on  trial  fall  below  the  required  speed, 
the  contractors  are  to  forfeit  §50,000  for  each  quarter  knot 
deficient;  on  the  other  hand,  they  will  receive  $50,000 
over  the  contract  price  for  each  quarter  knot  gained  over 
the  required  speed. 

FIRST-CLASS   TORPEDO-BOAT. 

The  Navy  Department  has  issued  a  call  for  bids  for  a 
first-class  torpedo-boat,  complete  with  the  e.xception  of 
torpedoes  and  their  appendages.  The  boat  must  be  of 
modern  design,  must  be  built  of  steel  and  provided  with 
twin  screws  and  with  engines  which  shall  give  the  highest 
I  attainable  speed,  22  knots  being  fixed  as  a  standard.  The 
cost  of  the  boat  is  not  to  exceed  $90,000,  but  the  builder 
will  receive  a  premium  if  the  speed  is  found  to  exceed  22 
knots.  Bidders  must  submit  full  drawings  and  specifica- 
tions, with  complete  description,  showing  the  kind,  power 
and  economy  of  the  engines  and  boilers  to  be  used  ;  also 
all  the  arrangements  and  fittings  of  the  vessel.  Bids  must 
be  all  in  by  noon  of  Tuesday,  November  1  next. 

THE   ARMORED    BATTLE-SHIP. 

The  Secretary  of  the  Navy  has  appointed  a  board  of 
officers,  consisting  of  Chief  Constructor  T.  D.  Tilson  as 
senior  member  and  President,  Engineer-in-Chief  George 
J.  Melville,  Captain  George  Brown,  Assistant  Naval  Con- 
structor Francis  T.  Bowles  and  Assistant  Naval  Construc- 
tor Lewis  Nixon,  to  convene  at  such  time  and  place  as 
may  be  designated  by  the  presiding  officer  of  the  board 
for  the  purpose  of  examining  and  carefully  considering 
the  plans  for  the  armored  battle-ship  furnished  by  the 
Barrow  Shipbuilding  Company,  and  reporting  to  the  De- 
partment the  probable  cost,  exclusive  of  armament,  of 
constructing  such  vessel  in  accordance  with  said  plans, 
the  armor  to  be  furnished  bv  the  Bethlehem  Iron  Com- 
pany, of  Bethlehem,  Pa.,  under  the  contract  of  June  i, 
1887. 

In  accordance  with  the  terms  offered  by  the  Depart- 
ment, the  Barrow  Shipbuilding  Company  will  receive 
\    $15,000  for  the  design  for  this  ship.     The  further  sum  of 
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$6,900  has  been  agreed  upon  as  the  price  to  be  paid  for  j 
full  working  drawings  and  plans  for  the  construction  of  1 
the  vessel. 

LIST   OF  SHIPS  AUTHORIZED. 

We  repeat  here  a  table  showing  the  present  condition 
of  matters  in  relation  to  the  vessels  which  are  to  form  the 
new  Navy,  and  the  construction  of  whicli  has  so  far  been 
authorized  by  Congress : 

Monitors:        ^o-     ^aX.  Cu„di.io„s. 

Amphitrite "3.800  4  lo-in.  '1  o  be  completed.  ' 

Monadnock 3,800  4  10. in.  "  *'  j 

Terror 3,800  4  lo-in,  "  '*  \ 

MiantoHomah 3,800  4  lo-io.  "  " 

Puritan 6,000  410111.  "  "  | 

Battle-ship  : 

^sSr.''..''^"'""       *'*°     laTi":!-     Designs  adop.ed. 

Cruisers: 

Atlanta 3,oco  -v  ^  fi'in' I  I"  commission. 

Boston 3,000  ^*  fi'in   r  Nearly  ready, 

Ckicai^o 4,500  -1  6-in' r  ^'^early  ready. 

Charleston 3,730  ■{  g  'gljo' j-  Building,  Union  Iron  Works. 

Baltimore 4,400  |^  6-in  [  Building,  Cramp  &  Sons. 

Neniiark 4,000  12    6-in.  Contract  let.  Cramp  &  So  is. 

No.  4 4,000  12    6-in.  Contract  lei,  Cramp  &  Sons. 

N0.5 4,000  i2-6-in.  Contract  let.  Union  Iron  Works 

Armored  cruiser.  6,000  -j  ^  'glj^"  -  Designs  under  consideration. 

Gunboats: 

Dolphin 1,300  I  6.in.  Complete. 

No.  1 1,700  6  6-in.  Building,  Union  Iron  Works. 

No.  2 900  4  6-in.  Building,  Columbian  I.  Wks.  lialt. 

No.  3 1,700  6  6-in.  Contract  let.  Palmer  &  Co. 

N0.4 1,700  6  6-in.  Contract  let.  Palmer  &  Co. 

Torpedo-boats,  etc.: 

stiletto Purchased. 

First-class,  No.  I         Bids  called  for. 

Pneumatic  dyna- 
mite gunboat 3  P.  D.  Building,  Cramp  &  Sons. 

The  total  number  of  vessels  whose  building  is  author- 
ized is  thus  5  monitors,  i  battle-ship,  9  cruisers  (one 
heavily  armored).  5  gunboats,  i  pneumatic  dynamite  gun- 
boat and  2  torpedo-boats ;  a  total  of  23  vessels,  large  and 
small. 

THE   "ATLANTA'S"   GUN-CARRIAGES. 

The  report  of  the  board  (Captain  F.  M.  Ramsay,  Com- 
mander C.  F.  Goodrich,  Naval  Constructor  Philip  Hich- 
born.  Lieutenant  A.  R.  Conden  and  Assistant  Naval  Con- 
structor Lewis  Nixon)  to  the  Secretary  of  the  Navy  on 
the  guns  and  gun-carriages  of  the  Atlaula  is  dated  July 
29,  and  is  as  follows  : 

In  obedience  to  the  Department's  order  of  July  22,  the 
Board  convened  on  board  the  Atlanta,  Newport,  R.  I., 
July  25, and  made  a  careful  examination  of  the  ship,  guns, 
carriages  and  fittings  and  of  the  damage  sustained  during 
the  recent  target  practice,  as  reported  by  board  of  officers 
ordered  by  the  commanding  otlicer  of  the  Atlanta.  The 
board  proceeded  to  sea  on  the  morning  of  July  25.  but 
were  prevented  from  firing  the  guns  by  a  heavy  fog  which 
prevailed  throughout  the  day.  The  ship  was  again  taken 
to  sea  on  the  morning  of  July  27  and  the  guns  were  fired. 
No  deficiencies  were  noted  in  the  guns  themselves,  other 
than  a  slight  sticking  of  the  breech  plug  in  6-in.  B.  L.  R. 
No.  5  (this  disappeared  during  the  firing),  some  difficulty 
in  the  management  of  the  lock  6-in.  B.  L.  R.  No.  4, 
caused  by  slight  upsetting  of  the  firing- pin,  and  the  bend- 
ing of  the  extractor  in  6-pounder  R.  F.  No.  5. 

The  recoil  and  counter-recoil  of  the  8  and  6-in.  guns  were 
easy  and  satisfactory,  except  at  the  second  fire  of  the  8-in. 
B.  L.  R.  Xo.  I.  when  the  gun  remained  in,  (This  was 
readily  run  out  with  a  tackle.)  The  action  of  the  carriage 
of  8-in.  B.  L.  R.  No.  :,  at  the  first  fire,  was  due  to  want  of 
strength  in  the  clips  and  clip  circles,  and  at  the  second 


fire  to  want  of  sufficient  bearing  and  securing  of  the  deck 
socket.     It  is  believed  that  had  the  deck  socket  held  the 
carriage  would  not  have  been  disabled  by  the  giving  way 
of  the  clips.     The  training  gear,  steam  and  hand,  was  un- 
injured;  the  gun  was  readily  trained  when  run   out  to 
place.     The  action  of  the  after  6  in.  shifting  gun  No.  4 
was  satisfactory,  notwithstanding  that  the  front  clips  had 
a  play  of  half  an  inch.     The  action  of  the  broadside  car- 
riages of  6-in.  guns  Nos.  5  and  iS  was  satisfactory,  except 
the  breaking  of  clips,  the  starting  of  the  copper  rivets  in 
the  clip  circles,  and  the  wood  screws  in  the  training  circles. 
It  is  believed  from  the  action  of  the  carriage  of  6-in.  B. 
\    L.  R.  No.  5,  when  the  clips  were  removed,  that  the  car- 
1    riages  can  be  safely  used  without  clips.     The  clips,  how- 
ever, give  additional  security  and  steadiness  to  the  car- 
l    riage,  and  assist  the  pivot  and  socket  in  bearing  the  shock 
1    of  the  discharge.     The  firing  of  the  6-pounder  R.  F.  guns 
j    developed   a  weakness  in  one  leg  of  the  cage-mount  of 
No.  4,  due  to  imperfect  workmanship,  and  also  the  neces- 
sity of  locking  nuts  on  the  bolts  that  secure  the  mounts 
to  the  ports.     The  tower  mounts  of  the  3-pounder  R.  F. 
guns  are  unsatisfactory.      They  cannot   be  moved  with 
facility  ;    the  line  of    sight  of  the  gun    is  obstructed  at 
ranges  beyond  1,600  yards,  and  the  guns  cannot  be  safely 
used  as  now  fitted.     For  this  reason  3-pounder  R.  F.  No. 
3  was  not  fired.     The  tripod  mounts  of  the  i-pounder  R. 
I    F.  guns  need  stronger  holding-down  arrangements.     The 
tower  mounts  of  the  47-millimeter  R.  C.  are  like  those  of 
I    the   3-pounder   R.   F.  guns,  and   have  the  same  defects. 
]    The  shelf  and  the  trolly  mounts  of  the  37  mm.  in  the  tops 
are  satisfactory.     Careful  observation  of  the  effect  of  the 
'\    firing  upon  the  hull  of  the  vessel  failed  to  develop  any  dam- 
i    age  other  than  the  breaking  of  the  cast-steel  port  sills  and 
the  starting  of  some  light  woodwork.     The  shock  of  dis- 
j    charge  was  slight  on  the  berth  deck,  and  observers  there 
I    were  unable  to  observe  which  6  in.  gun   had  been  fired. 
The  deck,, hull  and  fittings,  with  the  exception  of  the  port 
sills,  hinges  to  superstructure  doors  and  vegetable  lockers 
and  some  of  the  light  woodwork,  have  every  appearance 
of  strength  and  ability  to  endure  the  strain  of  continuous 
firing  of  the  guns.     The  blast  of  the  forward  8-in.  gun, 
when  fired  abaft  the  starboard  beam,  will  not  permit  the 
crews  of  the  starboard  3-pounder  R.  F.  and  i-pounder  R. 
F.  to  remain  at  their  guns.'   When  the  after  8-in.  gun  is 
fired  forward  of  the  port  beam  the  crews  of  the  after  47 
mm.  R.  C.  and  of  the  port  after  i-pounder  R.  F.  cannot 
remain  at  their  guns.     When  the  forward  6-in.  shifting- 
gun  is  fired  on  the  port  bow,  or  directly  ahead,  ihe  crew  of 
forward  8-in.  gun  cannot  remain  at  their  places.     When 
j    the   after   6-in.  shifting-gun    is    fired    on    the   starboard 
I    quarter,   or   directly    aft,    the    crew    of    the    after    S-in. 
gun  cannot  remain  at  their  gun.     The  inability  to  fire 
parts  of  the  secondary  battery  under  certain  conditions 
is  due  to  the  great  arc  of  fire  given  to  the  8-in.  guns. 
This  can  hardly  be  called  a  defect.     It  is  thought  that 
a  screen  can  be    placed  between  the  8  and  6-in.  guns, 
which  will  enable  them  to  be  worked  together  forward  or 
aft. 
,        The  pivot  socket  of  the  8-in.  carriage  should  have  a 
,    broader  bearing  surface  and  should  be  rigidly  bolted  to 
the  steel  deck  and  to  the  framework  of  the  ship  in  such 
manner  as  to  distribute  the  strain  over  a  larger  area.     The 
clips  and  clip  circles  of  the  8-in.  and  6-in.  carriage  should 
be  made  of  steel.     The  clips  should  have  larger  bearing 
'    surfaces,  and  should  be  shaped  to  fit  the  circle.     The  circle 
should  have  double  flanges  and  be  bolted  mot  riveted)  on 
'    each  flange  to  the  steel  deck.     There  should  be  no  appre- 
ciable play  between  the  clips  and  the  circles.     All  bolts 
used    in    the     battery    fittings    should     have    the    nuts 
locked. 

The  clip  rail  of  the  tower  mount  should  be  altered  to  fit 
the  mount.  This  change  will  make  the  compressors  effec- 
tive and  allow  the  guns  to  be  used  with  safety. 

The  port  sills  should  be  replaced  by  heavier  sills  made 
of  the  best  quality  of  malleable  cast-steel. 

The  plan  of  testing  the  hull,  guns  and  fittings  of  the 
Atlanta,  arranged  by  the  Board,  contemplated  a  more  ex- 
tended use  of  the  main  battery,  but  the  weakness  developed 
in  the  port  sills  and  in  the  sockets  of  the  8-in.  carriages 
rendered  further  lirintr  inadvisable. 
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The  English  Naval  Review. 
(From  the  London  Engineer.) 

With  all  that  took  place  at  the  great  Naval  Review, 
held  at  Spithcad  on  Saturday.  July  23,  the  world  has  been 
made  more  or  less  familiar  by  the  daily  press.  It 
would  be  waste  of  time  did  we  attempt  to  tell  the  story 
over  again.  We  have  failed,  however,  to  find  in  the 
columns  of  our  contemporaries  certain  deductions  which 
admit  of  being  drawn  from  the  spectacle.  No  doubt  they 
did  not  suggest  themselves  to  the  non-professional  mind. 
We  propose  to  fill  the  gap  and  direct  attention  to  points 
connected  with  the  construction  of  warships,  which  have 
not,  as  we  think,  received  the  attention  they  deserve.  Let 
it  not  be  supposed,  however,  that  we  are  going  to  fight 
over  again  the  battle  of  ships  and  gun.s,  or  to  discuss  the 
relative  merits  of  various  types  of  armor.  Nor  shall  we 
say  anything  of  stability,  or  ramming,  or  steering  powers. 
The  questions  we  propose  to  discuss  have  indeed  little  or 
nothing  to  do  with  any  of  these  things.  They  have,  as  a 
rule,  been  entirely  ignored.  To  see  the  modern  warship 
anchored  at  Spithead  sufficed  to  force  these  questions  on 
the  attention  of  any  thoughtful  man.  who,  knowing  some- 
thing of  naval  warfare  and  the  conditions  under  which  it 
will  be  carried  on,  was  at  the  same  time  unwedded  to  any  1 
particular  system  of  construction  or  method  of  fighting.    : 

Let  us  consider  what  is  the  purpose  for  which  such  a 
ship  as,  let  us  say,  the  Inflexible  has  been  constructed. 
This  vessel  has  a  displacement  of  nearly  12,000  tons,  her 
main  engines  indicate  between  7,000  and  8, 000  H.  P.,  and 
she  carries  10  guns,  four  of  them  very  nearly  the  heaviest 
afloat.  She  is' besides  fully  filted  with  torpedo  gear.  The 
whole  object  and  purpose  of  this  vessel  is  to  carry  her 
80-ton  guns  and  torpedoes  from  place  to  place  as  they 
may  be  requited.  She  has  considerable  speed,  first,  be- 
cause she  may  at  any  time  be  wanted  in  a  hurry  in  some 
special  place  ;  secondly,  that  if  an  enemy  tries  to  run 
away  she  may  be  able  to  catch  her ;  and  lastly,  that  if  she 
has  herself  to  run  away,  being  attacked  by  an' overwhelm- 
ing force,  she  may  be  able  10  make  the  attempt  with  some 
prospect  of  success.  The  be-all  and  end-all  of  her  exist- 
ence is,  however,  to  carry  4  mighty  guns,  and  to  enable 
them  to  be  discharged  with  as  much  effect  as  possible 
against  an  enemy.  Regarded  from  this  point  of  view,  it 
will  be  seen  that  everything  becomes  subordinate  to  the 
guns,  and,  of  course,  the  torpedoes.  Now  it  is  impossible, 
we  think,  to  look  at  such  a  ship  without  (eeling  that 
everything  is  not  subordinateto  the  guns,  but  that,  on  the 
contrary,  the  guns  are  subordinate  to  many  things.  Let 
us  for  the  moment  leave  torpedoes  on  one  side,  and  con- 
sider what  would  be  the  best  way  to  make  the  guns  ef- 
ficient. At  the  outset  it  appears  that  it  is  a  policy  of 
doubtful  wisdom  to  put#ll  four  of  such  extremely  expen- 
sive eggs  in  one  basket,  and  that  four  ships,  each  carrying 
one  So-ton  gun  would  be  better  than  one  ship  carrying 
four  guns  of  th.is  weight.  This  point,  however,  we  shall 
not  urge ;  but,  retaining  our  four  guns,  does  it  not  ap- 
pear that  these  weapons,  if  to  be  carried  in  turrets,  ought 
to  be  so  carried  that  the  ship  will  present  the  least  possi- 
ble mark  to  the  enemy,  and  that  the  structure  of  the  ship 
above  the  water-line  should  be  as  simple  and  straight- 
forward as  possible  .■"  In  one  word,  Ericsson's  J/(W/'/(ir 
above  water  supplies  the  bean  ideal  of  what  a  warship 
carrying  heavy  guns  ought  to  be.  We  say  "above  water  " 
advisedly,  because  there  were  many  and  grave  defects  in 
the  underwater  portion  of  the  Monitor  type,  as  elaborated 
in  the  United  States,  which  should  not  be  copied.  The 
perfect  warship,  then,  would  be  a  vessel  with  her  upper 
deck  not  raised  many  feet  above  the  water-line,  and 
nothing  projecting  above  that  deck  save  the  two  turrets 
carrying  the  guns  and  the  funnel.  If  it  be  conceded  that 
the  object  of  the  life  of  a  warship  is  to  fight,  and  that 
fighting  involves  the  carrying  of  heavy  guns  from  place 
to  place,  then  it  will  be  admitted  that  our  definition  of 
the  perfect  warship  is  sound.  Of  course  if  our  proposi- 
tion is  disputed  on  the  ground  that  in  a  warship  every- 
thing is  not  subordinate  to  guns,  a  large  question  for 
discussion  mav  be  opened.  Let  us  suppose  forthe  moment 
that  the  soundness  of  our  proposition  is  granted,  and  see    1 


how  far  the  modern  turret  ship  complies  with  it.  It  was 
only  necessary  to  pass  down  the  lines  at  Spithead  to  see 
that  such  ships  as  the  Devastation,  Injlexible,  Ajax,  etc., 
do  not  comply  with  it  at  all.  We  have  in  them  first  the 
low  deck  and  the  turrets,  but  above  these  rises  a  huge 
structure,  weighing*  great  many  tons,  and  employed  as  a 
promenade  deck,  if  we  may  so  use  the  words.  In  addi- 
tion, there  are  dozens  of  great  ventilators,  needed  to  take 
foul  air  out  of  the  ship  and  [lass  air  into  her,  to  say 
nothing  of  supplying  her  furnaces.  Of  boats  we  need  not 
speak.  They  may,  perhaps,  be  regarded  as  necessary 
evils.  It  is  quite  impossible  for  those  who  have  not  been 
on  board  a  modern  turret-ship  to  fully  realize  what  a  mass 
of  top-hamper,  as  a  sailor  would  say.  she  carries,  but  a 
very  fair  idea  of  it  could  be  got  by  those  who  kept  their 
eyes  open  at  the  review.  May  weask,  what  would  become 
of  all  this  top-hamper  in  a  naval  engagement.  It  has  often 
been  stated  that  deck-houses,  to  use  an  euphuism,  would 
all  be  blown  to  bits  during  the  first  few  minutes,  and  that 
their  loss  would  entail  no  trouble.  This  we  venture  to 
doubt.  That  the  hurricane  deck,  etc.,  would  be  smashed 
up  by  quick-firing  shell  guns  in  a  very  short  time  is  quite 
true  ;  but  can  anyone  assert  that  the  consequences  might 
not  be  disastrous?  We  may  take  it  for  granttd  that  no 
lives  would  be  lost,  for  the  crew  would  be  withdrawn 
below  when  the  ship  went  into  action  ;  but  is  it  rot  pos- 
sible that  a  turret  might  easily  be  rendered  uselc-^s  by  a 
mass  of  heavy  ironwork  falling  on  and  jamming  it  .-  But 
this  is  not  all.  If  the  great  ventilators  are  essential  to 
the  working  of  the  ship,  what  will  occur  when  these  ven- 
tilators are  crushed  up  and  practically  ruined?  The 
funnels  are  to  a  certain  extent  protected  by  armor-plating 
near  the  base,  but  above  they  are  easily  destroyed.  What 
would  be  the  result  of  this  destruction  ?  The  furnaces 
depend  for  their  draught,  it  may  be  urged,  on  fans— not 
on  a  chimney.  Quite  so  ;  but  all  the  fans  in  existence 
could  not  help  a  ship  if  her  funnel  was  choked  below  with 
fragments  of  itself  dropped  from  above.  Naval  architects 
do  all  that  lies  in  their  power  to  make  a  ship  impregnable 
as  far  as  the  hull  is  concerned;  and  they  then  buildup 
on  the  top  of  this  hull  a  mighty  structure  of  decks  and 
houses  and  ventilators  and  funnels,  and  we  know  not 
what,  and  think  that  all  is  well.  This  view  we  cannot 
take.  We  believe  that  in  this  much  neglected  super- 
structure lies  an  imi)ortant  element  ol  danger,  and  that 
the  truth  has  not  been  recognized  before,  simply  because 
attention  has  been  diverted  altogether  to  other  aspects  of 
the  warship  question. 

We  have  no  doubt  but  that  it  will  be  urged  that  these 
deck  structures  are  essential;  that  they  cannot  be  done 
without,  that  they  are  needed  to  provide  accommodation 
for  the  crew  and  as  means  of  navigating  the  ships.  This 
is  quite  possible;  but,  so  much  the  worse.  It  maybe 
pointed  out.  however,  that  by  saving  the  weight  of  these 
things  the  ship  might  be  made  to  float  a  little  higher  in 
the  water,  and  so  provide  a  little  more  accommodation 
for  the. crew  below.  It  does  seem  strange  that  in  a  ship 
of  12,000  tons  it  is  impossible  to  find  room  for  450  men 
without  resorting  to  deck-houses,  and  the  unprejudiced 
mind  begins  to  think  that  if  naval  architects  consulted 
with  naval  men  a  little  more  it  might  be  possible  to 
arrive  at  a  compromise  which  would  end  in  reducing  the 
intolerable  amount  of  top- hamper  now  being  carried,  and 
would  secure  means  of  ventilation  without  the  necessity 
for  the  vast  wind  sails  which  now  disfigure  our  men-of- 
war,  especially  the  fast  ships  So  much  for  one  lesson 
taught,  we  think,  bv  the  review.     Now  for  another. 

Those  who  were  fortunate,  or  shall  we  say  unfortunate, 
enough  to  see  the  review  from  the  great  Indian  trooper 
Taniar  saw  that  she  was  steadily  followed  from  South- 
hampton Docks  by  a  craft  which,  looked  on  from  the 
great  height  of  the  Tamar's  taffrail,  moje  resembled  in 
hue  and  shape,  but  certainly  not  in  speed,  a  huge  slug 
than  anything  else.  This  was  the  submarine  torpedo- 
boat,  the  Xordenfelt,  which  has  already  been  pretty  luUy 
described  and  illustrated  in  our  pages.  The  Taiiiar  got 
out  of  dock  late,  as  she  had  to  give  way  to  the  Orontes 
and  the  Himalaya,  and  she  did  not  waste  time  in  steaming 
to  Portsmouth.  She  is  a  fast  ship  too.  and  returning  to 
Southampton  in  the  evening,  she   very  easily  and   hand- 
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somely  beat  the  Orontis.  But  on  the  run  down  to  Ports- 
mouth the  Xordenfitt  just  kept  the  position  with  regard 
to  the  troopship  that  she  lil<ecl  best.  She  was  not  nearly 
submerged ;  yel  the  target  she  presented  was  extremely 
small.  Coming  bows  on  200  yards  or  so  in  the  wake  of 
the  I'ainar,  little  could  be  seen  but  an  upheaved  mass  of 
wa'er.  Unlike  torpedo  boats,  whic'T,  when  going  at 
speed,  lift  their  bows  out  of  the  sea.  tlic  XoriL'nfcll  keeps 
on  an  even  keel,  and  raises  in  front  of  her  a  i  urious  wave, 
which  is  rifle  proof  and  probably  proof  even  against 
machine-guns,  because  the  solid  mass  of  water  deflects 
bullets  upwards  at  such  an  angle  that  they  clear  the  hull. 
The  Xordeiifelt  appeared  to  be  the  very  incarnation  of 
destructive  power.  There  was  not  one  of  the  magnificent 
and  costly  men-of-war  reviewed  by  her  Majesty  that  could 
do  anything  to  avert  destruction  by  the  Nordeiifclt,  if  this 
destruction  were  contemplated,  save  take  to  her  screws 
as  fast  as  she  could.  At  a  distance  of  a  mile  the  boat, 
when  (j //tv/r  (/V(f« — that  is  to  say.  with  only  her  little 
conning-toweroutof  the  water — is  invisible  ;  when  within 
a  couple  of  hundred  yards  we  do  not  believe  she  would 
be  detected,  save  by  chance,  if  there  was  a  little  sea  on  ; 
at  night,  the  chances  of  her  being  found  by  torpedo^uard- 
boats  would  be  extremely  small.  She  could  thus  run  quite 
close  up  to  a  ship  without  availing  herself  fully  of  her 
submarine  powers,  and  her  chances  of  getting  away  un- 
hurt, after  discharging  her  torpedoe.=  ,  would  be  very 
good.  But  she  could  approach  within  a  mile  of  an  iron- 
clad at  anchor  ;  take  her  bearings  accurately  and  then  go 
do«fn  and  proceed  under  water  until  she  had  run  the  re- 
quisite distance — she  could,  if  in  any  doubt,  come  nearly 
to  the  top  for  a  moment  to  permit  the  steersman  to  see 
where  he  was  precisely,  and  then  go  down  without  being 
detected,  or.  if  detected,  injured — and  immediately  after- 
ward deliver  a  blow  which  would  send  a  great  ironclad  to 
the  bottom.  The  Xordenfclt  has  rendered,  we  think,  naval 
operations  against  forts  and  hirbors  nearly  impossible. 
No  commander  dare  lie  near  a  harbor  from  which  a  sub- 
marine boat  could  be  despatched  to  blow  up  his  ship. 
The  one  chance  remaining  is  that  ships  may  be  rendered 
torpedo  proof,  and  how  that  is  to  be  done  remains  to  be 
seen. 

During  the  review  the  Xordenfelt  lay  near  the  7;z;««r. 
In  the  evening  she  weighed  her  anchor  and  steamed 
back  to  Southampton,  where,  we  understand,  tiovern- 
ment  trials  will  be  carried  out  with  her  in  a  short  time. 
Events  follow  each  other  with  rapidity  in  the  Nineteenth 
Century.  We  have  already  seen  the  British  Navy  entirely 
reconstructed  on  principles  which  were  not  dreamed  of 
in  1856.  It  is  possible  that  a  very  few  years  will  suffice 
to  see  it  remodeled  once  more,  and  our  readers  may  rest 
assured  that,  if  this  be  the  case,  the  influence  of  the 
Norden/i/f  will  be  manifested  in  that  remodeling. 


The  New  Light  Artillery  Guns  and  Carriages. 

(From  the  Springfield.  Mass.,  AV/«i(//,,i«.) 

A  MOUF.i.  for  a  machine-gun  carriage  has  just  been  com- 
pleted at  the  United  States  Armory  in  Springfield.  The 
carriage  is  the  invention  of  Colonel  Buflington,  as  was  the 
artillery  carriage  adopted  by  the  Government  last  year, 
and  is  ingeniously  constructed,  promising  to  revolutionize 
this  feature  of  modern  warfare.  The  carriage  furnishes  a 
complete  protection  to  the  gunners,  and  will  render  the 
men  who  are  working  it  as  safe  as  they  would  be  inside 
an  iron-clad.  Contrary  to  what  would  naturally  be  ex- 
pected from  such  a  contrivance,  it  will  present  a  graceful 
and  imposing  appearance.  The  features  of  the  carriage 
are  a  huge  semi-circular  concave  shield  rising  from  the 
axle,  a  steel  apron,  which  drops  from  the  axle  to  the 
ground,  a  steel  disk  which  covers  each  wheel  and  the 
hollow  iron  axle  and  trail  The  most  noticeable  thing 
about  the  carriage  is  the  great  half-luna  shield  of  armor 
metal,  which  rises  from  the  axle,  and  through  which  the 
muzzle  of  the  gun  projects.  The  front  of  the  axle  is 
curved  on  a  line  with  a  great  circle  passed  through  the 
sphere  of  which  the  shield  is  a  quarter.  The  half  shield 
is  made  of  the  toughest  steel.  0.15  in.  in  thickness,  and  is 


bolted  to  the  front  edge  of  the  axle.  This  is  of  sufficient 
resistance  to  alTord  protection  from  any  bullet  shot  from 
a  distance  of  200  yaids  or  over,  and  a  machine  gun  cannot 
be  used  to  advantage  in  closer  combat.  A  circular  hole 
is  cut  in  front  of  the  shield,  which  will  allow  the  muzzle 
of  the  gun  to  turn  as  far  in  any  direction  as  it  could  if  the 
shield  were  not  used.  Of  course,  if  the  shield  were  left 
with  this  aperture  uncovered  the  gunner  would  still  be 
exposed,  but  to  remedy  this  two  large  circular  shields, 
about  the  size  of  the  ordinary  Greek  shield,  are  riveted 
one  on  each  side  of  the  aperture  in  the  main  shield,  so 
that  they  can  be  made  to  revolve  on  the  rivet  which 
fastens  them.  A  hole  is  cut  in  the  edge  of  each  of  these 
smaller  shields  so  that  it  covers  the  gun  all  but  about  an 
inch  on  each  side.  Thus,  when  the  gun  is  raised  or  low- 
ered, the  shields  revolve  and  the  aperture  is  still  cr)vered. 
The  smaller  shields  are  also  made  to  run  in  a  track  to 
allow  for  the  movements  i>f  the  gun  from  side  to  side. 
No  weight  is  carried  on  the  muzzlp.  and  the  freedom  of 
the  sweep  is  not  in  the  least  impaired. 

It  was  said  that  the  outside  or  smaller  shields  cover  the 
gun  excepting  about  an  inch  at  each  side.  This  allows 
tor  the  sighting  of  the  gun,  but,  at  the  same  time,  renders 
the  protection  to  the  gunner  incomplete,  so  that  a  thimble 
is  made  to  slip  over  the  muzzle  of  the  gun  inside  the 
shield.  This  thimble  will  carry  a  flange  on  it  sulTiciently 
wide  to  make  up  for  the  space  left  open  by  the  smaller 
shields,  and  it  will  have  in  it  a  slot,  which  can  be  turned 
toward  and  away  from  the  sight,  as  occasion  requires. 
The  axle  is  what  is  called  a  box-beam  axle  and  is  hollow ; 
it  thus  furnishes  room  for  a  closet  on  each  side,  which  are 
shut  by  steel  doors.  These,  with  a  similar  clo-et  in  the 
hollow  steel  trail,  gives  room  for  1,200  cartridges,  or  as 
many  as  are  fired  in  an  ordinarv  battle.  The  axle,  although 
hollow,  is  stronger  than  a  common  steel  and  wooden  axle. 
A  T-axle  runs  along  on  the  bottom  of  the  box-beam  axle, 
and  a  steel  apron  is  fastened  to  this  which  reaches  to  the 
ground,  but  can  be  swung  back  and  strapped  to  the  trail 
when  the  carriage  is  drawn  l)v  the  limber.  The  apron  is 
made  of  the  same  metal  as  the  shields.  The  wheels  will 
also  be  covered  by  disks  o(  the  same  metal,  and  when 
these  arc  all  in  use  the  gunner  will  be  behind  a  complete 
armor.  Any  or  all  of  these  protections  can  be  taken  off 
and  laid  aside  at  will.  The  large  shield  being  spherically 
curved,  a  ball  which  strikes  it  in  any  place  but  the  center 
will  be  made  to  glance  off.  and  if  it  strikes  the  center  it 
will  come  in  contact  with  two  steel  plates  made  by  the 
lapping  of  the  two  shields,  unless  it  strikes  the  muzzle  of 
the  gun.  The  carriage  can  be  used  with  any  machine 
gun.  The  models  of  the  shields  are  made  of  wood,  but 
the  trail  and  body  are  of  steel.  A  steel  shield  will  be 
made  as  soon  as  Colonel  Buflington  finds  a  kind  of  steel 
which  is  tough  enough.  It  is  reported  that  a  Kentucky 
blacksmith  has  discovered  a  new  way  of  tempering  metal 
and  that  he  will  present  the  method  to  the  Government. 
Colonel  Buffington  is  wailing  to  see  what  it  turns  out  to 
be.  The  lines  of  the  whole  carriage  are  symmetrical  and 
it  reminds  one,  with  its  dome  shaped  shield,  of  a  Roman 
chariot. 


The   Captive  Kite-Balloon. 

lE.  Douglas  ,\rchibald,  in  .Mature  ) 

It  has  always  been  an  objection  to  the  extensive  use 
of  captive  balloons  for  scientific  or  military  purposes,  that 
a  wind  of  moderate  strength  suffices  not  merely  to  de- 
press them  considerably  from  the  vertical,  but  to  cause 
them  to  jerk,  rotate  and  oscillate  vertically  and  horizon- 
tally in  such  a  manner  as  to  render  them  either  partially 
ineffective  or  totally  useless. 

During  the  recent  military  mancruvres  at  Dover,  it  was 
stated  that  the  captive  balloon  under  the  charge  of  Major 
Templer  was  not  allowed  to  ascend  beyond  the  shelter  of 
the  snrrounding  downs,  owing  to  the  strong  wind  then  pre- 
vailing. It  was  thus  /tors  de  combat  as  far  as  the  enemy 
was  concerned,  and  this  seems  to  be  a  common  experience 
of  military  balloonists. 

The  jerking,  as  a  balloon  after  a  freshening  of  the  wind 
suddenly  reaches  the  end  of  its  tether,  is.  I  am  told  by  an 
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experienced  member  of  the  Balloon  Corps,  very  trying  to 
the  nerves,  while  the  rotation  on  its  axis  is  a  serious 
obstacle  to  steady  observation. 

The  depression  of  a  captive  balloon  in  a  wind  of  any 
sensible  strength  is  also  more  than  most  persons  would 
miagine,  and  as  the  velocity  of  the  wind  generally  mcreases 
with  the  height  (very  rapidly  for  the  first  few  hundred  feetj, 
while  the  buoyancy  of  the  balloon,  owing  to  several  causes, 
diminishes,  this  condition  becomes  more  pronounced  at 
the  higher  levels. 

The  depression  is  obviously  due  to  the  fact  that  a  cap- 
tive balloon,  as  at  present  employed,  can  only  be  secured 
at  its  htst',  and  thus  the  normal  component  of  the  wind 
is  resolved  in  a  downward  direction,  pressing  the  balloon 
toward  the  earth.  If  the  fastening  could  be  made  two- 
thirds  of  the  way  up  its  side,  this  normal  component 
could  be  resolved  in  an  upward  direction,  and  utilized  so 
as  to  add  to  the  elevating  power  of  the  balloon.  The 
fragile  nature  of  the  balloon  fabric,  however,  renders  it 
impossible  to  do  this  except  by  interposing  a  kite-surface 
between  it  and  the  wind. 

All  the  preceding  defects  are  remedied  and  several 
positive  advantages  are  gained  by  attaching  a  balloon  to  a 
kite  in  the  manner  indicated  in  the  accompanying  diagram. 

In  this  diagram  the  captive  kite-balloon  is  shown,  the 
letters  of  reference  being  as  follows;  a\  octagonal  kite. 


THE    CAPTIVE    KITE-BALLOON. 

with  frame  of  four  pieces  of  bamboo;  /'',  spherical  balloon  ; 
f,  covering  of  kite  (preferably  silk);  /,  extra  or  top  hood  ; 
/'/-,  etc.,  bands  connecting  kite  and  hood  with  top  of  bal- 
loon ;_o-,  ring  connecting  lower  end  of  kite  with  the  con- 
verging net  cords  of  balloon  ;  A,  tail  of  cones  {/) ;  /',  earth- 
line  connected  with  kite,  one  branch  passing  through  a 
pulley  to  the  car  (/(■). 

The  advantages  claimed  are  ;  The  addition  of  the  kite, 
with  the  fastening  at  the  side  instead  of  the  base,  counter- 
acts the  depression  produced  by  the  wind,  and  not  only 
raises  its  own  weight,  but  even  in  a  light  anti-cyclonic 
breeze  elevates  the  whole  apparatus  to  a  higher  level  than 
that  which  could  be  attained  by  the  balloon  alone. 

Thus,  in  an  experiment  here  on  Friday,  June  10,  in  the 
presence  of  Mr.  Eric  S.  Bruce  and  others,  with  a  very  light 
wind  (\  have  since  ascertained  that  during  the  trial  the 
mean  velocity  at  Greenwich,  211  ft.  above  the  sea,  with  a 
good  exposure  for  the  wind,  then  northeast,  was  12  miles 
per  hour ;  the  present  locality  was  in  a  valley  260  ft.  above 
sea-level,  surrounded  by  hills,  rising  500  ft.  above  the  seaj, 
the  balloon,  of  113  cub.  ft.  capacity  and  with  1,200  ft.  of 
wire  out.  attained  a/o?ie  a  mean  vertical  height  of  693  ft., 
while  when  attached  to  a  kite  of  9  ft.  by  7  ft.  and  the  same 
lengths  of  wire  it  kept  steadily  at  789  ft.  The  lifting  power 
in  the  second  case  was  also  greatly  increased,  as  shown  by 
the  following  comparison  of  the  angles  of  the  kite  and 
wire  in  the  two  cases ; 


about  5  lbs.,  the  wire  weighed  about  4lbs.  and  the  kite  2% 
lbs.  The  addition  of  the  kite  raised  \'i  lbs.  more  than 
the  balloon  could  have  done  alone,  with  a  good  deal  to 
spare.  It  increased  the  height  by  96  ft.  and  diminished  the 

sag  by  ly/z  . 

With  the  tail  (made  of  self-regulating  cones)  it  com- 
pletely counteracts  the  jerky,  rotatory,  and  oscillatory 
movements  of  the  balloon,  by  keeping  the  wire  taut  and 
exerting  a  constant  pull  on  the  balloon  at  its  lower  ex- 
tremity. 

Witli  the  addition  of  the  top  hood,  an  essential  feature 
of  the  combination,  the  kite  shields  the  balloon  fabric 
from  the  destructive  action  of  the  wind. 

The  combination  can  be  flown  on  a  much  larger  per- 
centage of  days  than  the  balloon  alone. 

In  a  large  balloon  with  car  attached  the  occupant  can 
alter  his  altitude  and  azimuth  by  pulling  the  lower  or  side 
attachment  of  the  kite,  and  thus  extend  his  area  of  obser- 
vation. 

With  the  kite,  and  except  in  the  rare  case  of  a  dead  calm, 
a  much  smaller  balloon  is  needed  to  raise  a  given  weight. 
The  kite  portion  is  portable  and  easily  detachable  in 
the  event  of  a  calm. 

The  use  of  wire  (a  suggestion  which  I  owe  to  Sir  Will- 
iam Thomson)  greatly  increases  the  strength  and  lessens 
the  weight  of  the  earth-line. 

I  arrived  at  the  idea  of  uniting  the  two  apparatuses 
while  conducting  my  kite  anemometrical  observations  in 
18S4,  owing  to  my  desire  to  prevent  my  kites  from  coming 
down  suddenly  when  the  wind  dropped.  I  found  the  bal- 
loonists  equally  desirous  of  some  means  for  shielding  their 
balloons  from  damage  and  keeping  them  vp  in  a  wind. 
The  kite-balloon  satisfies  both  requirements,  and  will,  1 
trust,  be  of  use  both  to  scientific  as  well  as  militar_\'  ob- 
servation. 


Balloon  alone 

The  lifting  power  of  the   balloon 


ith   hydrogen    was 


Fighting  Ships. 

A  CORRESPONDENT  of  the  London  Tiiiics  concisely 
sums  up  the  arguments  of  the  two  parties  in  the  contro- 
versy in  the  question  of  the  proper  uses  and  distribution 
of  armor  in  fighting  ships  ; 

One  party,  including  Sir  E.  Reed  and  the  majority  of 
naval  officers,  say  that  the  first  duty  of  a  ship  is  to  float, 
therefore  side  armor  should  be  used  to  protect  the  buoy- 
ancy and  stability  of  ships  intended  to  take  their  place  in 
line  of  battle,  otherwise  they  will  certainly  be  sunk  or 
capsized  by  the  gun  fire  of  their  enemies. 

The  other  party,  which  includes  Sir  N.  Barnaby,  Mr. 
W.  H.  White  and  Sir  W.  Armstrong,  say  that  their  oppo- 
nents overrate  the  probability  of  a  ship  being  sunk  by  gun 
fire.  It  was  a  very  rare  occurrence  even  in  the  old  naval 
wars,  when  gun  fire  was  the  only  mode  of  attack,  but  now 
you  have,  in  addition  to  gun  fire,  the  ram  and  the  loco- 
motive torpedo,  both  of  which  will  probably  play  a  very 
important  part  in  future  naval  battles;  side  armor  renders 
no  protection  against  either  ram  or  torpedo,  and,  in  order 
to  be  effective  against  modern  artillery,  it  must  be  of  very 
great  thickness ;  but  if  constructors  insist  on  carrying  side 
armor  of  great  thickness  all  round  a  ship  in  order  to  pro- 
tect her  against  the  one  element  of  artillery  fire,  it  must 
be  remembered  that  it  renders  her  more  liable  to  de- 
struction by  the  other  two  weapons,  ram  and  torpedo,  for 
it  is  necessary  to  curtail  her  speed  and  handiness,  or  else 
give  her  a  feebler  armament  or  less  coal-carrying  power, 
and  these  last  four  qualities— viz.:  speed,  handiness,  arma- 
ment and  coal  endurance — are  of  vital  importance  in  a 
modern  man-of-war. 

The  correspondent,  who  is  a  captain  in  the  Royal  Navy, 
says  that,  in  his  opinion,  the  power,  or  rather  the  prob- 
ability, of  the  ram  and  torpedo,  has  been  overrated,  and 
the  power  and  probability  of  the  recently  developed  (and 
still  develooing)  quick-firing  gun  have  been  underrated. 

The  best  of  ships  for  fighting  purposes  must  only  be 
compromises  ;  that  if  you  want  more  speed  you  must  give 
up  some  armor  protection,  or  some  armament,  or  some 
coal ;  these  are  the  four  great  qualities  which  govern  the 
problem,  and  you  may  sit  down  and  ring  the  changes 
upon  how  much  of  each  of  these  you  can  get  into  a  ship 
of  a  given  tonnage  at  a  given   cost,  remembering  that. 
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■while  your  ship  is  still  building,  there  will  in  all  proba- 
bility lis  some  inventions  and  improvements  in  engines, 
guns,  torpedoes,  compound  armor,  or  something  else  con- 
nected with  your  art.  which,  if  you  do  not  adopt  in  your 
ship,  will  lay' her  open  to  be  called  obsolete  before  she  is 
ever  put  in  commission,  and  lay  you  open  to  censure  by 
naval  officers  and  professional  rivals  ;  and  if  you  do  adopt 
them,  you  will  alter  your  ship  from  her  original  design, 
making  her,  perhaps.' too  deep  in  the  water,  and  laying 
vourself  open  to  the  censure  of  professional  rivals  and 
party  politicians. 

The  New  Yacht  "Volunteer." 


The  new  steel  sloop  yacht  Volunteer  has  surprised  the 
yachting  fraternity  of  the  United  States  by  beating  her 
rival  sisters  Puritan  and  Mayflower  three  out  of  four 
races,  as  follows :  From  New  London  to  Newport.  Volun- 
teer beat  Puri'.an  7  minutes  21  seconds  and  the  Mayflower 
56  minutes  4.3  seconds.  In  the  race  for  the  Goelet  cup, 
from  Newport  to  the  entrance  to  Vineyard  Sound.  I'olun- 
ieer  beat  Mayflower  S  minutes  42  seconds.  Puritan  10 
minutes  53  seconds.  In  the  race  from  Vineyard  Haven 
to  Marblehead,  Voluntcr  beat  Mayflower  2  hours  23  min- 
utes 29  seconds,  while  the  Puritan  carried  away  her  top- 
mast and  was.  of  course,  out  of  the  race. 

The  Volunteer's  rough  handling  of  the  Mayflower  in 
each  of  these  races  is  sufficient  guarantee  that  she  is  a 
faster  boat,  and  if  all  signs  do  not  fail  she  will  doubtless 
be  chosen  to  defend  America's  cup  against  the  Thistle. 

The  contract  for  the  Volunteer  was  signed  between 
General  Paine  and  Pusey  &  Jones,  of  Wilmington,  Del., 
April  5.  Only  86  days  were  required  to  construct  the 
hull.  She  was  launched  July  i,  and  a  few  days  later  towed 
to  Boston  to  receive  her  spars  and  fit  out  at  the  yard  of 
Geo.  Lawley  &  Son.  South  Boston. 

Below  is  given  a  table  of  elements  of  the  Volunteer,  as 
well  as  those  of  other  famous  sloops,  now  so  well  known 
on  both  sides  of  the  Atlantic  : 


Length  over  all 

Length  on  waterline.. 

Beam 

Beam  at  waterline.... 

Depth  of  hold 

Draft 

Area  midship  section. 
Mid  section  from  bow 
Mast,  deck  to  hounds. 
Topmast 


Displacement 

Inside  ballast 

Keel  ballast 

Sail  area  by  N.  Y.  Y. 
C.rulc 
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The  Volunteer,  though  essentially  like  the  Jiayflo^ner  in 
body,  can  be  viewed  as  one  step  nearer  the  keel  vessel. 
Built  of  steel,  the  garboards  have  been  dropped,  and  the 
rocker  to  the  gutter  keel-plate  has  been  held  along  well 
amidships,  so  that  she  will  draw  iS  in.  more  than  the 
Mayflower  along  the  middle  where  the  ballast  will  be  run 
into  the  keel.  This  will  bring  about  a  lower  center  of 
weight  and  also  more  draft  than  in  the  Mayflower.  In 
racing  trim,  the  Volunteer  will  draw  about  10  ft.  9  in., 
which  is  only  2  ft.  less  draft  of  water  than  a  regular  cutter 
would  require,  and  probably  within  2  ft.  6  in.  the  same  as 
that  of  the  Thistle. 

She  has  the  same  beam  at  waterline  as  the  Mayflarwer, 
though  she  is  about  one  foot  longer.  The  topsides  have, 
however,  less  flare,  so  that  the  Volunteer  is  not  so  wide 
across   deck.      A  minor  peculiarity  of    the  Volunteer  is 


her  clipper  stem  and  the  accompanying  moderate  flare  in 
the  harpins.  in  which  respect  she  is  similar  to  the  Scotch 
Thistle.  The  overhang  of  the  Volunteer  was  intended  to 
be  of  the  fashionable  cutter  style,  but  the  builders  intro- 
duced a  slight  variation,  which  gives  to  the  extreme  after 
end  of  the  overhang  an  individual  character  not  found  in 
any  other  yacht.  In  rig  she  will  be  almost  a  counterpart 
ol  the  Thistle. 

The  sail  area  of  the  /  'olunteer  is  larger  than  that  of  the 
.Mayflower,  as  will  be  seen  by  the  foregoing  table.  The 
foresail  is  5  ft.  9  in.  longer  on  the  foot,  owing  to  the  over- 
nanging  stem.  The  mainsail  is  2  ft.  longer  on  foot.  Top- 
sail is  larger  and  spinaker  boom  3  ft.  longer. 

The  hull  of  the  Volunteer  has  all  the  strength  combined 
with  lightness  of  material  that  the  best  of  steel  can  pro- 
duce. 

The  keel  is  a  gutter  plate  ,^4  in.  thick;  aft  it  dovetails 
into  the  sternpost,  and  10  ft.  forward  of  the  centerboard 
trunk  it  scarfes  to  the  heel  of  the  forward  bar  keel  turned 
up  into  the  stem.  This  piece  is  6  x  i^'  in.  planed  almost 
to  a  knife-edge  from  the  forefoot  up.  Sternpost  is  2'/^  in. 
thick  with  the  rudder  tapered  away  to  ,'2  in.  across  its 
after  edge.  The  frame  is  of  angle  steel  with  reverse 
angles,  spaced  2  ft.  Diagonal  and  bilge  stringers  and 
deep  brackets  stiffen  the  frame,  while  fore-and-aft  strength 
is  supplied  by  the  forged  bed  piece  and  casing  of  the 
centerboard  trunk  in  connection  with  keelsons,  deck 
stringers  and  ties.  Deck  plank  of  white  pine,  2yi  x  3  in. 
Barring  accidents,  it  is  safe  to  assert  that  the  America's 
cup  wiil  remain  this  side  the  Atlantic  as  long  as  our  marine 
architects  can  do  as  well  as  the  designer  and  builders  of 
the  Volunteer. 


High  Pressure  and  Forced  Draft  for  Marine  Engines. 

(From  the  London  Engineering^ 

Some  important  trials  of  the  new  machinery  of  the 
screw  steamer  Ohio,  belonging  to  the  International  Navi- 
gation Company,  have  recently  taken  place  on  the  Clyde. 
The  Ohio  is  an  American  built  steamer  measuring  34.3  ft. 
X  43  ft.  X  34  ft.  6  in.,  and  of  3.325  tons  gross.  She  has 
been  entirely  refitted  with  new  engines  and  boilers  by 
Messrs.  James  Howden  &  Co..  Glasgow,  who  also  rear- 
ranged the  bunker,  machinery  and  hold-spaces,  so  as  to 
give  the  important  advantage  of  increased  cargo  accom- 
modation obtainable  from  the  use  of  their  improved  ma- 
chinery, which  occupies  considerably  less  space  than  the 
engine's  and  boilers  of  the  same  power  which  have  been 
replaced.  The  new  engines  are  of  the  triple-e.\pansion 
I  type,  and  the  boilers,  which  are  designed  for  supplying 
steam  of  150  lbs.  pressure,  are  worked  on  Howden 's  sys- 
tem of  forced  draft,  which  combines  increased  power 
with  high  economy  in  fuel.  The  object  of  the  owners  in 
refitting  the  Ohio  was  to  test  the  capability  and  economy 
of  this  system  of  forced  draft  on  a  sufficient  scale  to  guide 
them  in  dealing  with  steamships  of  the  largest  class  and 
great  power. 

In  the  refit  of  the  Ohio  the  boilers  were  designed  to 
work  with  a  very  moderate  air-pressure,  this  being  suffi- 
cient for  the  power  required  by  the  contract.  The  com- 
bined powerand  economy,  however,  guaranteed  by  Messrs. 
Howden  &  Co.  for  the  use  of  their  system  of  forced 
draft  was  higher  than  has  hitherto  been  attempted  in 
any  steamship,  and  sufficient,  if  attained,  to  prove  the 
large  reduction  that  could  safely  be  made  in  the  number 
and  size  of  boilers  for  the  use  of  the  system,  and  the 
quantity  of  coal  required  to  produce  a  given  power. 
The  contract  for  the  refit  of  the  steamer  required  that 
2.100  indicated  H.  P.  (which  was  the  maximum  power  of 
the  engines  removed)  should  be  maintained  during  the 
trial  on  a  consumption  of  1.25  lbs.  of  coal  per  I.  H.  P.  per 
hour.  Originally,  the  boilers  of  the  Ohio,  from  which 
this  power  was  produced,  were  three  in  number,  double- 
ended,  12  ft.  6  in.  in  diameter  by  17  ft.  6  in.  in  length, 
having  each  6  furnaces  3  ft.  in  diameter,  or  18  furnaces  in 
all,  with  an  aggregate  fire-grate  area  of  300  sq.  ft.  The 
new  boilers,  fitted  with  the  forced  draft,  are  likewise 
three   in   number,  but  single-ended,  13  ft.  in  diameter  by 
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u  ft.  2  in.  in  length,  having  each  3  furnaces  3  ft.  3  in.  in 
diameter,  or  9  furnaces  in  all,  with  an  aggregate  fire-grate 
area  of  1 12  sq.  ft.  Air  for  combustion  is  supplied  to  the 
boilers  by  one  of  Messrs.  \V.  H.  .\llcn  &  Co.'s  fans,  5  ft.  6 
in.  in  diameter,  driven  direct  by  an  engine  having  a  cylin- 
der 7  in.  in  diameter  with  stroke  of  4  in.  The  boilers 
removed  had  two  stokeholds  across  the  ship,  one  fore 
and  one  aft  of  the  boilers,  while  the  new  boilers  have  only 
one  stokehold  on  the  after  side.  The  engines  removed 
have  cylinders  57  in.  and  90  in.  in  diameter,  by  48  in. 
stroke,  while  the  new  engines  have  three  cylinders  31  in., 
46  in.  and  72  in.  in  diameter,  respectively,  with  piston 
stroke  of  51  in. 

During  the  trials  the  coals  were  weighed  out  under  the 
supervision  of  the  otTicers  of  the  company,  who  also  took 
the  record  of  speed  and  o'her  data.  After  running  down 
Channel  for  a  considerable  time,  the  trial  on  the  coals 
weighed  out  began  and  lasted  4  hours  10  minutes,  during 
which  time  10,885  lbs.  of  Welsh  coal  were  burned,  the 
trial  ending  uith  the  same  revolutions  of  engines  and  the 
same  pressure  in  boilers  with  which  it  began.  The  mean 
I.  H.  P.  calculated  trom  the  mean  of  seven  sets  of  indi- 
cator cards,  taken  during  the  trial,  and  the  mean  revolu- 
tions per  minute,  found  by  dividing  the  total  revolutions 
recorded  on  the  engine  counter  by  the  mmutes  in  the 
period  of  the  trial,  amounted  to  2,124,  thus  making  the 
consumption  1.23  lbs.  per  I.  H.  P.  per  hour,  and  the  power 
per  square  foot  of  fire-grate  almost  exactly  19  I.  H.  P. 
While  testing  the  I.  H.  P.  and  consumption  of  coal,  the 
steamer  ran  to  and  fro  between  the  Cloch  and  Cumbrae 
Lights,  and  also  made  several  run.s  on  the  measured  mile 
at  Skelmorlie,  from  which  the  mean  speed  of  the  vessel 
was  found  to  be  14.12  knots  per  hour.  The  remarkably 
high  results  obtained  were  most  satisfactory  to  the  repre- 
sentatives of  the  owners,  and  a  large  party  of  experts  on 
board  congratulated  Mr.  Hovvden  on  the  successful  fulfil- 
ment of  the  onerous  guarantees  undertaken. 

While  speaking  of  the  Ohio,  it  may  be  worth  while  to 
give  a  few  particulars  regarding  experience  gained  by  an- 
other ship-owning  firm  with  Howden's  triple-expansion 
engines  and  forced-draft  system.  About  nine  months 
^o,  Robert  Mac^ndrew  &  Co.,  of  London,  had  two 
steamers  built  on  the  Tyne  which  were  exact  duplicates 
of  each  other  in  respect  of  hulls,  engines  and  boilers,  the 
engines  being  of  the  triple-expansion  type,  while  the 
boilers  had  a  working  pressure  of  160  lbs.  per  sq.  in.  At 
sea,  the  engines  gave  out  about  600  L  H.  P.  The  steam- 
ers run  in  the  same  trade,  which  is  between  Hamburg 
and  Barcelona.  In  one  steamer  the  boiler  was  fitted  and 
is  worked  with  Mr.  Howden's  forced  draft,  and  the 
other  is  worked  with  natural  draft.  In  both  cases, 
however,  the  boilers  were  originally  designed  for  working 
with  natural  draft.  Messrs.  MacAndrew  &  Co.  report, 
regarding  the  Churriua,  one  of  the  steamers,  that,  after 
she  had  worked  for  seven  or  eight  months  as  at  first 
fitted,  she  was  supplied  with  the  forced-draft  appli- 
ances, which  enabled  her  to  perform  the  round  voyage 
from  Hamburg  to  Barcelona  and  back  on  207  tons  of 
coal,  while  her  sister  ship,  the  Gravina,  under  the  same 
conditions,  required  264  tons  of  coal  for  the  same  run  ; 
so  that  the  saving  by  using  the  forced  draft  was  nearly 
22  per  cent.  Howden  &  Co.  are  just  completing  two  sets 
of  engines  of  1,200  I.  H.  P.  each  for  MacAndrew  &  Co., 
the  boilers  being  arranged  for  working  on  the  forced- 
draft  system. 

The  Electric  Current  as  a  Means  of  Increasing  and  Vary- 
ing the  Tractive  Adhesion  of    Railroad  Motors  and 
Other  Rolling  Contracts. 


The  object  of  this  paper  is  to  lay  before  you  the  re- 
sults of  some  recent  experiments  in  a  comparatively  new 
field  of  operation,  but  one  that,  judging  from  the  results 
already  attained,  is  destined  to  become  of  great  import- 
ance and  value  in  its  practical  application  to  various 
branches  of  industry. 

I    say   "comparatively  new."   because  the  underlying 


principles  involved  in  the  experiments  referred  to  have  to 
a  certain  extent  been  employed  (in,  however,  a  somewhat 
restricted  sense)  for  purposes  analagous  to  those  that 
form  the  basis  of  this  communication. 

As  indicated  by  the  title,  the  subject  that  will  occupy 
our  attention  is  the  uae  of  the  electric  current  as  a  means 
of  increasing  and  varying  the  frictional  adhesion  of  rolling 
contacts  and  other  rubbing  surfaces,  and  it  is  proposed 
to  show  how  this  effect  may  be  produced  both  by  means 
of  the  direct  action  of  the  current  itself,  and  by  its  indi- 
rect action  through  the  agency  of  electro-magnetism. 

Probably  the  first  instance  in  which  the  electric  current 
was  directly  employed  to  vary  the  amount  of  friction 
between  two  rubbing  surfaces  was  exemplified  in  Edison's 
electro-motograph,  in  which  the  variations  in  the  strength 
of  a  telephonic  current  caused  corresponding  variations 
in  friction  between  a  revolving  cylinder  of  moistened 
chalk  and  the  free  end  of  an  adjustable  contact  arm 
whose  opposite  extremity  was  attached  to  the  diaphragm 
of  the  receiving  telephone.  This  device  was  extremely 
sensitive  to  the  least  changes  in  current  strength,  and  if 
it  were  not  for  the  complication  introduced  by  the  revolv- 
ing cylinder  it  is  ver\'  likely  that  it  would  to-day  be  in 
more  general  use. 

It  has  also  been  discovered,  more  recently,  that  in  the 
operation  of  electric  railroads,  in  which  the  track-rails 
form  part  of  the  circuit,  a  considerable  increase  in  the 
tractive  adhesion  of  the  driving-wheels  is  manifested, 
due  to  the  passage  of  the  return  current  from  the  wheels 
into  the  track.  In  the  Baltimore  &  Hampden  electric 
railroad,  using  the  Daft  "  third-rail  "  system,  this  in- 
creased tractive  adhesion  enables  the  motors  to  ascend 
without  slipping  a  long  grade  of  350  ft.  to  the  mile, 
drawing  two  heavily  loaded  cars,  which  result,  it  is 
claimed,  is  not  attainable  by  steam  or  other  self-propelling 
motors  of  similar  weight.  In  the  two  instances  just  cited, 
the  conditions  are  widely  different  as  regards  the  nature 
of  the  current  employed,  the  mechanical  properties  of 
the  surfaces  in  contact  and  the  electrical  resistance  and 
working  conditions  of  the  respective  circuits.  In  both, 
however,  as  clearly  demonstrated  by  the  experiments 
hereinafter  referred  to,  the  cause  of  the  increased  friction 
is  substantially  the  same. 

In  order  to  ascertain  the  practical  value  of  the  electric 
current  as  a  means  of  increasing  mechanical  friction,  and, 
if  possible,  to  render  it  commercially  and  practically  use- 
ful wherever  such  additional  friction  might  be  desirable, 
as  for  example  in  the  transmission  of  power,  etc.,  a  series 
of  experiments  were  entered  into  by  the  author,  which, 
though  not  yet  fully  completed,  are  sufficiently  advanced 
to  show  that  an  electric  current,  when  properly  applied, 
is  capable  of  very  materially  increasing  the  mechanical  fric- 
tion of  rotating  bodies,  in  some  cases  as  much  as  from  50  to 
100  per  cent.,  with  a  very  economical  expenditure  of  cur- 
rent ;  this  increase  depending  upon  the  nature  of  the 
substances  in  contact  and  being  capable  of  beiig  raised 
by  an  increased  flow  of  current. 

Before  entering  into  a  description  of  the  means  by 
which  this  result  is  produced,  and  how  it  is  proposed  to 
apply  this  method  practically  to  railroad  and  other  pur- 
poses it  may  be  well  to  give  a  general  outline  of  what  has 
so  far  been  determined.  These  experiments  have  shown 
that  the  co-efficient  of  friction  between  two  conducting 
surfaces  is  very  much  increased  by  the  passage  there- 
through of  an  electric  current  of  low  electro-motive  force 
and  large  volume,  and  this  is  especially  noticeable  be- 
tween two  rolling  surfaces  in  peripheral  contact  with  each 
other,  or  between  a  rolling  and  a  stationary  surface,  as  in 
the  case  of  a  driving-wheel  running  upon  a  railroad  rail. 
This  effect  increases  with  the  number  of  amperes  of  cur- 
rent flowing  through  the  circuit  of  which  the  two  surfaces 
form  part  and  is  not  materially  affected  by  the  electro- 
motive force  so  long  as.  the  latter  is  sufficient  to  overcome 
the  electrical  resistance  of  the  circuit.  This  increase  in 
frictional  adhesion  is  principally  noticeable  in  iron,  steel 
and  other  metallic  bodies  and  is  probably  due  to  a  mole- 
cular change  in  the  conducting  substances  at  their  point 
of  contact  I  which  is  also  the  point  of  greatest  resistance 
in  the  circuit),  caused  by  the  heat  developed  at  that 
point.     This  heat  is  ordinarily  imperceptible  and  becomes 
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apparent  only  when  the  current's  strength  is  largely  aug- 
mented, it  is.  therefore,  possible  that  a  portion  of  this 
increased  tractive  adhesion  is  due  directly  to  the  current 
itself,  aside  from  its  heating  effect,  although  I  have  not 
as  yet  been  able  to  ascertain  this  definitely.  The  most 
economical  and  elVicient  results  have  been  obtained  by  the 
employment  of  a  transformed  current  of  e.\tremely  low 
electro- motive  force  (between  one-half  and  one  voltl,  but 
of  very  large  volume  or  quantity,  this  hitter  being  variable 
at  will  so  as  to  obtain  different  degrees  of  frictional  resist- 
ance in  the  substances  under  observation. 

These  experiments  were  originally  directed  mainly 
tow.ird  an  endeavor  to  increase  the  tractive  adhesion  of 
the  driving-wheels  of  locomotives  and  other  vehicles,  and 
to  utilize  the  electric  current  for  this  purpose  in  such  a 
manner  as  to  render  it  entirely  safe,  practical  and  eco- 
nomical. It  will  be  apparent  at  once  that  a  method  of 
increasing  the  tractive  power  of  the  present  stea.-n  loco- 
motives by  more  than  50  per  cent,  (without  adding  to 
their  weight  and  without  injury  to  the  roadbed  and 
wheel  tires  such  as  caused  by  the  sand  now  commonly 
used)  would  prove  of  considerable  value,  and  the  same 
holds  true  with  respect  to  electrically  propelled  street- 
cars, especially  as  it  has  been  found  exceedingly  difficult 
to  secure  sufficient  tractive  adhesion  on  street-railroads 
during  the  winter  season,  as  well  as  at  other  times,  on 
roads  having  grades  of  more  than  ordinary  steepness.  As 
this,  therefore,  is  probably  the  most  important  use  for 
this  application  of  the  electric  current  it  has  been  selected 
for  illustrating  this  paper. 

I  have  here  a  model  car  and  track  arranged  to  show  the 
equipment  and  operation  of  the  system  as  applied  to 
railroad  motors.  The  current  in  the  present  instance  is 
one  of  alternating  polarity,  which  is  converted  by  this 
transformer  into  one  having  the  required  volume.  The 
electro-motive  force  of  this  secondary  current  is  some- 
what higher  than  that  necessary.  In  practice  it  would  be 
about  half  a  volt.  You  will  notice  upon  a  closer  inspec- 
tion that  one  of  the  forward  driving-wheels  is  insulated 
from  its  axle,  and  the  transformed  current,  after  passing 
through  a  regulating  switch  under  the  control  of  the 
engineer  or  driver,  goes  to  this  insulated  wheel,  from 
which  it  enters  the  track-rail,  then  through  the  rear  pair 
of  driving-wheels  and  axle  to  the  opposite  rail  and  flows 
up  through  the  forward  uninsulated  wheel,  from  the  axle 
of  which  it  returns  by  way  of  a  contact  brush  to  the  op- 
posite terminal  of  the  secondary  coil  of  the  transformer. 
Thus  the  current  is  made  to  flow  seriatint  through  all 
four  of  the  driving-wheels  completing  its  circuit  through 
that  portion  of  the  rails  lying  between  the  two  axles,  and 
generating  a  sufficient  amount  of  heat  at  each  point  of 
contact  to  produce  tiic  molecular  change  before  referrea 
to.  Bv  means  of  the  regulating  switch  the  engineer  can 
control  the  amount  of  current  flowing  at  any  time,  and 
can  even  increase  its  strength  to  such  an  extent  in  wet  or 
slippery  Weather  as  to  evaporate  any  moisture  that  may 
adhere  to  the  surface  of  the  rails  at  the  point  ol  contact 
with  the  wheels,  while  the  locomotive  or  motor  car  is 
under  full  speed. 

It  will  be  apparent  that,  inasmuch  as  the  traction  cir- 
cuit moves  along  with  the  locomotive  and  is  complete 
through  its  driving-wheel  base,  the  track  rails  in  front  and 
rear  of  the  same  are  at  all  times  entirely  free  from  cur- 
rent, and  no  danger  whatever  can  occur  by  coming  in 
contact  with  the  rails  between  successive  motors.  More- 
over, the  potential  used  in  the  present  arrangement, 
while  sullicient  to  overcome  the  extremely  low  resistance 
of  the  moving  circuit,  is  too  small  to  cause  an  appreciable 
loss  of  current  from  that  portion  of  the  rails  in  the  cir- 
cuit, even  under  the  most  unfavorable  conditions  of  the 
weather.  In  practice  the  primary  current  necessary  is  pre- 
ferably generated  by  a  small  high-speed  alternating  dyna- 
mo on  the  locomotive,  the  current  being  converted  by 
means  of  an  inductional  transformer  similar  in  construc- 
tion to  the  one  here  shown.  To  avoid  the  necessity  for 
electrically  bridging  the  rail-joints,  a  modified  arrangement 
may  be  employed,  in  which  the  electrical  connection  is 
made  directly  with  a  fixed  collar  on  the  forward  and  rear 
driving-axles,  the  current  dividing  itself  in  parallel  be- 
tween the  two  rails  in  such  a  manner  that    if  a  defective 


joint  exist  in  the  rail  at  one  side  the  circuit  is  still  com- 
plete through  the  rail  on  the  other,  and  as  the  rails 
usually  break  joints  on  opposite  sides  this  arrangement 
is  found  very  effective.  The  insulation  uf  the  driving- 
wheels  is  very  effective  in  either  case. 

As  the  amount  of  additional  tractive  adhes'on  pro- 
duced depends  on  the  quantity  of  current  flowing,  ri.her 
than  upon  its  pressure,  the  reason  for  transforming  the 
current,  as  described,  will  be  apparent,  and  its  advantages 
over  a  direct  current  of  higher  tension  and  less  quantity, 
both  from  an  economical  and  practical  standpoint,  will, 
for  this  reason,  be  clear.  The  amount  of  heat  produced 
at  the  point  of  contact  between  the  wheels  and  rails  is 
never  large  enough  to  injure  or  otherwise  affect  them,  al- 
though it  may  be  quite  possible  to  increase  the  current 
sufficiently  to  produce  a  very  considerable  heating  effect. 
The  amount  of  current  sent  through  the  traction  circuit 
will,  of  course,  vary  with  the  requirements,  and,  as  the 
extent  to  which  the  resistance  to  slipping  may  be  in- 
creased IS  very  great,  this  method  is  likely  to  prove  of 
considerable  value.  While,  in  some  cases,  the  use  of  such 
a  method  of  increasing  the  tractive  power  of  locomotives 
would  be  confined  to  ascending  gradients  and  the  move- 
ment of  exceptionally  heavy  loads,  in  others  it  would 
prove  useful  as  a  constant  factor  in  the  w-ork  of  transporta- 
tion. In  cases  like  that  of  the  New  York  lilevated  Rail- 
road system,  for  example,  where  the  traffic  during  ccriain 
hours  is  much  beyond  the  capacity  of  the  trains,  and  the 
structure  unable  to  support  the  weight  of  heavier  engines, 
a  system  like  that  just  described  would  prove  of  very 
great  benefit,  as  it  would  easily  enable  the  present  engines 
to  draw  two  or  three  additional  cars  with  tar  less  slipping 
and  loss  to  motion  than  is  the  case  when  mechanical 
friction  and  weight  alone  is  relied  upon  at  a  cost  for 
tractive  current  that  is  insignificant  compared  to  the  ad- 
vantages gained.  Other  cases  may  be  cited  in  which  this 
method  ot  increasing  friction  will  probably  be  found  use- 
ful, aside  from  its  application  to  railroad  purposes,  but 
these  will  naturally  suggest  themselves  and  need  not  be 
further  dwelt  upon. 

In  the  course  of  the  experiments  above  described, 
another  and  somewhat  different  method  ot  increasing  the 
traction  of  railroad  motors  has  been  devised,  which  is 
more  particularly  adapted  to  electric  motors  for  street 
railroads,  and  is  intended  to  be  used  in  connection  with 
a  system  of  electric  street  railroads  now  being  developed 
by  the  author.  In  this  system  electro-magnetism  pro- 
vides the  means  whereby  the  increase  in  tractive  adhesion 
is  produced,  and  this  result  is  obtained  in  an  entirely  novel 
manner.  Several  attempts  have  heretofore  been  made  to 
utilize  magnetism  for  this  purpose,  but  apparently  with- 
out success,  chiefly  because  of  the  crude  ani  imperfect 
manner  in  which  most  of  these  attempt.s  have  been  carried 
out.  The  present  system  owes  its  efliciency  to  the 
formation  of  a  complete  and  constant  closed  magnetic 
circuit,  moving  with  the  vehicle  and  completed  through 
the  two  driving-axles,  wheels  and  that  portion  of  the 
track-rails  lying  between  the  two  pairs  of  wheels,  in  a 
manner  similar  to  that  employed  in  the  electrical  method 
before  shown.  We  have  here  a  model  of  a  second  motor- 
car equipped  with  the  apparatus  mounted  on  a  section  of 
track  and  provided  with  means  for  measuring  the  amount 
of  tractive  force  exerted  both  with  and  without  the  pas- 
sage of  the  current. 

You  will  notice  that  each  axle  of  the  motor-car  is  wound 
with  a  helix  of  insulated  wire,  the  helices  in  the  present 
instance  being  divided  to  permit  the  attachment  to  the 
axles  of  the  motor  connections.  The  helices  on  both  axles 
are  so  connected  that  when  energized  they  induce  mag- 
netic lines  of  force  that  flow  in  the  same  direction  through 

!  the  magnetic  circuit.  There  are,  therefore,  four  points  at 
which  the  circuit  is  maintained  closed  by  the  rolling 
wheels,  and  as  the  resistance  to  the  lines  of  force  is  great- 
est at  these  points,  the  magnetic  saturation  there  is  most 
intense  and  produces  the  most  effective  results  just  whete 
it  is  most  required.  Now,  when  the  battery  circuit  is 
closed  through  the  helices,  it  will  be  observed  that  the 
torque  or  pull  exerted  by  the  motor-car  is  fully  twice  that 
exerted  by  the  motor  with   the  traction  circuit  open,  and 

,    by    increasing  the  battery   current  until    the    saturatiim 
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point  of  the  iron  is  reached  the  tractive  force  is  increased 
.as  shown  by  the  dynamometer.  A  large  portion  of  this 
resistance  to  the  slipping  or  skidding  of  the  driving- 
wheels  is  undoubtedly  due  to  direct  magnetic  attraction 
between  the  wheels  and  tracli.  this  attraction  dcpcndmg 
upon  the  degree  of  magnetic  saturation  and  the  relative 
mass  or  metal  involved,  but  by  far  tlie  greater  propor- 
tion of  tlie  increased  friction  is  purely  tlie  result  of  the 
■change  in  position  of  the  iron  molecules  due  to  the  well- 
known  action  of  magnetism,  which  causes  a  direct  and 
close  interlocking  action,  so  to  speak,  between  the  mole- 
cules of  the  two  surfaces  in  contact.  This  may  be  illus- 
trated by  drawing  a  very  thin  knife-blade  over  the  poles 
of  an  ordinary  electro-magnet,  first  with  the  current  on 
and  then  olT. 

In  the  model  before  you  the  helices  are  fixed  firmly  to 
and  revolve  with  the  a.\les,  the  connections  being  main- 
tained by  brushes  bearing  upon  contact  rings  at  each  end 
of  the  helices.  If  desired,  however,  the  a.xles  may  revolve  ! 
loosely  within  the  helices,  and  instead  of  the  latter  being  j 
connected  for  cumulative  effects,  as  illustrated,  they  may 
be  arranged  in  other  ways  so  as  to  produce  either  conse- 
quent or  opposing  magnetic  forces,  leaving  certain  por- 
tions of  the  circuit  neutral  and  concentrating  the  lines  of 
force  wherever  they  may  be  most  desirable.  Such  a  dis- 
position will  prove  an  advantage  in  some  cases. 

The  amount  of  current  required  to  obtain  this  increased 
adhesion  in  practice  is  extremely  small,  and  may  be  en- 
tirely neglected  when  compared  to  the  great  benefit 
derived.  The  system  is  very  simple  and  inexpensive,  and 
the  amount  of  traction  secured  is  entirely  within  the  con- 
trol of  the  motor-man  as  in  the  electric  system.  It  will 
be  seen  that  the  car  here  will  not,  with  the  traction  circuit 
-open,  propel  itself  up  hill  when  one  end  of  the  track  is 
raised  more  than  5  in.  above  the  table,  bat  with  the  cir- 
cuit energized,  will  readily  ascend  the  track  as  you  now 
see  it,  with  one  end  about  13  in.  above  tlie  other  in  a 
length  of  3  ft.,  or  the  equivalent  of  a  40  per  cent,  grade, 
and  this  could  be  increased  still  further  if  the  motor  had 
power  enough  to  propel  itself  against  the  force  of  gravity 
on  a  steeper  incline,  as  you  will  notice  the  motor  adheres 
very  firmly  to  the  track  and  requires  a  considerable  pull 
to  force  it  down  this  grade,  whereas  with  the  traction  cir- 
cuit open,  it  slips  down  in  very  short  order,  notwith- 
standing the  efforts  of  the  driving  mechanism  to  force  it 
up. 

The  resistance  of  the  helices  on  this  model  is  less  than 
two  ohms,  and  this  will  scarcely  be  exceeded  when 
applied  to  a  full-sized  car,  the  current  from  two  or  three 
cells  of  secondary  battery  being  probably  sufficient  to 
energize  them. 

The  revolutions  of  the  driving-axles  are  not  interfered 
with  in  the  slightest,  the  former,  because  the  axle-boxes 
are  outside  the  path  of  the  lines  of  force,  and  the  latter, 
because  each  wheel  practically  forms  a  single  pole-piece, 
and  in  revolving  presents  a  continuously  new  point  of 
contact  of  the  same  polarity  to  the  rail,  the  riow  of  the 
lines  of  force  being  most  intense  through  the  lower  half 
of  the  wheels,  and  on  a  perpendicular  line  connecting  the 
■center  of  the  axle  with  the  rail.  In  winter  all  that  is 
necessary  is  to  provide  the  motor-car  with  a  suitable 
brush  for  clearing  the  rails  sufficiently  to  enable  the 
wheels  to  make  good  contact  therewith,  and  any  tendency 
to  slipping  or  skidding  may  be  effectually  checked.  By 
this  means  it  is  easily  possible  to  increase  the  tractive 
adhesion  of  an  ordinary  railroad  motor  from  50  to  100 
per  cent,  without  any  increase  in  the  load  or  weight  upon 
the  track,  for  it  must  be  remembered  that  even  that  por- 
tion of  the  increased  friction  due  to  direct  attraction  does 
not  increase  the  weight  upon  the  road-bed,  as  this  at- 
traction is  mutual  between  the  wheels  and  the  track-rails; 
and  if  this  car  and  track  were  placed  upon  a  scale  and  the 
circuit  closed,  it  would  not  weigh  a  single  ounce  more 
than  w-ith  the  circuit  open. 

It  is  obvious  that  this  increase  in  friction  between  two 
moving  surfaces  can  also  be  applied  to  check  a?  well  as 
augment  the  tractive  power  of  a  car  or  train  of  cars,  and 
I  have  shown,  in  connection  with  this  model,  a  system  of 
braking  that  is  intended  to  be  used  in  conjunction  with 
the  clcLtro-magnetic  traction  system  just  described,  '^"cu 


will  have  noticed  that  in  the  experiments  with  the  traction 
circuit  the  brake-shoes  here  have  remained  idle,  that  is  to 
say,  they  have  not  been  attracted  to  the  magnetized 
wheels.  This  is  because  a  portion  of  the  traction  current 
has  been  circulating  around  this  coil  on  the  iron  brake- 
beam,  inducing  in  the  brake-shoes  magnetism  of  like 
polarity  to  that  in  the  wheels  to  which  they  apply.  They 
have,  therefore,  been  repelled  from  the  wheel-tires  instead 
of  being  attracted  to  them.  Suppose  now  that  it  is 
desired  to  stop  the  motor-car;  instead  of  applying  the 
traction  circuit,  the  current  flowing  through  the  helices 
is  simply  reversed  by  means  of  the  pole-changing  switch, 
whereupon  the  axles  are  magnetized  in  the  opposite 
direction,  and  the  brake-shoes  are  instantly  drawn  to  the 
wheels  with  a  very  great  pressure,  as  the  currents  in  the 
helices  and  the  brake-coil  now  assist  each  other  in  setting 
up  a  very  strong  magnetic  flow,  sufficient  to  bring  the 
motor-car  almost  to  an  instant  stop,  if  desired. 

The  same  tractive  force  as  has  previously  been  applied 
to  increase  the  track  adhesion  now  exercises  its  influence 
upon  the  brake-shoes  and  wheels,  with  the  result  of  not 
only  causing  a  very  powerful  pressure  between  the  two 
surfaces,  due  to  the  attractive  force,  but  also  offering  an 
extremely  large  frictional  resistance,  by  virtue  ol  the 
molecular  interlocking  action  before  referred  to— part 
traction  and  part  braking. 

The  method  just  described  is  equally  applicable  to  in- 
crease the  co-efficient  of  friction  in  apparatus  for  the 
transmission  of  power,  its  chief  advantage  for  this  purpose 
being  the  ease  and  facility  with  which  the  amount  of  fric- 
tion of  two  wheels  can  be  varied  to  suit  different  require- 
ments, or  increased  or  diminished  (either  automatically 
or  manually),  according  to  the  nature  of  the  work  being 
done.  With  soft  iron  contact  surfaces,  the  variation  in 
friction  is  very  rapid  and  sensitive  to  slight  changes  in 
current  strength,  and  this  fact  may  prove  of  value  in  con- 
nection with  its  application  to  regulating  and  measuring 
apparatus.  In  all  cases  the  point  to  be  observed  is  to 
maintain  a  closed  magnetic  circuit  of  low  resistance 
through  the  two  or  more  surfaces,  the  friction  of  which  it 
is  desired  to  increase,  and  the  same  rule  holds  good 
with  respect  to  the  electric  system,  except  that  in  the 
latter  case  the  best  effects  are  obtained  when  the  area  of 
surface  in  contact  is  smallest.  For  large  contact  areas 
the  magnetic  system  is  found  to  be  most  economical,  and 
this  system  might  possibly  be  used  to  advantage  to  pre- 
vent slipping  of  short  wire  ropes  and  belts  upon  their 
driving-pulleys  (in  cases  where  longer  belts  are  inapplic- 
able), such  as  in  the  driving  of  dynamos  and  other 
machinery. 

Experiments  have  also  been  and  are  still  being  made 
with  the  object  of  increasing  friction  by  means  of  perma- 
nent magnetism,  and  also  with  a  view  to  «'/«//««///>(?•  the 
friction  of  revolving  and  other  moving  surfaces,  the 
results  of  which  will  probably  form  the  subject  matter  of 
a  subsequent  paper. 

Enough  has  been  said  to  indicate  that  the  development 
of  these  two  methods  of  increasing  mechanical  friction 
opens  up  a  new  and  extensive  field  of  operation,  and 
'  enables  electricity  to  score  another  important  point  in  the 
'  present  age  of  progress.  The  great  range  and  flexibility 
of  this  method  peculiarly  adapt  it  to  the  purposes  we 
have  considered,  and  to  numerous  others  that  will,  doubt- 
less, suggest  themselves  to  you.  Its  application  to  the 
increase  of  the  tractive  adhesion  of  railroad  motors  is 
probably  its  most  prominent  and  valuable  feature  at  pres- 
ent, and  is  calculated  to  act  as  an  important  stimulus 
to  the  practical  introduction  of  electric  railroads  in  our 
city  streets,  inasmuch  as  the  claims  heretofore  made  for 
cable  traction  in  this  respect  are  now  no  longer  e.xclu- 
sively  its  own.  On  trunk-line  railroads  the  use  of  sand 
and  other  objectionable  traction-increasing  appliances 
I  will  be  entirely  dispensed  with,  and  locomotives  will  be 
enabled  to  run  at  greater  speeds  with  less  slipping  of  the 
wheels  and  less  danger  of  derailment.  Their  tractive 
power  can  be  nearly  doubled  without  any  increase  in 
weight,  enabling  them  to  draw  heavier  trains  and  sur- 
mount steeper  grades  without  imposing  additional  weight 
or  strain  on  bridges  and  other  parts  of  the  road-bed. 
Inertia  of   heavy  trains  can    be    more    readily  overcome, 
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loss  of  time  due  to  slippery  tracks  obviated,  and  the 
m  )mentuni  of  a  train  at  full  speed  almost  instantly 
checked  by  one  and  the  same  means. 


The  Fu'.ure  of  Electrical  Transportation. 

(  Krom  the  E/.clrhlttn  ami  Elt  Iricil  Eiixiiir.r.) 

The  application  of  electricity  as  a  motive  power  for 
railroad  trains,  the  earliest  conception  of  whicli  appear.s 
to  be  due  to  that  eccentric  genius,  Henry  Pinkus.  "  late 
of  Pennsylvania,  in  the  United  States  of  America,  gen- 
tleman." who  nourished  in  London  circa  1840,  has  appar- 
ently passed  through  its  preliminary  e.\perinicntal  period, 
as  exemplified  by  the  work  of  Siemens  at  Berlin.  Kdison 
at  Meilo  Park,  Finney  at  Pittsburgh,  and  Field  at  Chi- 
cago, and  has  now  reached  the  stage  of  a  somewhat  ex- 
tended practical  development.  This  era  in  the  progress 
of  the  art  may  be  said  to  have  commenced  with  the  Lich- 
terfelde  line  of  Siemens,  opened  May  16,  iSSi.  which  was 
followed  by  the  Portrush  line,  September  30,  18S2,  and 
these  two  by  many  others,  as  given  in  Mr.  Martin's  table 
recently  published.  At  tlie  present  moment  a  glance  at 
the  technical  journals  is  sufficient  to  show  that  electric 
railroad  enterprises  are  springing  up  like  mushrooms  in 
every  direction,  both  in  tins  country  and  abroad. 

It  may  not  be  uninteresting  at  the  present  juncture  to 
attempt  to  forecast  some  of  the  probabilities  of  the  future- 
development  of  eleciric  transportation,  in  the  light  of 
what  has  already  been  accomplished. 

In  one  field,  that  of  surface  street  railroads,  the  univer- 
sal employment  of  the  electric  motor  is  without  doubt 
only  a  question  of  time,  and  not  a  very  long  time  either. 
The  practical  success  which  has  everywhere  attended  the 
introduction  even  of  the  comparatively  crude  methods 
and  apparatus  at  present  in  use  are  a  sufficient  evidence 
of  the  ultimate  fulfilment  of  the  prophecy.  Even  the 
ingenious  and  efficient,  though  expensive,  cable  system  is 
certainly  destined  to  follow"  the  patient  plodding  horse 
into  the  limbo  of  superseded  and  obsolete  street-car 
motors. 

The  next  field  to  be  occupied  is  that  of  the  elevated 
and  other  city  and  suburban  rapid  transit  passenger  lines. 
This  undertaking  is  a  far  more  diffi:ult  one,  but  its  accom- 
plishment may,  in  our  opinion,  be  looked  for  at  no  distant 
day.  The  conditions  of  the  problem  have  been  thoroughly 
mastered,  the  obstacles  to  be  met  with  are  sufficiently  well 
appreciated  and  understood,  and  meanwhile  several  of 
the  ablest  practical  electricians  of  the  day  are  devoting 
their  best  energies  to  the  subject.  No  less  than  4 
electric  locomotives  designed  for  this  class  of  service  are 
under  construction  by  different  parties  at  the  present 
time,  and  we  shall  be  much  disappointed  if  one  or  more 
of  them  does  not,  upon  trial,  give  sufficiently  favorable 
results  to  render  the  future  success  of  electric  traction  on 
railways  of  this  class  an  assured  success.  The  reliel  to 
the  public  in  being  freed  from  the  annoyance  of  steam, 
s-noke  and  cinders,  and  in  great  measure  of  noise  as  well, 
will  be  incalculable,  while  the  probable  resulting  economy 
in  operating  expenses,  although  in  our  opinion  consider- 
ably overestimated  by  sanguine  inventors,  will,  neverthe- 
less, be  suflicient  to  render  the  change  a  profitable  one  to 
the  owners  of  the  roads. 

.\nother  field,  and  one  in  which  the  clectro-locoinotive 
o  the  future  may  be  expected  to  achieve  its  greatest 
triumphs,  is  that  of  rapid  passenger  iraflSc  between  our 
chief  commercial  centers.  Steam  locomotion,  so  far  as 
speed  is  concerned,  has  practically  reached  its  limit.  The 
unavoidable  restrictions  of  bulk  and  weight  forbid  any 
material  increase  in  the  power  of  the  express  locomotive 
of  to-day.  No  such  restricti  ns  apply  to  the  electric 
engine.  The  amount  of  power  which  by  this  means  it  is 
possible  to  apply  to  the  axles  of  an  ordinary  train  without 
materially  increasing  its  weight,  may,  without  exaggera- 
tion, be  said  to  be  almost  limitless.  We  believe  that  the 
rapid  transit  railroad  of  the  future  will  have  its  trains  pro- 
pelled bv  electricity;  it  will  be  straight,  as  the  crow  flies; 
it  will  follow  the  topographical  undulations  of  the  country 
almost  regardless  of  grades,  and  its  trains  will  attain  a 
speed  of  more  than  loo  miles  per  hour  with  safety.     With- 


I  out  doubt,  this  may  be  looked  forward  to  as  the  ne.\t 
great  step  in  the  progressive  improvement  of  the  art  of 
transportation. 

It  remains  to  speak  of  another  development  of  electric 
transport,  which  for  some  occult  reason  has  failed,  at  least 
in  this  country,  to  attract  the  attention  that  its  importance 
deserves— the  telpher  system. 

This  ingenious  invention,  although  apparently  perfectly 
successful  at  (llyndc,  ICngland,  where  it  has  been  for  quite 
a  long  time  in  practical  operation,  can  be  expected  to 
have  but  a  limited  field  of  usefulness  in  the  land  of  its 
nativity,  compared  with  that  which  awaits  it  in  the  rugged 
and  mountainous  regions  of  our  western  mining  States,  10 
say  nothing  of  the  vast  undeveloped  territories  of  Mexico 
and  Central  and  South  America. 

We  have  thus  brielly  indicated  some  of  the  probable 
future  lines  of  development  of  electric  transportation. 
Doubtless  many  others  will  discover  themselves  from  time 
to  time,  as  the  ceaseless  march  of  improvement  goes  on  ; 
but  what  the  ultimate  outcome  will  be  is  scarcely  less 
difficult  of  prediction  at  the  present  moment  than  it  was 
in  the  days  of  "  Henry  Pinkus,  of  Pennsylvania, '  now 
almost  half  a  century  ago. 


Coal  Production  in  Russi, 
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In  Russia  a  further  rise  in  the  duty  on  iron  is  impend- 
ing, and  the  owners  of  the  Donetz  coal  mines  have  also 
the  prospect  that  further  taxes  will  be  imposed  on  foreign 
coal. 

The  output  of  Russian  coal  in  1S60  amounted  to  10,- 
000.000  poods  (about  164.000  tons),  whereas  it  increased 
in  1885  to  262,000,000  poods  (about  4,360,000  tonsi,  of 
which  the  Donetz  District  mined  about  2,000.000  tons,  the 
Perm  District  about  250,000,  Poland  1,300,000,  Moscow 
500.000,  and  the  Killo  District  the  balance. 

Notwithstanding  this  enormous  increase,  the  produc- 
tion of  coal  in  Russia  only  amounts  to  0.3  per  cent,  of  the 
total  output  of  the  seven  leading  countries  of  the  world. 

The  production  of  coal  being  so  small  in  Russia,  one 
would  ihink  that  it  would  be  a  staple  article,  and  that 
the  mines  in  the  Caucasus,  the  Ural.  Siberia,  I'urkestan, 
etc..  could  be  advantageously  worked;  but  such  is  not  the 
ca-e.  as  the  output  ol  the  Donetz  fSasin  of  2,000000  tons, 
which  consists  of  nearly  40  per  cent,  of  anthracite,  partly 
remains  unsold.  In  the  years  1883  and  1884.  nearly  15 
per  cent,  of  the  output  remained  unsold ;  nevertheless 
several  million  fathoms  of  wood  are  annually  burned. 

In  order  to  stop  the  importation  of  English  coal  a  duty 
of  2  copecks  per  pood  (about  70  cents  per  ton)  in  gold  was 
petitioned  for  and  granted  for  the  ports  of  the  Black  Sea, 
and  yi  copeck  per  pood  for  the  ports  of  the  Baltic;  but 
this  had  not  the  desired  effect.  The  English  coal  could 
not  be  displaced,  and  a  higher  duty  was  necessary.  Three 
copecks  were  granted  forlhe  Black  Seaports;  but  even 
this  duty  does  not  displace  the  English  coal  from  these 
ports.  Now  it  is  proposed  to  further  raise  the  duty  to 
3>2  copecks  from  the  Black  Sea  potts  and  2  copecks'  for 
the  ports  of  the  Baltic.  Probably  this  higher  duty  will 
not  have  the  desired  effect,  because,  according  to  the 
Riga  and  Odessa  Exchange  Committee  and  the  Moscow 
Technical  Society,  the  Donetz  coal  is  inferior  to  the 
English  and  German  ;  moreover,  the  cost  of  producing 
or  mining  the  coal  is  greater  than  is  the  case  in  the  last- 
named  countries.  Russia  is  still  very  backward  with  its 
techni'.al  contrivances  in  mining. 

Mr.  Radzig  is  of  the  opinion  that  a  further  advance  in 
the  duty  on  coal  for  the  ports  of  the  Black  Sea  would  be 
detrimental  to  agriculture  in  the  South.  Respecting  a 
higher  duty  for  the  Baltic  ports,  the  consumption  of  coal 
at  Moscow  would  decrease  rapidly. 

At  the  present  prices  of  22  to  23  copecks  per  pood  the 
consumption  of  coal  at  Moscow  does  not  exceed  10,000,- 
ooo  poods,  as  many  manufacturing  industries  burn  wood, 
and  a  higher  duty  would  compel  all  other  industries  to 
use  the  same  fuel,  while  the  Donetz  coal  owners  would 
certainly  not  profit  by  it  Moscow,  with  the  surrounding 
country,  consumes  annually  about    1,000,000  fathoms  of 
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wood,  equal  to  100,000.000  poods  of  coal,  and  the  Donetz 
District  could  not  only  supply  the  manufacturers,  but  also 
the  owners  of  houses  as  well,  if  coal  could  be  had  at 
reasonable  prices,  but  high  prices  would  induce  none  to 
make  a  change. 

linglish  coal,  which  is  far  superior  to  the  Donetz  coal, 
is  diflkult  to  place  at  22  to  23  copecks,  whereas  Donetz 
coal  at  these  prices  would  find  no  purchaser  if  an  in- 
creased duty  should  be  granted. 

In  order  to  augment  the  sales  of  the  Donetz  coal  the 
construction  of  a  railroad  is  contemplated,  which  will  be 
about  60  German  miles  in  length,  the  estimated  cost  of 
which  is  22  000,000  rubles.  Mr.  Radzig  is  of  the  opinion 
that  this  road  will  have  neither  freight  nor  passengers  to 
transport,  and  that  the  sale  of  the  Donetz  coal  can  only 
be  augmented  by  the  projected  canal  which  is  to  connect 
the  Azov  with  the  Black  Sea.  He  writes  that  this  canal 
will  be  built  by  a  French  corporation,  with  a  capital  of 
25,000.000  rubles.  The  Azov  is  very  stormy,  and  is  only 
navigable  about  60  days  in  the  year,  this  being  the  reason 
that  the  cost  of  transportation  of  coal  from  Marinpol  to 
( )dessa  or  Nicolajau  is  high,  namely,  5  to  8  copecks  per 
pood. 

The  transporting  of  coal  from  Marinpol  by  canal  would 
probably  not  exceed  3  to  4  copecks  per  pood,  which  would 
enable  the  Donetz  coal  to  compete  with  the  English 
coal. 

Mr.  Radzig  writes  that  the  Donetz  coal,  because  of  its 
bad  quality,  will  never  be  able  to  compete  with  the  Eng- 
lish article  at  the  Baltic  ports,  and  that  only  by  reducing 
the  railroad  freights  will  it  be  possible  to  open  up  larger 
markets  for  it. 

Russia  has  two  large  manufacturing  centers,  namely, 
Poland  and  Moscow,  with  surrounding  districts.  The 
former  has  good  coal  in  the  vicinity,  which  is  mmed 
mostly  by  Germans.  The  latter  uses  wood,  or  the  dearer 
and  worse  Donetz  coal.  The  ICnglish  coal  cannot  be  ob- 
tained, because  of  the  high  railroad  rates  and  the  in- 
creased duty. 


BREAKAGE   OF   WHEELS    AND  TIRES  ON 
BRITISH    RAILROADS. 

{Cortin„e^  from  /..,s^  ,,b2.-) 

We  continue  below  the  condensed  summary  of  the 
reports  of  the  Board  of  Trade  Inspectors  on  accidents  on 
British  railroads,  resulting  from  breakages  of  wheels  and 
tires.  This  summary  was  begun  in  the  June  number  of 
the  Journal,  and  in  that  number  its  method  and  pur- 
poses were  explained. 

In  the  last  number  the  reports  closed  with  the  year 
1S75;  t-he  present  summary  covers  the  years  1S76-1S81, 
inclusive. 

ACCIDENT    REPORIS. 

February  7.  1S76,  passenger  train  on  London  &  South- 
western road  was  derailed  near  Micheldever.  by  the 
breaking  of  a  tire  under  a  brake-van.  Three  cars  left 
the  rails,  and  a  passenger  was  hurt.  The  tire  broke  into 
six  pieces,  five  of  which  were  scattered  along  the  line, 
while  the  remaining  one  could  not  be  found.  The  tire 
was  of  Bessemer  steel  and  was  put  in  use  in  June,  1873  ; 
it  had  been  turned  down  in  October,  1S74.  It  was  lyi  in. 
thick  on  tread  at  the  time  of  the  accident.  It  was  fastened 
to  the  wheel  on  the  Beattie  system,  having  a  slanting 
dovetail  on  the  outer  side  and  S  clips  on  the  inside.  In 
the  case  of  four  of  the  parts  of  the  tire  hammered  down 
over  the  clips,  the  portions  hammered  down  had  been 
broken  away,  while  a  fifth  was  cracked  nearly  through. 
One  of  the  breaks  showed  an  old  flaw  extending  over 
about  one-third  of  the  section.  In  this  case  the  wheel- 
center  also  broke,  one-half  the  rim  and  three  spokes 
having  been  broken  oft".  The  Inspector,  while  admitting 
that  this  system  of  fastening  was  a  decided  advance  on 
the  old  method  of  using  rivets,  says  :  "  The  weakness  of 
this  system  ol  fastening,  which  1  have  previously  had 
occasion  to  point  out,  was  conspicuous  in  this  instance  of 


failure.  The  slanting;  dovetail  at  the  edge  did  not  possess 
the  security  afforded  by  a  squared  shoulder  ;  and  the 
hammered-down  portions  of  the  lip  were  not  strong 
I  enough  to  resist  the  strain  exerted  by  the  tire,  as,  in  flying 
open  on  fracture,  it  escaped  from  the  slanting  surfaces. 
It  is  only  another  proof  that,  as  1  have  often  pointed  out, 
the  best  principles  which  can  be  adopted  in  tire-fasten- 
ings are  those  of  squared  shoulders  and  continuous  clips 
on  both  sides  of  the  tire." 

June  5,  1876.  a  passenger  train  on  the  Great  Eastern 
Railway  was  derailed  near  Edmonton  Junction  by  the 
breaking  of  a  tire  under  the  brake-van.  No  car  left  the 
rails  except  the  van.  A  guard  was  hurt.  The  tire 
was  cast-steel,  had  been  in  use  three  years  and  had  been 
twice  turned  oti.  It  was  originally  2's  in.  thick  on  the 
tread,  and  had,  by  wear  and  turning,  been  reduced  to  i  % 
in.  It  was  secured  to  the  wheel  by  a  lip  on  the  outside 
and  5  screw-bolts,  %  in.  in  diameter,  screwed  from  the 
j  rim  of  the  wheel  to  a  depth  of  }i  in.  into  the  tire.  This 
was  an  old  fastening,  the  company  having  since  adopted 
the  Mansell  fastening  for  its  tires.  The  Inspector  says  : 
•■  The  system  of  tire-fastening  used  on  this  wheel  has  two 
principal  defects  :  i,  The  absence  of  a  continuous  clip 
on  the  outside  of  the  wheel.  2,  The  want  of  a  square 
shoulder  on  the  clip  applied  to  the  inside  of  the  wheel. 
It  is  the  more  necessary  to  draw  attention  to  these  de- 
fects, because  the  locomotive  and  carriage  superintend- 
ents of  some  railroads  are  still  in  the  habit  of  adopting  a 
similar  system  of  fastening  for  the  wheels  of  engines,  as 
well  as  in  some  cases  for  the  wheels  of  vehicles  used  in 
passenger  trains." 

December  17,  1878,  a  brake-van  in  a  passenger  train  on 
the  Midland  Great  Western  (Ireland),  was  derailed  near 
Blanchardstown  by  a  broken  tire.  This  tire  was  of  cru- 
cible steel,  was  two  years  old  and  had  been  worn  down 
from'  2  in.  to  1  V  in.  thick  on  tread.  It  was  42  in.  diameter 
and  was  fastened  tf>  the  wheel-center  by  4  bolts.  It  broke 
into  (our  pieces,  all  of  which  left  the  wheel.  No  cause  is 
assigned  for  the  breakage  other  than  "  the  brittle  state  of 
the  metal  and  hard  condition  of  permanent  way  induced 
by  the  severe  frost." 

December  20,  1878.  locomotive  of  passenger  train  on 
Midland  Great  Western  (Ireland),  was  derailed  near 
Donamore  by  the  breaking  of  the  tire  on  a  driving-wheel. 
The  tire  broke  in  one  place  only  ;  it  did  not  leave  the 
wheel  but  opened  out  about  ^s  in.  at  the  break.  The 
tire  was  of  crucible  steel,  had  been  in  use  7  years  and 
had  run  115,043  miles.  It  was  6  ft.  6  in.  diameter, 
and  had  been  worn  and  turned  down  from  2N  in.  to 
i/s  in.  thick  on  the  tread.  It  was  fastened  to  the 
wheel-center  by  bolts  or  set-screws  passing  through  the 
rim  and  into  the  tire.  It  broke  transversely  through  a 
bolt-hole,  and  no  flaw  being  apparent  at  the  break.  A 
damaged  rail  was  found  in  the  track,  and  it  was  most 
probable,  the  Inspector  thought,  that  the  breakage  of 
the  tire  was  caused  by  striking  this  damaged  rail.  The 
weight  on  the  single  pair  of  drivers  was  i4;'4   tons. 

September  24.  1S80,  a  carriage  in  a  train  on  the  London, 
Brighton  &  South  Coast  road  was  derailed  near  Ford 
Junction  by  the  breaking  of  a  wheel.  This  was  a  Man- 
sell  wheel  with  wooden  center,  and  the  woodwork  broke 
away  entirely  from  the  hub.  The  Inspector  says;  "The 
central  portion  connecting  the  tire  of  the  wheel  with 
the  boss  was  entirely  of  teak-wood,  3 '2  in.  thick,  the  tire 
being  fastened  to  the  wood  by  two  circular  plates  or  rings 
of  wrought-iron,  3  in.  wide  by  -(",.,  in.  thick,  one  on  each 
side,  by  16  bolts  \s  in.  diameter.  The  central  part  of  the 
wood  is  secured  to  a  circularcast-iron  plate.  20  in.  diame- 
ter and  I's  in.  thick,  forming  part  of  the  inside  ol  the 
boss  of  the  wheel,  by  8  bolts  %  in.  diameter,  passing 
through  this  cast-iron  plate,  through  the  ring  and  through 
a  circular  plate  or  ring  of  wrought-iron  5;,  in.  wide  and 
ij,  in.  thick  on  the  opposite  or  outside  of  the  boss  of  the 
wheel,  the  nuts  being  on  the  inner  side."  In  this  case  the 
wood  seemed  to  be  good  and  sound,  but  was  torn  entirely 
away  from  the  hub.  The  cast-iron  plate  was  broken  into 
9  pieces,  but  the  bolts  were  not  broken.  It  was  thoui^ht 
that  the  holes  in  the  wood  had  worn  and  grown  Ir.ose, 
and  that  the  final  break  was  due  to  the  torsion  produced 
by  application  of  the  brakes. 
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The  Inspectors'  general  report  for  the  year  1880,  says  : 
"Of  the  1,238  tires  which  (ailed,  50  were  engine  tires.  50 
tender  tires,  13  carriage  tires,  40  van  tiresand  1,085  wagon 
tires.  Of  these  tires  993  were  of  iron  and  231  of  steel, 
while  in  14  cases  the  material  was  not  stated.  There 
were  50  fastened  to  the  wheel  by  Gibson's  method,  one 
of  which  left  the  wheel  when  it  broke  ;  24  by  Bcattie's 
method,  16  by  Mansell's,  40  by  Urummond's  and  one 
by  Brotherhood's,  all  of  which  remained  on  the  wheels 
when  they  failed;  1,090  were  fastened  to  the  wheel- 
centers  by  bolts  or  rivets,  of  which  10  loft  the  wheels 
when  broken;  17  were  secured  by  other  methods,  none 
of  them  leaving  the  wheels.  There  were  96  tires 
broken  at  rivet-holes,  215  in  the  solid,  13  at  the  weld 
and  914  split  longitudinally  or  bulged. 

In  1 88 1,  again,  no  wheel  or  tire  accidents  were  especially 
reported  on.  The  Inspectors'  general  report  says  :  "Of 
the  1,286  tires  wliich  failed,  66  were  engine  tires,  46 
tender  tires,  8  carriage  tires,  55  brake-van  tires  and  1,1 1 1 
wagon  tires.  Of  the  tires  993  were  of  iron,  293  of  steel ; 
46  of  the  tires  were  fastened  to  the  wheel-centers  by 
Gibson's  patent  method,  21  by  Beattie's  patent,  16  by 
Mansell's  patent.  45  by  Drunimond's  patent,  all  of  which 
remained  on  their  wheels  when  they  failed.  There  were 
1,134  tires  fastened  to  the  wheels  by  bolts  or  rivets,  and  8 
of  these  left  their  wheels  when  they  failed.  In  addition, 
24  tires  were  fastened  by  various  other  methods  and  none 
of  these  left  the  wheels  on  failure.  There  were  13S  tires 
broken  at  rivet-holes,  307  in  the  solid,  7  at  the  weld  and 
834  split  longitudinally  or  bulged. 

In  the  year  1876,  there  were  8S0  breakages  of  tires  and 
74  of  wheels  reported.  In  these  954  accidents,  only  two 
persons  were  injured  and,  as  seen  above,  only  two  of 
the  accidents  were  serious  enough  to  require  investi- 
gation. 

In  the  year  1877,  the  total  number  of  accidents  re- 
ported by  the  railroads  of  the  United  Kingdom,  as  resulting 
from  breakage  of  tires,  was  918  ;  from  breakage  of  wheels, 
37  ;  a  total  of  995  accidents.  That  these  accidents  were 
slight  in  their  nature  is  shown  by  the  fact  that  in  the 
whole  number  not  a  single  person  was  reported  as  killed 
or  injured.  In  fact  they  were  generally  of  so  small  im- 
portance that  none  of  them  required  special  investiga- 
tion, and  no  reports  on  accidents  of  this  class  were  made 
by  the  Inspectors.  Apparently  those  officers  had  become 
tired  of  repeating  their  advice  on  the  subject  of  better 
fastenings  for  tires,  or  else  that  advice  had  been  taken, 
with  the  result  of  making  tire-breakages  comparatively 
harmless,  although  it  had  not  been  possible  to  prevent 
them  altogether. 

In  the  year  1878,  there  were  reported  no  less  than  1,034 
accidents  from  broken  tires  and  20  from  broken  wheels  ; 
a  total  of  1,054  accidents.  In  all  of  these  accidents  there 
was  only  one  person  injured,  a  railroad  employe.  As  in 
1877,  while  the  number  of  these  accidents  was  large,  they 
were  evidently  slight  in  their  nature.  At  any  rate  only 
two  special  reports  were  thought  necessary ;  both  of  these 
accidents  were  on  the  same  road. 

In  1879,  there  were  1.227  broken  tires  and  19  broken 
wheels  reported  ;  in  all  these  accidents  only  2  employes 
were  injured,  and  no  accidents  were  specially  reported 
on. 

In  1S80,  there  were  1,238  broken  tires  and  7  broken 
wheels,  and  only  one  accident  was  reported  on,  a  broken 
wooden  wheel. 

In  1881,  while  1,286  broken  tires  and  3  broken  wheels 
were  recorded,  there  were  no  special  reports  made  by 
the  Inspectors. 

From   1S75  to  iSSi.  inclusive,  the  number  of  breakages 


of  wheels  and  tires  reported   by  the  railroad  companies, 
with  the  total  train  mileage  for  each  year,  was  as  follows 


-Breakages. . 


2>5.7>>.739 
3I9>895.75> 
221,176,114 
223,85  <  ,842 


The  comp  irison  wiih  train  mileage  is  necessarily  a  very 
unsatisfactory  one,  when  as  the  varying  length  of  trains  of 
different  description  is  considered.  It  must  also  be  re- 
membered that  during  the  years  covered  by  the  table,  there 
was  a  gradual  increase  in  the  size  of  locomotives,  so  that 
a  train-mile  in  1S81  probably  represented  a  greater  mile- 
age of  vehicles  than  in  1875.  A  much  more  satisfactory 
way  would  be  to  follow  the  method  in  use  in  German 
railroads,  where  reports  are  made,  not  by  train-miles  nor 
even  by  car-miles,  but  by  ax!c-miles.  This  plan  of  follow- 
ing the  axle-mileage  would  be  of  comparatively  little  im- 
portance in  this  country,  where  all  but  comparatively  a 
very  few  cars  have  light  wheels ;  but  in  England  and  other 
European  countries,  where  cars  have  four,  six  or  eight 
wheels,  it  is  necessary  to  go  further  than  car-mileage,  if 
accurate  statistics  are  wanted. 

<^To  be  continued.') 

Manufactures. 


The  Lake  Champlain  Iron  Region. 


The  Lake  Champlain  iron  and  ore  interests  took  a  decided 
advance  during  the  past  spring,  and  the  present  summer  as  yet 
shows  no  decline  in  the  boom.  The  two  furnaces  at  Port 
Henry,  N.  Y.,  formerly  owned  by  the  Bay  State  Iron  Com- 
pany, were  purchased  last  November  by  Witherbees,  Sher 
man  &  Foote  and  one  of  the  furnaces  put  in  blast  in  February 
after  being  idle  for  three  years.  The  other  has  been  under- 
going repairs  and  is  now  about  ready  to  start. 

The  Cheever  Ore-bed  property  lately  purchased  by  Tucker- 
man  &  Presbury  is  again  being  worked,  half  of  the  ore  used 
at  the  Bay  State  Furnace  coming  from  that  mine.  The  ore  is 
a  rich  magnetite  carrying  about  0.30  phosphorus  and  no  sul- 
phur. 

The  Cedar  Point  Furnace,  blown  out  in  January,  has  been 
relined  and  repaired  and  is  now  running  smoothly. 

The  Crown  Point  furnaces  have  been  shut  down  for  repairs 
and  are  now  ready  to  start. 

The  Chateaugay  Mine  at  Lyon  Mountain  has  worked  through 
the  "horse"  that  had  caused  much  apprehension  and  is  now 
yielding  as  usual. 

The  iron  mines  at  Mineville  (Witherbees,  Sherman  &  Co. 
and  Port  Henry  Iron  Ore  Company)  are  showing  a  good  out- 
put. 

Foot-Guard  for  Frogs  and  Switches. 

The  accompanying  illustrations  show  a  form  of  foot-guard 
for  frogs  and  switches  recently  patented.  The  object  is  to  fill 
the  space  in  the  frog,  switch  or  guard-rail  so  as  to  make  it  im- 
possible for  a  person  to  catch  his  foot  or  to  trip,  and  at  the 
same  time  to  leave  space  for  the  wheel  flanges  ;  there  is  the 
further  advantage  that  the  accumulation  of  snow  or  ice  is  pre- 
vented. 

The  inventor  describes  his  device  as  follows  :  "  The  foot- 
guard  A  may  be  made  of  sheet-iron,  steel  or  any  other  metal 
of  sufficient  strength,  or  of  paper  or  other  composition,  and 
may  be  made  to  fit  any  angle  needed  in  the  frog,  switch-rails, 
guard-rails  or  other  angles,  and  of  a  height  to  fit  any  rail  used 
in  building  railroads.  It  has  a  bottom  portion,  I,  side  wings 
2,  and  lateral  flanges  3.  and  is  put  in  place  by  shoving  it  into 
the  open  space  between  the  rails  of  the  frogs,  switch-rails,  or 
rail  and  guard  rail  from  the  wide  end  of  the  angle,  with  the 
longitudinal  flanges  so  turned  as  to  fit  closely  under  the  ball  of 
the  rail,  the  outer  edge  of  the  flange  extending  to  the  concave 
of  the  rail  and  the  inner  edge  projecting  even  with  the  ball  of 
the  rail,  the  sides  2  extending  downward  and  inward  at  I  in 


Vol.  LXI,  Ko.  9.; 


ENGINEERING    JOURNAL. 


428 


nearly  a  semicircular  form,  the  bottom  resting  upon  the  ties 
and  spiked  or  nailed  to  one  or  more  of  them.  lis  length  must 
be  governed  by  the  angle  of  the  frog,  switch-rail  or  guard-rail. 
It  must  extend  far  enough  into  the  narrow  end  of  the  angle  to 
prevent  the  insertion  of  a  foot  in  front  of  it,  and  far  enough 
back  to  prevent  the  sole  of  the  largest  boot  being  caught  under 
the  hall  of  the  rail. 

"The  general  shape  of  the  foot-guard,  as  seen  when  the 
flanges  3  on  either  are  under  the  ball  of  the  rail,  is  nearly  a 
semicircle  with  the  convex  side  downward,  the  angles  being 
sharper  at  the  narrow  end  and  widening  toward  the  other  end, 
according  to  the  angle  of  the  rails. 

"  In  the  construction  shown  in  figs.  2  and  4  there  is  a  cor- 
rugation, B.  rising  in  the  center  at  the  narrow  end  of  the  guard 
nearly  as  high  as  the  sides,  giving  the  end  the  form  of  the 
letter  W,  and  this  corrugation  B  slopes  gradually  toward  the 
wider  end  of  the  foot-guard,  when  it  entirely  ceases  or  merges 
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in  the  base  of  the  guard  having  a  flat  rounded  surface.  This 
center  corrugation  should  be  of  such  height  and  the  space  be- 
tween it  and  the  sides  such  that  it  will  not  come  in  contact  with 
the  flange  on  the  car-wheel. 

"In  the  construction  shown  in  fig.  3  the  foot-guard  is 
nearly  semicircular  in  shape,  with  the  longitudinal  sides  or 
flanges  bent  out  at  an  angle  to  fit  tightly  under  the  ball  of  the 
rail. 

"The  construction  shown  in  figs.  2  and  4  is  like  that  shown 
in  figs.  I  and  3,  except  that  in  the  narrow  end  the  center  is 
doubled  up,  so  as  to  form  the  corrugation,  which  slopes  grad- 
ually toward  the  wider  end,  where  it  entirely  ceases.  This 
form  is  particularly  intended  for  use  where  the  rails  are  close, 
to  prevent  the  foot  from  going  down  between  the  rails." 

The  patent,  which  is  No.  367,609,  dated  August  2,  18S7.  has 
been  granted  to  Mr.  Edward  P.  Edwards,  of  Webster  City, 
Iowa. 


Manufacturing  Notes. 

The  Brownell  &  Wight  Car  Company  is  building  a  large 
addition  to  its  shops  in  St.  Louis. 

The  contract  for  the  new  Belle  Isle  bridge  at  Detroit  has 
been  awarded  by  the  City  Council  to  the  Detroit  Bridge  & 
Iron  Works  for  $280,000. 

The  Pond  Engineering  Company  in  St.  Louis  is  very  busy. 
The  company  has  recently  sold  a  number  of  the  Lowe  feed- 
water  heaters  and  purifiers. 

The  Armington  &  Sims  Engine  Company  has  bought  the 
Monohassett  Mill  property  at  Providence,  R.  I.  As  soon  as 
the  plant  can  be  transferred,  the  company  will  largely  increase 
its  facilities  for  building  its  engines. 


It  is  said  that  an  English  concern,  the  Moss  Bay  Hematite 
Steel  i.\:  Iron  Company,  purposes  establishing  extensive  steel 
works  at  a  point  near  Seattle  in  Washington  Territory,  where 
there  are  extensive  deposits  of  iron  ore. 

The  Smith,  Beggs  &  Rankin  Machine  Company  in  St.  Louis 
is  buikling  two  stationary  engines  with  30  X  60  in.  cylinders 
for  the  new  Olive  Street  cable  railroad  in  that  city.  These 
engines  are  expected  to  work  up  to  1,200  H.  P. 

The  La  France  Company  in  Elmira,  N.  Y.,  has  just  com- 
pleted  a  double  pumping  engine  for  a  new  lireboat  built  for  the 
city  of  Buffalo,  .V.  Y.  These  pumps  can  throw  ordinarily 
4,000  gallons  an  hour,  and  can  be  worked  up  to  5,000  gallons  an 
hour  if  necessary. 

The  Atchison,  Topeka  &  Santa  F6  Company  has  ordered 
two  locomotives  of  the  Strong  pattern.  One,  with  six  drivers, 
will  be  built  at  the  Schenectady  Locomotive  Works,  and  the 
other,  with  four  drivers  for  passenger  service,  at  the  Hinkley 
Locomotive  Works  in  Boston. 

The  St.  Louis  Car  Company,  a  new  concern,  is  building  ex- 
tensive works  in  St.  Louis  for  the  manufacture  of  street,  cable 
and  elevated  lailroad  cars.  The  officers  are  :  Daniel  McAllis- 
ter, President;  P.  M.  Kling,  Vice-President  and  Manager; 
William  Lefmann,  Secretary  and  Treasurer. 

A  syndicate  of  iron  manufacturers  of  Wheeling,  W.  Va  , 
organized  under  the  name  of  the  East  Chicago  Steel  Company, 
has  leased  for  five  years  the  Bessemer-steel  plant  at  Hammond, 
Ind.,  just  completed  by  the  Chicago  Steel  Manufacturing  Com- 
pany. A  blast  furnace  and  rolling-mill  are  to  be  added  to  the 
plant. 

The  Dickson  Manufacturing  Company  in  Scranton,  Pa.,  is 
building  9  locomotives  for  the  St.  Paul  &  Duluth  road  and  2 
shifting  engines  for  the  Brooklyn  Bridge.  The  company  re- 
cently shipped  to  Anaconda,  Montana,  a  set  of  compound 
hoisting  engines  having  cylinders  26  and  42  in.  diameter  and 
72-in.  stroke. 

The  Rhode  Island  Locomotive  Works  in  Providence  have 
just  completed  a  locomotive  of  the  Forney  pattern  for  the  New 
York,  Providence  (X  Boston  road.  It  has  15  X  20  in.  cylin- 
ders and  56-in.  drivers  ;  ihe  boiler  is  44  in.  diameter  and  the 
fire-box,  for  anthracite  coal,  66  in.  long.  The  total  wheel-base 
is  22  ft.  7  in.  and  the  weight  90,000  lbs.  It  is  intended  for 
service  on  the  Pawtuxet  Valley  Branch. 

The  Lawrence  Machine  Company,  of  Lawrence,  Mass.,  has 
just  been  awarded  the  contract  for  one  of  the  largest  pumping 
planis  ever  planned  in  this  country.  The  plant  is  for  the  city 
of  Montreal,  P.  Q.,  and  consists  of  four  centrifugal  pumps, 
each  with  a  discharge  opening  of  24  in.  diameter  and  capable 
of  handling  18,000  gallons  of  water  per  minute,  and  four  simi- 
lar pumps  of  15  in.  discharge  opening  and  a  capacity  of  7,000 
gallons  per  minute.  Thus  the  four  24-in.  pumps  have  a  com- 
I  bioed  capacity  of  72,000  gallons  per  minute,  4,320,000  gallons 
I  per  hour,  103,680,000  gallons  or  386,000  tons  of  water  per  day 
of  24  hours,  and  the  four  15-in.  have  a  combined  capacity  of 
28,000  gallons  per  minute  or  1,680,000  gallons  per  hour. 
j  These  pumps  are  contracted  for  by  the  Inundation  Committee 
of  Montreal,  and  are  designed  to  pump  the  sewerage  of  the 
city  over  the  walls  and  dykes  now  in  process  of  erection,  to 
protect  the  lower  portions  of  the  city  from  the  annual  inunda- 
tion caused  by  the  floods  and  ice  gorges  of  the  St.  Lawrence 
River. 


Marine  Engineering  Notes. 

The  Union  Iron  Works  in  San  Francisco  recently  launched 
the  new  steel  steamer  Premier,  which  is  intended  to  run  on 
Puget  Sound  for  the  Canadian  Pacific  Railway  Company. 

The  Quintard  Iron  Works  in  New  York  City  have  the  con- 
tract for  a  triple-expansion  engine  for  the  new  steamer  Che- 
mutig,  now  building  at  Buffalo  for  the  Union  Line  between 
that  port  and  Chicago. 

A  NEW  ferry-boat  is  nearly  completed  at  San  Francisco,  for 
the  South  Pacific  Coast  Railroad  ;  she  is  to  run  between  San 
Francisco  and  Alameda,  and  will  have  a  capacity  of  2,500 
passengers.  The  boat  is  265  ft.  long,  75  ft.  beam  over  all, 
and  16  ft.  depth  of  hold.  The  engines  are  built  by  the  Fulton 
Iron  Works. 

The  Baltimore  &  Ohio  Railroad  is  to  have  a  new  steam 
ferry-boat  for  transferring  trains  between  Locust  Point  and 
Canton  in  Baltimore  Harboi.  This  boat,  which  is  named 
John  ir.  Garrell,  was  launched  from  the   Harlan  &  Hollings- 
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worth  Company's  yard  in  Wilmington,  Del.,  August  2.  The 
boat  is  366  ft.  long  and  76  ft.  wide  over  all,  and  will  carry  15 
passenger  or  30  freight  cars  at  a  trip. 

It  is  stated  that  the  Cleveland  Shipbuilding  Company  in 
Cleveland.  O.,  has  taken  a  contract  to  build  two  steel  steamers 
for  the  Lackawanna  Transportation  Company.  The  new  ves- 
sels arc  to  be  27;  ft.  long,  3.-<  ft.  beam  and  25  ft.  hold,  and  are 
to  run  between  Baflfalo  and  Chicago. 

Tiir.  Cleveland  For^e  Company,  of  Cleveland,  O.,  have  re 
ceived  the  contract  to  furnish  the  new  steamer  Purilun,  of  the 
Fall  River  Line,  and  the  steamer  building  for  the  Providence  Line 
with  all  their  heavy  forgings,  such  as  shafts,  cranks,  pins,  etc. 
The  Piiril.iii's  main  shaft  will  be  28  in.  in  diameter  and  weigh 
42  tons,  the  largest  shaft  ever  forged  in  America.  Her 
beam  strap  will  weigh  about  ig  tons,  this  being  the  largest  one 
ever  made.  The  Providence  steamer's  shafts  will  be  25  in.  in 
diameter.  The  Cleveland  Forge  Company  furnished  the  lake 
steamer  Ou<<xo  and  her  consort  now  building  with  shafts,  cranks 
and  pins.     These  steamers'  cranks  weigh  22  tons  each. 

The  Old  Colony  Steamboat  Company  has  let  contracts  for 
its  new  steamboat  Piirihin,  which  is  to  run  on  the  Fall  River 
Line  between  Fall  River  and  New  York.  The  I'urilan  will  be 
larger  than  the  Pilgrim  of  the  same  line,  and  will,  it  is  claimed, 
be  the  largest  steamboat  for  inland  waters  in  the  world.  She 
will  cost  about  ifi, 500.000  and  will  be  finished  early  in  1889. 
Her  length  is  to  be  404  ft.  at  the  water-line  and  420  ft.  over  all, 
which  is  30  ft.  longer  than  the  Pilgrim.  The  beam  will  be  52 
ft.  and  90  ft.  across  the  guards,  with  a  depth  of  hold  of  21  ft. 
4  in.  She  will  have  355  state-rooms.  The  hull  is  to  be  con- 
structed on  the  double-hull  bracket-plate  and  longitudinal  sys- 
tem, with  the  bottom  divided  into  50  water-tight  compartments. 
In  addition  to  these  compartments,  si.x  water-tight  bulkheads 
will  extend  to  the  main  deck.  The  hull  is  to  be  built  at  John 
Roach  iV  Sons'  yard  at  Chester,  Pa.;  the  upper-works,  cabins, 
etc.,  by  William  Rowland,  of  New  York. 

The  Puritan  will  have  a  compound-beam  engine,  having  a 
high-pressure  cylinder  75  in.  diameter  and  g  ft.  stroke  and  low- 
pressure  cylinder  no  in.  diameter  and  14  ft.  stroke.  The 
paddle-wheels  will  be  feathering  wheels,  of  the  same  pattern 
as  those  used  in  the  .Wtji  York  of  the  Albany  Day  Line  on  the 
Hudson  River.  She  will  have  8  steel  boilers,  intended  to  carry 
a  working  pressure  of  no  lbs.  The  engines  will  be  built  by 
the  W.  \-  A.  Fletcher  Company  at  the  North  River  Iron  Works 
in  New  York  City. 

Messrs.  Robert  Palmer  &  Sons  at  Noank,  Conn.,  are  build- 
ing a  new  wooden  steamboat  for  the  Providence  &  Stonington 
Steamship  Company,  to  run  on  the  line  between  Providence 
and  New  York.  The  steamboat  will  have  a  frame  of  white 
oak,  live  oak  and  hackmatack  and  planking  of  white  and  yel- 
low pine.  The  hull  will  have  six  water-tight  bulkheads  of  2-in. 
white  pine.  The  length  on  water-line  will  be  345  ft.;  over  all. 
357  ft.  The  breadth  of  beam  will  be  47  ft.  6  in.;  breadth  over 
guards,  S5  ft.     The  depth  will  be  17  ft.  3  in. 

The  engines  will  differ  from  those  of  nearly  all  the  boats 
running  on  Long  Island  Sound,  which  are  of  the  beam  pattern. 
They  will  be  compound  oscillating  engines  with  high-pressure 
cylinder  56  in.  and  low  pressure  104  in.  diameter  ;  both  11  ft. 
stroke.  Both  cylinders  will  have  the  VVheelock  gridiron  valve, 
and  the  valve-motion  will  be  of  the  link  type.  The  cvlinders 
will  be  set  at  an  angle  of  hki  with  each  other.  Steam  will  be 
supplied  by  six  boilers,  12  ft.  6  in.  diameter  and  20  ft.  3  in. 
long,  each  having  three  corrugated  furnaces  4  ft.  diameter  and 
7  ft.  f)  in.  long;  the  working  pressure  will  be  130  lbs.  The 
engines  will  have  surface  condensers.  The  paddle-wheels  will 
be  of  the  feathering  type,  29  ft.  diameter,  with  12  buckets,  each 
14  ft.  face  and  4  ft.  (>  in.  wide.  The  engine<  are  expected  ot 
develop  4.500  I.  14.  P.;  they  have  been  designed  by  Mr.  George 
B.  Mallory,  the  company's  Engineer. 
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The  Strong  Locomotive. 

The  Strong  Locomotive  Company  is  now  building  three 
locomotives  of  the  Strong  pattern  for  the  Atchison,  Topeka  i\: 
Santa  F6  Railroad.  They  are  to  be  used  on  the  fast  express 
trains  on  the  new  extension  to  Chicago.  One  of  these  engines 
will  have  19  X  26  in.  cylindeis  and  three  pairs  of  drivers  ; 
the  other  two  will  have  18  X  24  in.  cylinders  and  four  68-in. 
drivers. 

A  locomotive  for  the  Michigan  Central  is  also  under  way  ; 
it  will  have  18  X  24  in.  cylinders  and  is  to  run  on  fast  express 
trains  between  Chicago  and  Detroit.  The  company  has  several 
other  orders  on  hand. 


American  Association  for   the  Advancement    of   Science. 

The  36th  meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  convened  at  Columbia  College,  New 
York,  on  Wednesday,  August  10,  about  1,000  persons  being 
present.  The  President  of  the  .\ssociation.  Professor  S.  P. 
Langley,  presented  the  President  of  the  College,  Dr.  Barnard, 
who  made  a  speech  of  welcome  in  the  name  of  the  Trustees  of 
Columbia  College. 

The  (General  Secretary,  Professor  Pettec,  announced  the 
addition  to  the  Association  of  over  200  members  since  the  meet- 
ing at  Buffalo  last  year.  Some  300  papers  had  been  submitted 
to  be  read  before  the  sections.  As  this  wis  a  greater  number 
than  could  possibly  be  considered,  it  would  be  necessary  for 
the  committees  to  exercise  some  discrimination.  As  soon  as 
organized  the  committees  would  make  up  the  programmes  for 
their  respective  sections  forThursday,  and  daily  thereafter. 

The  Permanent  Secretary,  Professor  Putnam,  announced  the 
death  of  25  members  during  the  year,  including  James  Buch- 
anan ICads,  of  New  Voik  ;  William  B.  Hazen,  of  Washington, 
and  Edward  L.  Youmans.  of  New  York.  .\fter  adopting 
several  unimportant  changes  in  the  constitution  and  electing  a 
Vice-President  for  Section  A — Mathematics  and  Astronomy — 
the  general  session  adjourned. 

The  various  sections  at  once  assembled  in  their  rooms  and 
effected  their  organizations.     These  are  the  eight  sections  : 

.■\— Mathematics  and  Astronomy  :  Vice-President,  J.  R.  East- 
man, of  Washington  ;  Secretary,  Henry  M.  Paul,  of  Washing- 
ton. B— Physics  :  \'ice-President,  W.  A.  Anthony,  of  Ithaca  ; 
Secretary,  C.  Leo  Mees,  of  Athens.  C — Chemistry,  \'ice- 
President,  .Albert  B.  Prcscott.  of  Ann  Arbor  ;  Secretary,  C.  F. 
Mabery.  of  Cleveland.  D — Mechanical  Science  and  Engineer- 
ing: Vice-President,  Eckley  B.  Coxe,  of  Drifton  :  Secretary, 
George  M.  Bond,  of  Hartford.  E— Geology  and  Geography: 
Vice-President,  G.  K.  Gilbert,  of  Washington  ;  Secretary, 
William  M.  Davis,  of  Hartrard.  F— Biology  :  Vice-President, 
W.  G.  Farlow,  of  Cambridge  ;  Secretary,  |.  Henry  Coms:ock, 
of  Ithaca.  H — Anthropology  :  Vice-President,  D.  G.  Brinton, 
of  Media  ;  Secretary,  Charles  C.  Abbott,  of  Trenton.  I — 
Economic  Science  and  Statistics  :  Vice-President,  Henry  E. 
Alvord,  of  .'Vmherst  ;  Secretary,  W.  R.  Lazenby,  of  Columbus. 

The  sections  then  took  up  the  abstracts  of  papers  submitted 
to  their  judgment.  Some  were  found  too  metaphysical  and 
others  too  long,  so  they  were  either  referred  back  to  their 
authors  for  condensation  or  altogether  rejected.  Those  accept- 
ed were  submitted  to  the  Council. 

In  the  hall  of  Section  B,  devoted  to  physics,  Professor  W. 
A.  Anthony,  of  Ithaca,  spoke  on  "  The  Importance  to  the  Ad- 
vancement of  Physical  Science  of  the  Teaching  of  Physics  in 
the  Public  Schools."  The  principles  of  science  should  be 
spread  broadcast.  Not  only  boys  but  girls  should  receive 
such  training,  and  young  children  could  appreciate  it.  A  prop- 
erly conducted  scientific  education  in  the  primary  schools 
would  teach  children  to  avoid  the  mistake  of  attempting  the 
impossible  and  be  of  great  benefit  to  science.  Grammar 
should  be  one  of  the  last  subjects  for  a  boy  to  take  up.  Lan- 
guage should  be  taught  by  reading,  not  by  rules.  Geography 
should  be  taught  to  give  familiarity  with  the  form  of  the  earth 
Beyond  this  the  geography  should  be  a  book  of  reference.  As 
soon  require  a  child  to  learn  the  dictionary  by  heart  as  to  learn 
the  names  of  capes,  rivers  and  islands  as  they  are  now  taught. 
With  regard  to  arithmetic,  interest,  discount  and  partial 
payments  should  be  cut  out  of  the  course  and  given  as  part  of 
a  business  training.  Children  in  their  earliest  experiences  have 
to  do  with  heat,  light,  sound,  movement  and  magnetism. 
Physics  should  be  taught  by  calling  attention  to  familiar  facts 
and  then  explaining  them. 

"Engineering"  was  the  subject  of  the  paper  read  before 
Section  D,  devoted  to  mechanical  science  and  engineering,  by 
Mr.  Eckley  B.  Coxe,  of  Drifton,  Pa.  Engineering,  though 
the  youngest  of  the  professions,  was  already  divided  into  civil, 
mining,  mechanical  and  other  branches.  Another  subdivision 
was  taking  place.  To  some  engineers  it  was  a  science,  to  some 
a  profession,  to  some  a  business.  The  business  engineers, 
that  is,  men  who  would  engage  to  build  a  bridge  or  do  any 
other  engineering  work,  furnishing  plans  and  guaranteeing  to 
accomplish  certain  results  for  a  given  sum  of  money,  taking 
all  risks,  were  a  very  important  class.  There  is  no  agreement 
as  to  what  advice  should  be  given  to  the  young  men  wanting 
a  technical  education.  In  medicine  and  law  the  course  is  pre- 
scribed, but  when  we  come  to  engineering  no  unanimity 
is  to  be  found.     The  great  difficulty   is  that  the   field  attempted 
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40  be  covered  by  engineering  is  too  vast  to  come  under  one 
system. 

With  these  and  other  equally  intt-resling  papers  and  resulting 
discussion  thereon,  the  day  was  passed  until  evening,  when  the 
retiring  President,  Professor  ICdward  S,  Morse,  gave  an  address 
on  "Evolution,"  which  was  much  appreciated. 


SKI 


lAY. 


On  the  second  day,  August  ii,  the  various  section  rooms 
were  well  attended,  and  though  there  was  little  discussion  on 
the  papers,  that  can  be  arcounted  (or  by  the  fact  that,  there  was 
such  a  plethora  of  matter,  little  time  for  outside  talk  was  left. 

"A  Method  of  Telephonic  Communication  Between  Ships 
at  Sea,"  was  the  title  of  a  p:iper  read  by  Dr.  I-.  E.  HIake  before 
the  section  devoted  to  physics,  lie  said  that  he  thought  the 
experiments  and  the  whole  scheme  antedated  all  other  methods 
which  had  been  proposed  for  fog  signaling  by  telephone  at 
sea.     The  plan  was  as  follows  : 

A  sound-producing  apparatus  was  to  be  attached  to  each 
vessel  and  to  be  worked  under  the  surface  of  the  water.  In 
times  of  fog  or  at  night  signals  intelligible  by  means  of  a  code 
would  be  produced  by  it,  which  would  be  transmitted  in  all  direc- 
tions through  the  water  with  a  velocity  four  or  five  times 
that  in  the  air.  I"..ich  vessel,  in  addition  to  the  sound-producing 
apparatus,  would  be  provided  with  a  sound-receiving  apparatus, 
which  would  take  up  out  of  the  water  the  signals  arriving  from 
neighboring  vessels.  "  All  of  us,"  said  Dr,  Blake,  "  remember 
when  as  boys  in  swimming  how  distinctly  the  sound  of  the 
striking  of  stones  together  under  water  was  heard.  Just  so 
distinctly  is  it  possible  to  send  musical  tones  from  one  ship  to 
another." 

For  steamships  the  sound-producing  apparatus  was  designed 
to  be  a  steam  fog-horn  or  whistle,  specially  constructed  to 
sound  under  water  and  to  be  heard  at  least  six  or  eight  miles. 
From  the  nature  of  its  tone  it  would  be  easily  distinguishable 
from  other  sounds,  always  more  or  less  present  under  water, 
from  breakers  and  waves.  With  such  whistles,  a  Morse  alpha- 
bet of  long  and  short  blasts  and  pauses  was  to  provide  a  means 
of  extended  communication,  while  a  simple  universal  code 
would  indicate  a  ship's  course.  Since  ignorance  of  the  very 
presence  of  a  ship,  rather  than  incorrect  estimates  of  her  course, 
has  been  the  principal  cause  of  ocean  collisions,  the  simple 
hearing  of  the  sound  would  prove  a  most  excellent  general 
safeguard.  Bell-buoys  were  to  have  a  second  bell  added  under 
water,  while  lightships,  lighthouses  and  any  headlands,  might 
also  be  provided  with  submerged  bells  which  could  be  rung 
from  the  shore  w-hen  necessary  ;  sailing  craft,  both  large  and 
small,  would  have  bells,  and  since  an  ordinary  locomotive  bell 
could  be  heard  at  least  two  miles  under  water,  such  simple 
means  would  seem  to  afford  sufficient  limits  for  protection  for 
such  vessels. 

"  It  is  believed,"  said  Dr.  Blake,  "that  sufficient  has  been 
done  to  show  that  the  complete  solution  of  this  interesting  and 
valuable  practical  scheme  will  lie  probably  in  the  telephonic 
method  described.  By  this  method,  in  (October,  1885,  signals 
were  transmitted  and  received  I  >j  miles  on  the  Wabash  River 
from  a  locomotive  bell,  around  three  or  four  windings  of  the 
river,  so  that  the  operators  were  out  of  each  other's  sight.  The 
sound  could  not  be  heard  through  the  air,  yet  with  fair  distinct- 
ness could  be  heard  through  the  telephone." 

"  Color  Blindness  Among  Railroad  Employes"  was  the  title 
of  a  paper  read  before  the  same  section  by  Dr.  William  Thomp- 
son. Professor  of  Ophthalmology  in  the  Jefferson  Medical 
College  of  Philadelphia.  He  said  that  the  conflict  between  the 
officers  and  the  employes  of  the  Reading  Railroad,  which  has 
occupied  the  attention  of  the  public  and  has  threatened  to  pro- 
duce a  suspension  of  work  on  that  road,  had  reopened  the 
question  of  color  blindness.  In  the  recent  demonstration  Dr. 
Thompson  was  able  to  show  that  an  engineman  declared  a  red 
danger  signal  at  a  distance  of  two  feet  to  be  a  green  light  and 
failed  to  classify  the  white,  red,  green  and  blue  flags  properly. 
Tn  July  last  25,158  employes  were  examined  on  the  Pennsyl- 
vania lines  east  of  Pittsburgh  and  Erie.  Of  these  4S1  were 
color  blind,  661  with  defective  vision  and  15S  with  defective 
hearing.  The  officers  of  the  Pennsylvania  Railroad  and  other 
railroads  had  adopted  Dr.  Thompson's  system  of  examina- 
tion. 

Dr.  Albert  N.  Leeds  read  two  papers,  the  second  on  "The 
American  System  of  Water  Purification."  He  said  that  manu- 
facturing towns  increased  in  population  with  such  rapidity  that 
they  soon  found  their  local  sources  of  water  supply  insufficient 
in  quantity  and  dangerous  ".o  health  from  pollution  by  sewage 
and  factory  waste.  The  American  system  of  water  purification 
comprised  three  distinct  features  ;  Artificial  aeration  under 
pressure  ;  precipitation  of  dirt,  sewage,  hardening  constituents 
and    coloring   matters    by    harmless   precipitants  ;  mechanical 


filtration  through  filters  capable  of  rapid  reversal  of  current, 
and  cleansing  by  mechanical  means. 

The  section  on  Economic  Science  and  Statistics  listened  to 
two  important  papers  read  by  Professor  W.  O.  Atwater  in  re- 
lation to  the  food  question. 

Professor  D.  .S.  Martin,  of  Columbia  College,  spoke  on 
"The  Geology  of  New  York  and  its  I'.nvirons  "  before  the  sec- 
tion on  Geology  and  Geography.  He  pointed  out  the  various 
geological  formations  which,  like  great  waves,  crop  out  all 
along  the  sea  coast  from  the  Alleghanies  to  the  sea  coast 
coming  down  to  New  York  Cily.  Geologists  were  not  agreed 
upon  the  age  of  the  rock  which  forms  the  backbone  of  Man- 
hattan Island.  He  believed  it  to  be  archaic,  or  of  the  first 
order.  Over  Manhattan  Island,  T,5fx)  ft.  higher  than  the  At- 
lantic Highlands,  an  ice  wave  had  swept  from  the  north  thou- 
sands of  years  ago  and  left  the  sandy  deposit  now  on  this  and 
Long  Island  and  Staten  Island  and  portions  of  New  Jersey. 
Before  the  period,  the  ice  drift  a  river  ran  from  the  Housatonic 
Valley  in  Connecticut  through  the  depression  where  the  East 
River  now  is  joined  and  the  Hudson  below  New  Yoik  Bay. 
Then  together  the  streams  flowed  through  flat  lowlands  to  the 
sea,  then  60  miles  further  out  than  now.  The  Palisades  were 
then  700  ft.  high. 

The  ladies  of  the  Reception  Committee  tendered  the  mem- 
bers an  informal  reception  in  the  Metropolitan  Opera  House 
in  the  evening,  where  many  not  previously  acquainted  became 
so.     This  reception  was  very  largely  attended. 

THIRD    DAY. 

On  the  third  day,  August  12,  the  section  on  geology  and 
geography  gave  up  the  whole  of  the  day  to  a  discussion  of  the 
report  of  the  American  Committee  of  the  International  Con- 
gress of  Geologists.  This  was  a  task  of  greater  or  less  limita- 
tions, as  the  section  chose  to  make  it,  and  they  found  time  to 
pretty  thoroughly  go  over  the  work  of  the  International  Con- 
gress at  its  Berlin  session  last  year,  criticising  some  parts  of 
it  with  severity  and  giving  some  of  it  their  hearty  commenda- 
tion. Many  suggestions  were  advanced  as  to  what  should  be 
done  at  the  next  session,  which  will  occur  in   London. 

Section  I,  on  Economic  Science  and  Statistics,  gave  up  the 
day  to  statistical  questions,  three  papers  being  read.  The 
first,  "The  Testimonv  of  Statistics  as  to  our  National  Pro- 
gress," was  by  Professor  E.  J.  James,  of  the  University  of 
Pennsylvania  ;  the  second,  "  The  Wealth  of  the  Republic,"  was 
by  Dr.  C.  S.  Hill,  and  the  third,  "  On  the  Rates  of  Interest 
Realized  to  Investors  in  the  Bonded  Securities  of  the  United 
States  Government,"  was  by  Professor  E.  B.  Elliott.  Being 
of  an  economic  character,  they  aroused  a  considerable  inter- 
est, and  were  well  atterded  by  both  scientists  and  laymen.  In 
his  paper  Professor  James,  after  referring  to  Professor  Atkins' 
papers  read  the  preceding  day,  said  :  "  In  an  examination  of 
the  long  series  of  wjge  receivers  whose  wages  are  quoted  in 
the  New  Jersey  statement  I  fail  to  find  more  than  a  compara- 
tively small  per  cent.,  counting  in  the  whole  number  of  labor- 
ers, who  actually  attained  the  figure  of  $600  in  their  income. 
Six  hundred  dollars  per  year  means  $2  a  day  for  the  days  of 
the  wo; king  year.  There  must  be  no  days  of  sickness  or  leave 
of  absence  or  vacation  or  strike,  if  the  sum  is  to  t  e  accumu- 
lated by  working  at  $2  a  day.  Now,  S2  per  day  is  very  much 
more  than  the  average  unskilled  1. borer  can  earn,  and  if 
skilled  mechanics  often  earn  much  more  we  must  remember 
that  their  working  season  is  often  very  short.  The  amount  of 
comfort  or  elegance  which  can  be  obtained  from  $2  per  day,  if 
one  has  to  support  five  persons  out  of  it,  you  can  easily  reckon 
out  for  yourselves.  The  average  earnings  of  all  the  laborers 
reported  in  the  Pennsylvania  statistics  was  less  than  §400  per 
annum.  The  average  weekly  wage  in  the  coal  trade  was  only 
$6.20,  or  S325  per  annum.  The  average  weekly  wage  in 
foundries  employing  17,000  men  was  less  than  .$9  ;  in  the 
Bessemer  steel  works  less  than  $8.50  ;  in  hosiery  and  knit 
goods  less  than  $5. 

"  We  believe  that  this  is  a  grave  social  problem  which  will  re- 
quire the  most  careful  investigation  and  cautious  action,  if  it 
is  to  be  solved  without  seriously  disturbing  our  social  order. 
The  conditions  of  life  are  oecoming  more  severe  as  the  years 
roll  on.  The  prizes  open  to  the  successful  one  are  growing 
larger,  but  the  number  of  blanks  is  also  rapidly  increasing." 

In  the  section  on  Physics,  Professor  Ellas  S.  Ries  read  a 
paper  on  The  Electric  Current  as  a  Means  of  Increasing  and 
Varying  the  Tractive  Adhesion  of  Railroad  Motors  and  other 
Rolling  Contacts. 

In  the  afternoon  most  of  the  members  joined  in  an  excur- 
sion around  the  harbor.  In  the  evening  many  attended  a 
reception  given  by  the  Torrey  Botanical  Club. 

On  Saturday,  August  13,  there  was  no  meeting,  the  mem- 
bers generally  joining  in  one  of  the  two  excursions   provided 
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for  their  entertainment.     One  of  these  was   up  the  Hudson 
River  to  West  Point,  the  other  down  the  Bay  to  Long  Branch. 

FOURTH   D.'iY. 

The  arrangements  for  the  fourth  day,  Monday,  August  15, 
provided  for  the  amalgamation  of  the  mechanical  science  and 
engineering  section  with  that  devoted  to  economic  science  and 
statistics  for  the  reading  and  discussion  of  papers  relat.ng  to 
Isthmus  Transit.  This  session  was  largely  attende-,  and 
seemed  to  attract  a  great  deal  of  attention.  It  was  opened  by 
Commander  H.  C.  Taylor,  U.  S.  N.  who  read  a  paper  entitled 
The  General  Question  of  Isthmian  Transit.  This  paper  1 
was  in  part  a  historical  account  of  the  various  plans  for  isthmus 
transi',  and  in  part  a  comparison  of  the  merits  of  the  Pana- 
ma Canal,  the  Tehuantepec  Snip  Railroad  and  the  Nicaragua 
Canal — decided  preference  being  given  to  the  Nicaragua  plan. 

Climatic  and  Sanit..ry  Notes  on  the  Nicaragua  Canal 
Route  was  the  next  paper,  read  by  Surgeon  John  F.  Brans- 
ford,  U.  S.  N.  He  said  that  the  line  of  mountains  forming  the 
t  ontinental  "divide"  in  Central  America  passes  through 
Nicaragua  in  a  northwesterly  direction.  This  brought  it 
across  the  course  of  the  northeast  trades,  and  the  wind  rushed 
over  the  hills  and  through  the  gaps  to  the  Pacific.  Tr.is  breeze, 
ventilating,  and  drying  the  country  and  lowering  the  ten  pera- 
ture,  was  the  great  sanitary  agent  in  Nicaragua.  I:!y  the  time 
the  wind  reached  the  lake  basins  its  surplus  moisture  was  gone. 
The  southeast  wind  predominated  during  the  rainy  season. 
The  temperature  of  Nicaragua  was  equable.  The  extreme 
variation  on  the  line  of  the  canal  recorded  by  Childs  was  of 
23°,  his  maximum  being  gi'.  The  rainfall,  based  on  the 
records  of  nine  years,  showed  an  average  of  64.42  inches.  The 
country,  generally,  he  considered  healthy,  ana  residents  there  ' 
needed  only  to  take  the  ordinary  precautions  req'  ired  in  all 
tropical  climates.  The  supply  of  fresh  provisions,  beef  and 
fruit,  is  abundant,  and  the  drinking  water  is  good  from  one  end 
of  the  line  to  the  other. 

Civil  Engineer  R.  E.  Peavy  read  a  paper  called  "  The  En- 
gineering Features  of  the  Nicaragua  Canal.  He  said  that 
the  distance  from  ocean  to  ocean  by  the  proposed  route  was 
169. S  miles.  Of  this  distance,  however,  only  40.3  miles  were  ] 
actual  canal,  the  otheri29. 5  miles  being  free  navigation  through  , 
Lake  Nicaragua,  the  Rio  San  Juan  and  the  valley  of  the  San 
Francisco.  The  lake  and  river  must  form  a  part  of  every 
canal  route  through  Nicaragua  and  the  location  as  a  whole  was 
the  result  of  Civil  Engineer  Menocal's  complete  and  exhaustive 
personal  knowledge  of  the  entire  country  from  ocean  to  ocean. 
Of  the  40.3  miles  of  actual  canal,  about  27  miles  nould  be 
excavation  pure  and  simple,  while  the  remaining  13  miles 
would  be  largely  if  not  entirely  excavated  by  dredges. 

■'  There  are  two  features  of  this  project  which  to  many  who 
have  not  made  such  structures  a  study  cause  a  question  of 
safety  to  arise.  One  is  the  dam,  which  at  one  stroke  gives 
us  64  miles  of  river  navigation,  and  the  other  is  the  embank- 
ment, which  at  a  second  stroke  gives  us  over  S  miles  of  lake 
navigation  and  completely  solves,  for  that  portion  of  the  canal 
from  the  dam  to  the  divide  (13  miles),  the  important  problem  of 
protection  from  surface  drai' age.  But  they  are  small  "hen 
compared  with  many  others  scattered  about  the  world,  and 
serving  much  less  important  purposes  than  the  ones  under  con- 
sideration.    Beside  the  Quaker  Bridge  dam  they  are  pigmies. 

"The  necessary  machinery  for  moving  the  locks  and  culvert 
gates,  for  hauling  the  ships  in  and  out  of  the  locks,  for  electric 
light  and  other  purposes,  will  be  worked  by  hydraulic  power 
furnished  by  the  locks  themselves.  Locks  are  absolute  sources 
of  safety.  Much  has  been  said  about  the  harbors  at  the  ter- 
mini of'the  Nicaragua  route.  It  may  be  remarked  that  there 
is  no  practical  route  for  a  canal  across  the  ."American  isthmus 
that  has  good  harbors,  and  it  is  believed  that  those  at  the  ter- 
mini of  the  Nicaragua  Canal  can  be  made  first-class  at  less  : 
cost  than  those  of  any  other  route."  | 

This  is  the  estimated  time  of  transit  through  the  canal  by  j 
steamer,  as  given  by  Mr.  Peavy  :  38.98  miles  at  5  miles  an  1 
hour,  7  hours  48  minutes;  8.51  miles  on  the  San  Francisco 
basin  at  7  miles  an  hour,  i  hour  48  minutes  ;  64.54  miles  on 
the  San  Juan  River  at  S  miles  an  hour,  S  hours  4  minutes  ; 
56  50  miles  on  the  lake  at  10  miles  an  hour  ;  hours  39 
minutes  ;  time  allowed  for  passing  7  locks  at  45  minutes 
each,  5  hours  15  minutes  ;  detention  in  narrow  cuts,  2  hours  ; 
total,  30  hours. 

J.  W.  Miller,  General  Manager  of  the  Providence  &  Ston- 
ington  Steamship  Company,  read  a  paper  called  Historical  and 
Geographical  Notes  Concerning  the  Nicaragua  Canal  Route. 

At  the  general  evening  session  a  formal  welcome  to  the 
Association  was  given  by  the  New  York  Academy  of  Sciences. 

Professor  Henry  Drummond,  of  Glasgow  University,  Scot- 
land, lectured  on   The  Heart  of  Africa. 


Professor  Thomas  A.  Edison,  being  busy  at  Menlo  Park, 
was  unable  to  attend  the  meeting,  and  therefore  intrusted  to 
Professor  Baker,  of  the  University  of  Pennsylvania,  who  read 
it  before  the  Physics  Section,  a  paper  describing  a  machine  for 
producing  electricity  direct  from  fuel.  To  do  this,  says  the 
paper,  has  long  occupied  the  close  attention  of  inventors. 
Could  the  enormous  energy  latent  in  coal  be  made  to  appear 
as  electric  energy,  wth  reasonable  economy,  the  mechanical 
methods  of  the  entire  %vorld  would  be  revolutionized  and  an- 
other grand  step  of  progress  would  be  taken. 

Quite  recently  Lord  Rayleigh  concluded  that  from  a  copper- 
iron  couple  a  conversion  of  not  more  than  of  the  coal  energy- 
could  be  hoped.  As  a  heat  engine,  therefore,  the  thern  o  cell 
can  have  no  higher  efficiency  than  Carnot's  reversible  engine- 
Another  line  of  investigation  suggested  itself  to  Mr.  Edison.  It 
has  long  been  known  that  the  magnetism  of  metals  is  mark- 
edly affected  by  heat.  Nickel  lose-  its  power  of  being  mag- 
netized at  400^,  iron  at  a  cherry  red  he  -t,  and  cobalt  at  a  white 
heat.  Whenever  a  magnetic  field  varies  in  strength  in  the 
vicinity  of  a  conductor  a  current  is  generated  in  that  conduc- 
tor ;  so  it  occurred  to  him  that  by  placing  an  iron  core  in  a 
magnetic  circuit  and  by  varying  the  magnetizability  of  that  cone 
by  varying  its  temperature,  it  would  be  possible  to  generate  a 
current  in  a  coil  of  wire  surrounding  the  core.  This  idea  con- 
stituted the  essential  feature  of  the  new  generator,  which 
therefore    he    calls    a    "  pyro-magnetic    generator   of   electri- 

The  principle  was  first  applied  to  the  constru;tion  of  a 
simple  form  of  electric  engine,  a  "pyro-magnetic  motor. "^ 
This  consisted  of  a  permanent  magnet,  having  a  bundle  of 
small  tubes  made  of  thin  iron  placed  between  its  poles,  and 
capable  of  rotation  about  an  axis  perpendicular  to  the  plane  of 
the  magnet.  By  suitable  means  hot  air  passes  through  these 
tubes,  so  as  to  raise  them  to  redness.  Hy  a  flat  screen  placed 
across  this  bundle  of  tubes  and  covering  half  of  them,  access 
of  the  heated  air  to  those  tubes  is  prevented.  When  this  screen 
is  so  adjusted  that  its  ends  are  equidisiant  from  the  two  legs 
of  the  magnet,  the  bundle  of  tubes  will  not  rotate,  since  the 
cooler  and  magnetic  portions  beneath  the  screen  will  be 
equidistant  from  the  poles.  If  the  screen  be  turned  about  the 
axis  of  rotation,  so  that  one  of  its  ends  is  nearer  one  of  the 
poles  and  the  other  nearer  the  other,  then  rotation  of  the 
bundle  will  ensue.  The  first  motor  constructed  on  this  principle 
was  heated  by  means  of  two  small  Bunsen  burners,  and  it  de- 
veloped about  700  foot-pounds  a  minute.  A  second  and  larger 
motor  is  now  about  finished,  which  will  weigh  about  1,500 
lbs.,  and  is  expected  to  develop  about  three  H.  P.  In  both 
these  machines  electro-magnets  are  used  in  place  of  perma- 
nent magnets,  ihe  current  to  energize  them  being  derived 
from  an  external  source.  In  the  larger  machine  the  air  for 
combustion  is  first  forced  through  the  lubes  to  cool  them,  and 
then  is  forced  into  the  furnace  at  a  high  temperature. 

The  construction  of  a  machine  of  sufficient  size  to  demon- 
strate the  feasibility  of  producing  continuous  currents  on  a 
large  scale  was  at  once  begun  and  has  just  been  completed. 
The  new  machine  consists  of  eight  elements,  each  the  equiva- 
lent of  the  device  already  described,  arranged  radially  about  a 
common  center.  The  machine  is  placed  on  top  of  any  suit- 
able furnace,  fed  by  a  blast,  so  that  the  products  of  combus- 
tion are  forced  up  through  the  armature  in  turn.  The  poten- 
tial difference  developed  by  this  cynamo  depends  upon  the 
number  of  of  turns  of  wire  on  the  armature  coils,  the  tempera- 
ture difference  in  working,  the  rate  of  temperature  variation, 
and  the  proximity  of  the  maximum  point  of  effect.  The  re- 
sults thus  far  obtained  lead  to  the  conclusion  that  the  econo- 
my of  production  of  electric  enefgy  from  fuel  by  the  pyro- 
magnetic  dynamo  will  be  at  least  equal  to  and  probably  greater 
than  that  of  any  of  the  methods  in  present  use.  But  the  actual 
output  of  the  dynamo  will  be  less  than  that  of  an  ordinary  dy- 
namo of  the  same  weight.  Since,  however,  the  new  dynamo- 
will  not  interfere  with  using  the  excess  of  energy  of  the  coal 
for  warming  the  house  itself,  and  since  there  is  no  attendance 
required  to  keep  it  running,  it  would  seem  to  have  already  a 
large  field  of  usefulness  for  it.  By  using  the  regenerative 
principle  in  connection  with  it  great  improvement  may  be 
made  in  its  capacity,  and  its  practical  utility  may  equal  the 
interesting  scientific  principles  which  it  embodies. 

The  paper  received  close  attention  and  was  much  discussed, 
a  pronounced  interest  in  the  outcome  of  the  jiending  experi- 
ments being  manifested. 

FIFTH   nAY. 
On  the  fifth  day,  August  16,  the  Association  met  in  generar 
session   and   passed  upon   the  reports  of  several  committees. 
and  the  recommendations  of  the  Council.      These  latter  em- 
braced the  election  of  these  olficers  : 


Vol,  LXI,  No.  9.] 


ENGINEERING    JOURNAL. 


432 


PrtsiJenI — Professor  J.  W.  Powfll,  of  Washington,  Direc- 
tor of  the  I'nited  States  Geological  Survey. 

Vice-Presidint^,  (Chairmen  of  Sections)  —  Mathematics 
and  Astronomy,  Ormond  Stone,  of  the  University  of  \ir- 
ginia  ;  Physics,  A.  .\.  Michaelson,  of  Cleveland;'  Chemis- 
try, C.  K.  Monroe,  of  Newport  ;  Mechanical  Science,  Calvin 
M.  Woodward,  of  St.  Louis  ;  Geology  and  Geography, 
George  H.  Cook,  of  New  Brunswick  ;  Biology,  C.  V.  Riley, 
of  Washington  ;  Antropology.  C.  C.  Abbott,  of  Trenton  ; 
IDconomic  Science  and  Statistics,  C.  W.  Smiley,  ol  Wash- 
ington. 

Permanent  Secretary — K.  W.    Putnam,   of  Cambridge,  Mass. 

General  Secretaty — J.  C.  Arthur,  of  Lafayette. 

Secretary  of  the  Council— (1.  Leo  .Vices,  of  Athens. 
/V™j«/<rr— Williani  Lilly,  of  Mauch  Chunk. 

Auditors — Henry  Wheatland,  of  Salem  ;  1  homas  Mcehan, 
of  Germantown. 

Cleveland  was  selected  as  the  place  of  the  next  meeiing,  and 
the  fourth  Wednesday  in  August  as  the  date.  Several  resolu- 
tions were  adopted.  In  one  of  them  President  Cleveland  was 
asked  to  at  once  appoint  a  permanent  Superintendent  of  ihc 
Coast  and  Geodetic  Survey.  In  response  to  another  a  com- 
mittee to  memorialize  Congress  on  the  preservation  of 
archaeologic  monuments  on  the  public  lands  was  appointed, and 
the  President  of  the  Association  was  asked  to  appoint  a  com- 
mittee to  devise  methods  for  securing  a  reduction  of  the  duties 
on  scientific  books  and  apparatus.  Congress  was  asked  to 
establish  a  bureau  of  standards  by  which  iheaccurate  standards 
of  measure  shall  be  constructed  for  electricity,  heat,  light, etc., 
and  arrangements  made  for  the  issue  of  authentic  copies.  In 
response  to  a  letter  from  Professor  Cleveland  Abbe,  meteorol- 
ogist of  the  Smithsonian  Institution,  Congress  was  asked  to 
^  publish  the  "  Inde.x  to  the  Literature  of  Meteorology,"  pre- 
pared by  the  Chief  Signal  Officer. 

The  members  then  separated  to  the  various  sections,  where 
a  large  number  of  papers  were  read. 

Before  the  Economic  Sectitn  Professor  E.  J.  James,  of  the 
University  of  Pennsylvania,  gave  his  views  on  Manual 
Training  in  the  Public  Schools  from  an  Economic  Standpoint. 
He  thought  the  question  of  manual  and  industrial  training  the 
most  important  educational  topic  now  before  the  country. 
"  The  general  introduction  into  our  public  schools,"  said  he, 
"  of  systematic  training  in  the  underlying  principles  of  the 
handicrafts  is  the  next  great  step  in  the  development  of  our 
educational  system — a  step  for  which  we  are  now  ready,  and 
which  should  be  taken  immediately."  The  paper  was  an 
elaboration  of  this  idea. 

Yan  Phou  Lee,  of  New  Haven,  Conn.,  spoke  on  The 
Chinese  Question  from  a  Chinese  Standpoint. 

Professor  Georye  F.  Kunz  detailed  some  recent  explora- 
tions made  with  a  view  to  answering  the  question  :  Is  there  a 
Diamond  Field  in  Kentucky? 

J.  R.  Haskell  discussed  the  National  Armament  before 
the  Chemistry  Section.  The  gun  of  the  future,  he  said,  would 
be  multicharge,  using  slow  powder  in  the  breech  and  quick 
powder  in  the  chambers. 

The  Biolofiic  Section  adopted  a  resolution  approving  the  pro- 
position to  erect  in  New  York  City  a  monument  over  the  re- 
mains of  Audubon    the  ornithologist. 

In  the  evening  a  reception  w-as  given  by  the  Local  Com- 
mittee, preceded  by  closing  exercises  in  which  the  thanks  of 
the  visitors  to  the  Local  Committee  and  to  Columbia  College 
were  heartily  expressed  in  several  very  earnest  speeches.  The 
friends  of  Mrs.  Erminie  A.  Smith,  of  Jersey  City,  X.  J.,  who 
was  during  her  life  the  only  woman  ever  elected  to  a  position 
in  the  Association,  gave  an  opportunity  to  any  who  wished,  to 
contribute  to  the  Smith  Memorial  Fund,  for  the  purpose  of 
putting  a  window  in  a  church  in  that  city  in  honor  of  her 
memory. 

The  members  of  the  Association  now  number  721,  about  20 
having  joined  during  the  session  as  life  members. 

The  fifth  day  completed  the  bus  ness  of  the  session,  but  it 
did  not  fulfill  the  pleasure  plans  of  the  sfientists.  Several 
excursions  were  arranged,  one  pariy  visiting  Blackwell's 
Island,  another  made  a  geological  exploration  ol  P.ergen  Ridge 
and  the  Palisades.  A  third  accepted  an  invitation  from  Lieut. 
E.  L.  Zalinski  to  go  to  Fort  Lafayette  and  witness  the  firing 
of  the  dynamite  gun.  Other  excursions  took  place  to  Sara- 
toga and  Lake  George,  Lake  Champlain,  and  the  Adiron- 
dacks. 

Over  250  papers  were  presented  at  this  meeting,  many  of 
them  of  great  value.  We  only  regret  that  the  unavoidable 
limits  of  space  prevent  us  from  giving  a  much  fuller  sum- 
mary than  has  been  presented  above  ;  and  also  from  pre- 
senting abstracts  of  a  number  of  the  papers  which  were 
read. 


American  Institute  of  Mining  Engineers. 

The  4Sth  meeting  of  this  Institute  consisted  of  an  excursion 
in  which  quite  as  large  a  number  of  members  joined  as  could 
lie  expected  for  so  long  a  trip.  The  members  left  Chicago 
July  I  and  went  to  Denver,  Pueblo,  Salt  Lake,  Butte  City, 
Helena  and  the  Yellowstone  Park,  reaching  Duluth  on  their 
return  July  24.  Stops  were  made  at  Salt  Lake,  Butte  City  and 
Helena,  and  the  members  were  hospitably  cnterlained  at  each 
of  those  places.  At  Butte  City,  the  Anaconda  Mine  and  the 
great  smeltmg  works  near  by  were  visited.  At  Duluth,  a  num- 
ber of  members,  who  came  to  join  in  the  meeting  there,  were 
found. 

THE   DULUTH    MEETING. 

The  Duluth  (49th)  meeting  began  on  Monday,  July  25,  when 
the  opening  session  was  held  in  the  new  Opera  House.  Ad- 
dresses of  welcorre  were  made  by  Mayor  J.  B.  Sulphin  and 
Mr.  William  F.  Phelps,  Secretary  of  the  Chamber  of  Com- 
merce, and  suitable  acknowledgments  were  offered  in  reply  by 
Mr.  John  Birkinbine,  Vice-President  of  the  Institute  and  acting 
President  for  this  meeting,  and  by  the  Secretary  ;  after  which 
Mr.  Birkinbine  presented  a  paper  on  the  Progress  of  the  Lake 
Superior  Region.  This  was  a  very  long  and  exhaustive  pre- 
sentation of  the  present  condition  and  capacities  of  the  region. 

In  the  afternoon  an  excursion  to  the  Dalles  of  the  St.  Louis 
River  was  successfully  carried  out. 

At  the  evening  session,  held  in  the  parlor  of  the  Duluth 
Boat  Club  House.  Mr.  Birkinbine  gave  the  com  lusion  of  his 
elaborate  paper  on  the  industries  of  the  region.  The  remainder 
of  the  evening  was  occupied  with  a  most  interesting  paper  by 
Mr.  I'er  Larsson,  of  Iron  Mountain,  Mich.,  on  the  Chapin 
Mine  in  the  Menominee  Range.  This  paper  derived  special 
importance  from  the  circumstance  that  the  Chapin,  one  of  the 
great  producing  iron  mines  of  that  range,  was  near  being 
ruined  by  caves,  resulting  from  the  attempt  to  employ  the 
Nevada  system  of  square  timbering  to  hold  open  the  immense 
stopes,  and  has  been  rescued  by  the  introduction  of  a  system 
of  solid  filling.  The  session  was  concluded  with  the  reading 
of  a  Note  on  the  Region  North  of  Vermilion  Lake  District,  by 
Theodore  B.  Comstock,  Champaign,  111. 

Tuesday  was  occupied  with  an  excursion  to  Two  Harbors  and 
the  Vermilion  mines  of  the  Minnesota  Iron  Company. 

The  third  session  was  held  in  the  rooms  of  the  Board  of 
Trade  on  Wednesday  morning,  July  27,  when  the  following 
papers  were  read  and  discussed  : 

The  Iron  and  Steel  Industry  in  Canada;  J.  H.  Bartlett, 
Montreal.  Canada. 

Two  Conditions  of  Phosphorus  in  Iron  ;  Prof.  15.  W.  Cheever, 
Ann  Arbor,  Mich. 

Experiments  Illustrating  the  Descent  of  the  Charge  in  an 
Iron  Blast  Furnace  ;  Prof.  R.  H.  Richards  and  R.  W.  Lodge, 
Boston. 

The  following  papers  were  read  by  title  ; 

A  Deposit  of  Bauxite  ;   Edward  Nichols,  Hermitage,  Ga. 

Mode  of  Deposition  of  the  Iron  Ore  of  the  Menominee 
Range;  John  Fulion,  Cambria,  Pa. 

Method  of  Mining  in  the  Menominee  Range;  John  Fulton, 
Cambria,  Pa. 

Topographical  Models  and  their  Construction  ;  J.  H.  and 
E.  B.  Harden,  Pho-nixville,  Pa. 

The  Incline  Railway  at  Lookout  Mountain  ;  W.  H.  Adams, 
New  York  City. 

The  Lead,  Zinc  and  Copper  Reduction  Works  of  the  United 
States  ;  C.  Kirchhoff,  Jr.,  New  York  City. 

Wire  Rope  Haulage  :  F.  C.  Roberts,  Philadelphia,  Pa, 

Silicon  Determinations  in  Blast-Furnace  Cinder  ;  Clemens 
Jones,  Hokendauqua,  Pa. 

Coal  Mining  in  Utah  ;  C.  A.  Ashburner,  Pittsburgh,  Pa. 

Further  Notes  on  the  Silver  Plant ;  Ellen  H.  Richards,  Bos- 
ton, Mass. 

The  Segregation  of  Copper-Silver  Alloys  ;  F.  F.  Clausen, 
New  Orleans,  La. 

Inoreranic  Standards  for  the  Calorimetric  Carbon  Test  ;  Theo- 
dore W.  Robinson,  Joliet.  III. 

A  Crystalline  Sub-Sulphide  of  Iron  and  Nickel  ;  J.  B.  Mack- 
intosh, Bethlehem,  Pa. 

Carbonate  Iron  Ores  at  Enterprise,  Miss. ;  Alfred  T.  Brainerd, 
Birmingham,  Ala. 

The  Gogebic  Mines  ;   R.  A.  Parker,  Hurley,  Wis. 

The  Vermilion  Lake  Mines;    T.  H.  Hulbert.  Duluth.  Minn. 

Twenty  Years'  Progress  in  the  Concentration  of  Sulphuric 
Acid  ;  W.  H.  Adams,  New  York  City. 

Some  30  new  members  and  associates  were  elected  at  this 
session,  and  after  the  passage  of  the  usual  resolution  of  thanks 
the  meeiing  was  adjourned. 
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A  sail  around  the  harbor  of  Duluth  in  the  afternoon,  and  a 
reception  in  the  evening  in  the  Hall  of  the  Board  of  Trade, 
concluded  the  exercises  at  Dululh. 

On  Thursday  morning,  July  28,  the  members  left  Duluth 
and  took  a  train  over  the  Northern  Pacific  to  Ashland,  Wis. 
On  Ihe  way  a  short  stop  was  made  at  the  point  where  the  Ash- 
land Furnace  Company  is  putting  up  a  new  charcoal  furnafe, 
60  ft.  high  with  i2-)t.  bosh. 

After  reaching  Ashland  the  party  saw  the  great  ore  docks, 
too'.-  a  sail  around  the  harbor  and  were  entertained  by  the  citi- 
zens of  Ashland  in  the  evening. 

On  the  following  day,  July  2g,  the  members  took  a  special 
train  to  Hurley,  Wis.,  and  from  that  point  as  a  center  proceeded 
to  examine  the  mines  of  the  new  Gogebic  iron  region.  With 
this  excursion  and  examination  the  meeting  closed,  and  the 
members  dispersed. 


Master  Car  &  Locomotive  Painters'  Association. 

The  iSth  annual  convention  of  this  Association  will  be  held 
at  the  Grand  Central  Hotel  in  New  York,  beginning  on  Wed- 
nesday, September  14,  at  10  A.  M. 

Members  desiring  to  attend  and  secure  rooms  at  the  hotel 
should  apply  to  the  Chairman  of  the  Committee,  Alexander 
Campbell,  Manhattan  Railroad,  New  York. 

The  following  list  of  subjects  will  be  brought  before  the  con- 
vention, being  introduced  by  the  committees  to  whom  they  have 
been  assigned.  It  is  hoped  that  each  member  of  a  committee 
will  be  prepared  to  report  fully  on  the  subject,  and  if  unable 
to  be  in  attendance  at  the  meeting,  forward  their  report  to  the 
Secretary,  Mr.  Robert  McKeon,  Kent,  Ohio,  by  Septem- 
ber  8  : 

No.  I.  It  is  generally  admitted  that  scarcely  two  Samples  of 
Japan  of  Different  Manufacture  will  give  like  results  as  to  Dry-    ' 
ing  and  Binding  Qualities.     Why  should  there  be  such  a  Vari-    | 
ation,  and  can  we   not  have  a  Standard  of  Specifications  as  to 
Drying  and    Binding?      In  what   way   shall  such   a  Standard 
for  Japan   be  determined?     Byron  Stanbury,    Union    Pacific,    ! 
Omaha,    Neb.;    Alex.    Campbell,   Manhattan    Elevated,   New    , 
York. 

No.  2.  Does  the  addition  of  Japan  to  Raw  Linseed  Oil  Re- 
tard in  Drying  if  used  in  Excessive  Quantities,  and  what  Vari- 
ation is  there  in  the  Drving  Qualities  of  Japans,  when  mixed  [ 
with  Raw  Linseed  Oil?  M.  WTStines,  Barney  &  Smith  Manu- 
facturing Co.,  Dayton,  O.;  A.  E.  Barker,  Chicago  &  North- 
western, Chicago  ;  R.  W.  Scott,  Delaware  Car  Works,  Wil- 
mington, Del. 

No.  3.  What  is  the  Maximum  Amount  of  Japan  that  can  be 
used  with  Safety,  and  the  Proportion  to   Raw  Linseed  Oil?   1 
Jos.  J.  Murphy,  Louisville  &  Nashville,  Louisville,  Ky.;    H.    I 
Libby,  Charles  River,  Boston,  Mass.;  Wm.  E.  Hibbard,  Boston 
&  Albany,  Mass. 

No.  4.  What  Quantity  of  Oil  Paint  composed  of  Metallic 
Paint,  Linseed  Oil  and  Japan,  should  constitute  a  Good  Coat  to 
the  Square  Yard  of  Surface,  Amount  in  Weight  and  also  Meas- 
ure ?  F.  S.  Ball,  Pennsylvania  Railroad,  Altoona,  Pa.;  M.  L. 
Sims,  East  Tennessee,  Virginia  &  Georgia,  Atlanta,  Ga.  1 

No.  5.  Would  it  be  more  Economical  for  the  Painter  to 
Manufacture  his  own  Japan,  or  continue  to  use  that  of  the 
Manufacturer?  Geo.  O.  Widner,  late  of  Lake  Shore  &  Michi- 
gan Southern,  Buffalo,  N.  Y.;  H.  M.  Billings,  Pittsburgh.  Cin- 
cinnati lV  St.  Louis,  Columbus,  O. 

No.  6.  Management  of  the  Railwav  Paint  Shop.  E.  L.  Bige- 
low,  Baltimore  &  Ohio,  Baltimore,  Md. 

No.  7.   What  Constitutes  the  best  Priming  Coat  of  Paint  for    ; 
Locomotives   and    Tanks?     Jno.    S.   Atwater,    Ilinkley    Loco-    • 
motive  \Vorks,  Boston.  Mass  ;  F.  M.  Widner,  New  York,  Lake    i 
Erie  it  Western,  Buffalo,  N.  Y.;  C.  C.  Wood,  Pennsylvania  & 
New  York.  Sayre,  Pa. 

No.  8.   What  is  the  Best  Method  of  Mixing  and  Grinding  Car- 
Body  Colors  to  Ensure  the  Greatest  Durability  ?   Jacob  Hoesly. 
Pennsylvania   Railroad.   Meadows  Shops,   N.  J.;  Robert  Mc-    ' 
Keon.'New   York,   Pennsylvania  .S:  Ohio.   Kent,  Ohio;   John    1 
Rattenbury,  Chicago,  Rock  Island  &  Pacific,  Chicago,  III. 

No.  g.  Causes  of  Iron  Rusting  under  the  Priming  Coat  of 
Paint  and  the  Effect  Rust  has  on  Paint  >  A.  J.  Bishop,  Cleve- 
land. Columbus,  Cincinnati  I'v:  In<lianapolis,  Delaware,  O.;  C. 
C.  Young,  Chicago,  Rock  Island  \  Pacific,  Trenton.  Mo. 

No.  10.  Is  it  Advisable  to  Paint  the  Inside  {water  space)  of 
an  Engine  Tank  to  protect  it,  and  what  Material  would  you 
consider  it  best  to  use  ?  Samuel  Brown,  Old  Colony,  Boston, 
Mass.;   E,  E.  Earl,  Northern  Pacific,  St.  Paul,  Minn. 

By  resolution  passed  at  the  last  convention  in  Chicago,  each 
member  was  requested  to  prepare  three  panels,  one  each  of 
Tuscan   red,  straw  color  and  olive   brown,  according  to  their 


own  formula,  <  .\|r  ,.sc  them  to  the  weather  and  report  results  in 
writing  at  this  convention. 

Foremen  painters  of  all  car  and  locomotive  shops  are  in- 
vited to  attend  the  convention. 


National  Electric  Light  Association. 

For  the  following  report  of  the  Boston  convention  we  are 
largely  indebted  to  the  courtesy  of  the  Eltelrical  U'or/J. 

The  convention  was  called  to  order  on  Tuesday,  August  9, 
at  10:30  A.  M..  by  President  Morrison.  After  a  short  address 
setting  forth  the  objects  of  the  meeting  the  President  intro- 
duced Mayor  O'Brien,  of  Boston,  who  welcomed  the  members 
to  the  city. 

The  report  of  the  Secretary  and  Treasurer  was  then  read, 
which  shows  a  balance  of  $842  in  the  treasury  of  the  Asso- 
ciation. 

Mr.  Arthur  Stuart  then  read  the  report  of  the  Legal  Com- 
mittee and  Committee  on  Patent  Legislation.  The  report 
recommended  the  establishment  of  a  patent  court  to  decide 
questions  which  are  now  subject  to  a  scattered  jurisdiction  ; 
and  it  also  advocated  appointment  and  promotion  similar  to 
that  pursued  in  the  Army  and  Navy,  together  with  the  pension- 
ing of  the  examiners  after  a  service  of  a  certain  length.  In 
order  to  carry  out  these  measures  and  bring  them  properly 
before  Congress,  the  report  suggested  that  the  next  meeting  be 
held  at  Washington. 

The  report  of  Committee  on  Revision  of  By-Laws,  I.  J.  De 
Camp,  Chairman,  v.as  then  read.  After  one  amendment, 
allowing  four  representatives  of  one  company  to  become  mem- 
bers of  the  association  instead  of  three,  the  report  was  made  a 
special  order  for  the  Thursday  session.  , 

Mr.  A.  \'.  Garratt  read  the  report  on  Wire  Gauge,  which  was 
accompanied  by  a  printed  table.  Mr.  Garratt  gave  an  account 
of  the  various  authorities  consulted  in  the  construction  of  the 
table.  After  discussion  by  Mr.  C.  O.  Mailloux  and  Dr.  Moses, 
the  question  was  made  a  special  order  for  Thursday. 

The  Secretary  then  read  the  report  on  Proper  Insulation  of 
Wires  and  Proper  Installation  of  Electric  Light  Plants. 

The  Committee  consisting  of  Profs.  E.  1.  Houston  and  W.  H. 
Marks,  Mr.  Carl  Hering  and  Mr.  M.  M.'Garver  reported  that 
on  account  of  lack  of  funds  no  experiments  would  be  under- 
taken, but  they  formulated  a  code  of  tests  for  wires.  On 
motion  of  Mr.  W.  W.  Leggett,  the  report  was  laid  on  the 
table. 

At  the  opening  of  the  afternoon  session,  Mr.  M.  M.  Slattery 
presented  a  report  from  the  Committee  on  Electric  Distribution 
by  Means  of  Alternating  Currents.  The  report  was  discussed 
by  Mr.  S.  H.  Duncan,  Dr.  Moses,  Messrs.  Kimball,  De  Camp, 
Smith  and  others  and  accepted. 

Mr.  E.  R.  Weeks  then  read  a  forcible  paper  on  the  subject 
of  Electrical  Education. 

An  invitation  from  the  Boston  Electric  Club  to  visit  Nahant, 
Lynn  and  Point  of  Pines  by  boat  was  received. 


On  the  second  day  Lieutenant  Murdock,  U.  S.  N.,  read  a 
paper  on  Electric  Light  Outfit  for  Cruisers,  which  was  followed 
by  a  brief  discussion. 

The  resignation  of  Mr.  Morrison,  as  President;  was  tendered, 
but  was  not  accepted. 

Dr.  L.  Waldo  described  some  interesting  apparatus  for  wire 
bending  tests  and  gave  data  in  regard  to  silicon-bronze  wires. 

Invitations  to  visit  and  inspect  plant  were  read  from  the 
Meigs  Elevated  Railroad  and  the  New  England  Telephone  & 
Telegraph  Company. 

Mr.  C.  Cooper's  resignation  as  Treasurer  was  accepted  with 
regret. 

The  afternoon  and  evening  were  given  up  to  the  steamboat 
excursion,  which  closed  with  a  dinner  at  Point  of  Pines. 


On  the  third  day  a  large  portion  of  the  morning  session  was 
devoted  to  a  discussion  of  various  constitutional  amendments. 
Among  the  speakers  were  Mr.  De  Camp,  Dr.  Moses  and  Mr. 
Phelps. 

The  report  of  the  Committee  on  Wire  Gauge  was  then  taken 
up  and  briefly  discussed.  On  motion  of  Mr.  Phelps,  it  was 
received  with  the  idea  that  the  members  should  do  as  much  as 
they  could  to  encourage  the  making  and  ordering  wire  on  the 
metric  system. 

At  the  closing  session  in  the  afternoon,  an  interesting  paper 
was  presented  by  Mr.  C.  O.  Mailloux,  on  Storage  Batteries. 

Mr.  A.  Reckenzaun,   of  England,   read   an  important  paper 
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on  Electricity  as  a  Motive  Power,  discussing  not  only  the  sub- 
ject of  storage  batteries,  but  their  use  with  electric  motors  in 
propelling  street-cars,  launches,  etc. 

The  papers  were  an  epiti>mc  of  work  in  this  field  to  date, 
and  contained  a  variety  of  striking  figures.  They  were  dis- 
cussed together. 

Messrs.  S.  A.  Duncan,  T.  C.  Smith  and  W.  W.  Leggett 
were  chosen  members  of  the  ICxecutive  Committee,  to  succeed 
r.  A.  Gilbert,  S.  F.  Holbrook  and  Dr.  O.  A.  Moses,  resigned. 

Pittsburgh  was  chosen  as  the  place  for  holding  the  next  con- 
vention, in  l-ebtuary,  1S88. 

The  meeting  closed  with  a  brief  talk,  started  by  Dr.  Leggett, 
on  the  underground  question. 


American  Water-Works  Association. 

The  annual  convention  of  this  .Association  began  in  Minne- 
apolis, Minn.,  July  13.     At   the   opening  session  President  B. 

F.  Jones  made  his  -mnual  address,  dealing  with  the  question  of 
pure  water  for  the  future. 

The  customary  addresses  of  welcome  were  received  and  re- 
sponded to.  Mr.  Y.  N'akajinni,  a  Japanese  engineer  now 
visiting  this  country,  was  chosen  an  honorary  member.  Sev- 
eral new  members  were  admitted. 

Secretaiy  J.  H.  Decker  then  read  his  brief  annual  report, 
showing  iSo  active  and  51  associate  members.  The  Association 
spent  !f675  during  the  year  and  received  8905. 

At  the  afternoon  session  the  following  papers  were  read  : 
Ground  Water  as  a  Source  of  Supply  ;  A.  C.  Sekell.  Private 
Water  Companies;  H.  F.  Dunham.  Recording  (Gauges  ; 
Charles  -A.  Hague.  There  was  a  discussion  on  the  use  of  Rev- 
olution Counters  in  computing  pumpage. 

An  evening  session  was  held,  at  which  there  were  discussions 
on  the  Basis  of  Taxation  of  Water-Works  Property  and  on  the 
Relative  Economy  of  Management  by  Private  Companies  and 
Municipal  Corporations. 

On  the  second  day  papers  were  read  as  follows  :  Natural 
Filtration  ;  G.  W.  Pearsons.  Filtration  or  Subsidence  ;  J.  D. 
Cook.  Classification  and  Purification  ;  M.  Gardner.  There 
was  a  long  discussion  on  Filtration  and  the  use  of  wells  ad- 
joininq;  river  supplies. 

At  the  afternoon  session  three  papers  were  read  :  Fungus  or 
Mossy  Growths  ;  S.  McElroy.     Reservoirs,  Open  or  Closed  ; 

G.  E.  Beach.     Legal  Aspects  of  the  Water  Question  ;   G.  E. 
Beach. 

After  the  session  the  members  visited  the  Falls  of  Minneha- 
ha in  carriages. 

On  the  third  day  only  one  paper  was  read,  on  Property  in 
Water,  by  A.  H.  Denman. 

It  was  decided  to  print  this  paper  of  Mr.  Denman  and  his 
treatise  on  the  legal  points  in  pamphlet  form.  A  committee 
was  appointed  to  prepare  suitable  eulogies  on  deceased  mem- 
bers. 

It  was  decided  to  hold  the  next  Convention  in  Cleveland, 
O.,  April  13,  1S88.  The  following  officers  were  elected  for  the 
ensuing  year  : 

President,  J.  T.  Fanning,  Minneapolis,  Minn. 

Vice-Presidents,  J.  M.  Diven.  Elmira,  N.  Y. :  N.  J.  Milner, 
Birmingham,  Ala.:  J.  W.  Henion,  Minneapolis,  Minn.;  J.  P. 
Donahue,  Davenport,  la.;   H.  W.  Ayers,  Hartford,  Conn. 

Secretary  and  Treasurer,   [.  H.  Decker,  Hannibal.  Mo. 

Finance  Committee.  A.  H.  Denman.  Des  Moines,  la.;  B. 
Espv,  Wilkesbarre,  Pa.;  C.  N.  Pnddy,  LeadviUe,  Col. 

After  disposing  of  the  routine  business,  the  Convention  ad- 
journed. 

The  meeting  closed  by  excursions  to  St.  Paul  and  Lake  Min- 
netonka  ;  the  annual  banquet  was  held  at  the  Lake. 


Engineers'  Club  of  Kansas  City. 

In  place  of  the  regular  meeting  of  August  i,  this  Club  took 
an  excursion  on  July  30,  to  Sibley,  Mo.,  where  the  Chicago, 
Santa  F6  &  California  road  is  to  cross  the  Missouri  River,  by 
invitation  of  Mr.  Octave  Chanute,  Consulting  Engineer  of  the 
works.  There  were,  including  ladies  and  other  invited  guests, 
52  in  the  party,  which  was  taken  to  Sibley  in  a  special  car  on 
the  Wabash  road.  Mr.  I.  F.  Wallace,  Resident  Engineer  at 
the  bridge,  conducted  the  visitors  to  the  scene  of  operations. 

Alter  examining  the  plans  and  materials  and  the  arrange- 
ments for  prosecuting  the  work,  they  were  served  a  lunch. 
Subsequently,  a  few  of  the  more  adventurous  members  of  the 
party  descended  into  the  caissons,  from  which  they  emerged, 
a  few  moments  later,  drenched  and  almost  exhausted.  They 
declared  that  the  temperature  of  the  outside  atmosphere  at  97° 


was  wintry  in  comparison  with  the  temperature  (no  )  which 
they  experienced  during  their  short  stay  in  the  caissons. 

In  the  afternoon  the  guests  were  conducted  aboard  the  con- 
tractor's steamboat  by  Mr.  Sooysmith  and  took  a  short  trip  on 
the  river. 

The  bridge  proper  will  consist  of  3  spans  of  400  ft.  each,  1 
span  of  250  ft.,  I  span  ol  200  ft.  and  2  spans  of  175  ft.  each, 
making  the  entire  length  of  the  main  structure  2,000  ft.  It 
will  be  approached  on  the  north  side  by  an  iron  trestle  goo  ft. 
long  and  a  wooden  trestle  3,700  ft.  long,  making  the  length  of 
the  bridge,  with  approaches,  6,600  ft.  in  all. 


Western  Society  of  Engineers. 

A  KKGUi  AK  meeting  was  held  in  Chicago,  July  5,  at  which 
Professor  A.  N.  Talbot,  of  the  University  of  Illinois,  was 
elected  a  member. 

A  resolution  was  adopted  authorizing  the  President  to  ap- 
point delegates  to  a  Convention  of  Engineering  Societies, 
whenever  such  a  convention  should  be  called,  as  proposed  by 
the  Board  of  Managers  of  the  Association  of  Engineering 
Societies. 

The  Librarian  announced  the  receipt  of  several  new  books, 
and  was  authorized  10  prepare  and  publish  a  catalogue  of  the 
library. 

Mr.  John  Lundie  read  a  paper — Notes  on  Concrete.  This 
paper  was  discussed  by  Messrs.  Artingstall,  Williams,  Gottlieb 
and  others. 

Council  of  Engineering  Societies. 

The  Council  of  Engineering  Societies  on  National  Public 
Works  has  issued  the  following  circular  : 

"The  Executive  Board  finds  such  a  growing  sentiment  in 
favor  of  a  broad  and  general  consideration  of  the  question  of 
the  policy  to  be  pursued  toward  the  public  works  of  the  country, 
both  in  the  legislative  and  executive  features,  that  it  feels  re- 
newed encouragement  in  continuing  its  labors. 

"  The  various  societies  are  expected  to  continue  their  com- 
mittees and  be  ready  to  consider  any  matter  that  may  be  laid 
before  them  ;  meantime  any  work  which  these  committees  can 
do,  or  any  suggestions  and  results  which  they  may  lay  before 
the  Executive  Board,  will  promote  the  general  objects  of  this 
organization. 

"A  cordial  invitation  is  extended  to  all  societies,  not  now 
represented  in  the  Council,  to  appoint  committees  on  National 
Public  Works.  The  Secretary  will  publish  all  necessary  in- 
formation," 

The  officers  of  the  Council  (which  is  an  entirely  different 
body  from  the  Association  of  Engineering  Societies!  are : 
President,  L.  E.  Cooley ;  Secretary,  John  Eisenmann,  No. 
44  Euclid  Avenue,  Cleveland,  Ohio. 


American  Institute. 

The  Polytechnic  Section  of  the  American  Institute  purposes 
enlarging  its  field  of  operation  and  popularizing  its  work  by 
adding  during  the  coming  winter  a  course  of  familiar  lectures 
on  scientific  subjects. 

These  lectures  will  be  given  on  the  first  and  third  Thursday 
evenings  in  each  month  at  the  Institute  Rooms  in  New  York. 
The  subjects  will  be  announced  from  time  to  time.  The 
regular  meetings  of  the  Section  are  devoted  to  short  papers, 
discussions  and  exhibition  of  new  inventions. 


American  Society  of  Mechanical   Engineers. 

The  Secretary,  Mr.  F.  R.  Hutton,  gives  preliminary  notice 
of  the  annual  meeting  of  this  Society,  which  is  to  be  held  in 
the  Citv  of  Philadelphia,  Pa.,  in  the  latter  part  of  the  month 
of  November.  The  exact  date  and  details  will  be  the  subject 
of  a  later  announcement,  as  usual.  Applications  for  member- 
ship to  take  effect  at  this  meeting  should  be  in  the  Secretary's 
hands  by  October  i,  to  allow  for  the  correspondence  required 
by  them  under  the  new  form  of  blank.  To  admit  also  of  a 
little  earlier  distribution  of  the  printed  papers  in  advance  of 
the  meeting,  to  allow  more  time  for  the  preparation  of  discus- 
sions upon  them,  which  has  been  asked  for,  the  MSS.  of  papers 
for  this  meeting  should  be  forwarded  to  the  Publication  Com- 
mittee before  September  24. 

The  Secretary  would  like  to  have  authors  forward  at  once  to 
him  the  titles  of  papers  for  the  meeting,  in  advance  of  the  piep- 
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aration  of  their  text.  This  plan  avoids  the  embarrassment  to 
the  Secretary  and  to  authors  which  follows  when  the  docket 
has  to  be  kept  in  uncertainty  up  to  the  very  limit  of  date.  The 
Secretary's  office  is  at  No.  2S0  Broadway,  New  York  City. 


Master  Car-Builders'  Association. 

Ihe  following  notice  has  been  issued  from  the  olRcc  of  the 
Secretary,  No.  45  Broadway,  New  York. 

"  The  circulars  and  cards  for  the  letter-ballots  ordered  by 
the  Master  Car-Builders'  Association  at  the  Minneapolis  con- 
vention have  all  been  sent  to  members  of  the  Association  by 
mall.  If  any  membvr  has  not  received  the  circular,  he  will 
confer  a  favor  on  the  Secretary  by  informing  him  at  once. 

'•  The  subjects  of  the  letter-ballots  are  :  I.  Standard  Type 
of  Coupler.  2.  Rigging  for  Non-Automatic  Draw-Gear. 
3.  Standard  Axles,  Journal-Bo-K.  etc.,  for  cars  of  60,000  lbs. 
capacity.     4.  Standard  Sizes  of  Lumber  for  Freight  Cars." 

PERSONALS. 


Mr.  J.  H.  E.  Waters  is  Chi, 
Silverton  Railroad  in  Colorado. 


f    I'.ngineer  of  the   projected 


Mr.  Albert  M.  Stahl  has  been  appointed  Assistant  Naval 
Constructor  in  the  United  States  Navy. 

Mr.  Edward  P.  North  has  been  appointed  Chief  Engineer 
of  the  New  Haven  &  Derby  Railroad. 


Mr.  Jc 

Chicago. 


roje 


Mr.  G.  H.  Randall  has  been  appointed  City  Engineer  of 
Fond  du  Lac,  Wis.,  in  place  of  N.  Boardman,  resigned. 

Mr.  D.  H.  Rhodes  has  been  appointed  Chief  Engineer  of 
the  Wichita  &  Western  Railroad,  with  office  at  Wichita, 
Kansas. 

Mr.  W.  J.  Murphy  succeeds  Mr. 
General  Superintendent  of  the  New 
Western. 


Mr.  L.  F.  Billinger,  C.  E., 
of  Engineering  and  .\rchitec 
Vermont. 


has  been  appointed    Professor 
ure    in    Norwich    University   in 


Mr.  J.  C.  Turner,  of  Winchester,  Va.,  is  Chief  Engineer 
In  charge  of  the  surveys  of  the  projected  Louisville,  Cincinnati 
&  N'irginia  road. 


Mr.  Horace  G.  Burt  is 
Chicago  &  Northwestern  r 
dent  of  the  Iowa  Division. 


ted    Chief  Engineer  of   the 
le  was  recently  Superinten- 


George  G.  McWhorter,  Edward  J.  Vann  and  William 
Hines  have  been  appointed  Railroad  Commissioners  "f  I'lorida 
bj  the  Governor  of  that  State. 

Mr.  J.  M.  Meade  has  been  appointed  Assistant  Engineer 
of  the  Eastern  Division  of  the  Atchison,  Topeka  &  Santa  Fe 
road,  with  office  at  Topeka,  Kansas. 

Mr.  E.  H.  Johnson  has  retired  from  the  office  of  Chief  En- 
gineer of  ihc  Chicago  &  Northwestern  road,  but  will  remain 
with  the  company  as  Consulting  Engineer. 

Chief  Eng:ineer  A.  H.  Able,  V.  S.  N.,  has  been  ordered  on 
special  duty  in  connection  with  the  new  cruisers  now  building 
at  Cramp  &  Sons'  shipyard  In  Philadelphia. 

Mr.  W.  H.  Baker  has  been  appointed  Assistant  Engineer 
of  the  New  Mexico  Division  of  the  Atchison,  Topeka  &  Santa 
F6  road,  with  office  at  Las  Vegas,  New  Mexico. 

Mr.  W.  Gessler  has  been  appointed  Master  Mechanic  of 
the  Southwestern  Division,  Chicago,  Rock  Island  &  Pacific 
Railway,  to  succeed  R.  O.  Carscadin.  deceased. 

Mr.  W.  H.  Earle  has  been  appointed  Assistant  Engineer  of 
the  Middle  and  Western  divisions  of  the  Atchison,  Topeka  & 
Santa  Fe  road,  with  office  at  Nickerson,  Kansas. 

Mr.  Benjamin  Thomas  has  resigned  his  position  as  Gen- 
eral Superintendent  of  the  New  York.  Lake  Erie  (.V  Western 
Railroad.      He  has  been  on  the  road  nearly  40  years. 


Mr.  Harry  Wilkins  has  been  appointed  Master  Car-Builder 
of  the  Natchez,  lackson  &  Columbus  Railroad,  with  office  at 
Natchez,  Miss,     lie  succeeds  (iriffith  Enders,  deceased. 

Mr.  Benjamin  Reece  has  been  appointed  Chief  Engineer 
of  the  Toledo,  Ann  Arbor  cV  North  .Michigan  Railroad.  He 
was  recently  on  the  Lake  Shore  iV:  Michigan  Southern. 

Mr.  Yokichi  Yamada,  who  is  professor  of  Mechanical 
Engineering  in  the  I'nivcrsity  of  Tokio,  Japan,  is  a  graduate 
of  the  Stevens  Institute  of  Technology,  of  the  Class  ol  1876. 

Chief  Engineer  Cipriano  Andrade,  U.  S.  N.,  has  been 
ordered  to  special  duty  at  Cramp  ..\:  Sons'  shipyard  in  Phila- 
delphia, in  connection'  with  the  new  cruisers  now  building 
there. 

The  divisions  of  the  office  of  the  Chief  of  Engineers, 
U.  S.  A.,  have  been  placed  under  the  charge  of  Major  Charles 
W.  Raymond,  Major  James  C.  Post  and  Captain  Thomas 
Turtle. 

Ensigns  G.  W.  Street  and  J.  W.  McKay,  of  the  U.  S. 
Navy,  have  been  selected  by  the  Secretary  of  the  Navy  to  take 
a  course  of  study  in  France  to  fit  them  to  become  constructors 
in  the  Navy. 

Mr.  Sherburne  Sanborn  has  been  appointed  General  Super- 
intendent of  the  Chicago  &  Northwestern  Railway.  He  has 
been  for  several  years  Assistant  to  Mr.  C.  C.  Wheeler,  whom 
he  now  succeeds. 

Mr.  George  B.  Whiting  will,  it  is  stated,  retire  on  October 
I  from  the  position  of  Chief  Draftsman  in  the  Bureau  of  Steam 
ICngineering  in  the  Navy  Department.  Mr.  Whiting  has  held 
the  position  since  1S68. 

Mr.  Stevenson  Towle,  late  Chief  Engineer  of  Sewers,  De- 
partment of  Public  Works.  New  York  City,  will  sail  soon  for 
Europe  to  examine  the  systems  of  drainage  and  sewage  disposal 
recently  constructed  there. 

Captain  John  Ericsson,  the  well-known  engineer  and  in- 
ventor, was  84  years  old  on  July  31.  He  lives  quietly  at  No. 
84  Beach  Street,  New  York,  still  spending  his  time  chiefly  in 
studying  and  experimenting. 

Mr.  W,  L.  Cameron,  who  has  for  over  fifteen  years  been 
Secretary  and  Superintendent  of  the  Memphis  Water  Company, 
has  resigned  the  position  of  Secretary  and  been  appointed  Gen- 
eral Superintendent  of  the  Company. 

Mr.  Rudolph  Hering,  Chief  Engineer  of  the  Chicago  Drain- 
age and  Water  Supply  Commission,  is  to  examine  and  report 
on  the  sewerage  system  of  the  City  of  New  York,  under  direc- 
tion of  the  Commissioner  of  Public  Works. 

Mr.  John  M.  Whitman  is  appointed  General  Manager  of 
the  Chicago  \  Northwestern  Railway,  succeeding  Mr.  Marvin 
Hughitt,  who  is  now  President  of  the  company.  Mr.  Whit- 
man has  been  for  several  years  General  Superintendent  of  the 
Iowa  lines  of  the  company. 

Mr.  D.  F.  Maroney,  Manager  car  record  office  of  the  Bal- 
timore iS:  Ohio,  has  accepted  the  position  of  Associate  Editor 
of  the  O/Jiciii/  Kail-Miv  Eqiiipmail  Guide.  Mr.  Maroney  is  one 
of  the  foremost  members  of  the  Car  Accountants'  .Association 
and  has  done  much  to  advance  the  interests  of  that  organiza- 
tion. He  is  the  author  of  several  e.xcellent  papers  read  before 
that  Association. 

George  L.  Perkins,  Treasurer  of  the  Norwich  \  Worcester 
Railroad  Company,  is  undoubtedly  the  oldest  railroad  officer 
in  this  country,  and  probably  in  the  world.  Colonel  Perkins 
was  born  August  5,  1788,  so  that  he  is  now  over  gg  years  old. 
He  was  chosen  a  director  of  the  Norwich  &  Worcester  Com- 
pany in  1S35  and  Treasurer  in  1S37.  .Notwithstanding  his 
great  age.  he  is  still  active  and  attends  punctually  to  the  duties 
of  his  office. 

Mr.  Charles  C.  Wheeler  has  resigned  his  position  as  Gen- 
eral Superintendent  of  the  Chicago  &  Northwestern  Railway, 
and  retired  from  that  office  July  3r.  Mr.  Wheeler  has  served 
on  the  road  as  General  Freight  Agent,  Assistant  (General  Sup- 
erintendent and  his  late  office  for  a  number  of  years.  His  ser- 
vice has  not  been  continuous,  however,  as  he  was  for  a  time 
General  Freight  Agent  of  the  Michigan  Central,  and  from  1S81 
to  1S83  General  Manager  of  the  Atchison.  Topeka  \-  Santa  Fe. 
He  will  retire  from  active  business  altogether. 

Chief  Engineer  George  W.  Melville,  U.  S.  N..  has  been 
appointed  Chief  of  the  Bureau  of  Steam  Engineering  in  the 
Navy  Department  in   piace  of  Commodore  George  B.  Lorirg,. 
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relieved  at  his  own  request.  Mr.  Melville  was  born  in  the 
City  of  New  York,  January  10,  1841,  and  is  consequently  in  his 
47th  year.  He  was  educated  partly  in  the  Academy  of  the 
Christian  Brothers  and  partly  in  the  Polytechnic  .School  of  New 
V(irk.  At  the  age  of  17  years  he  entered  the  East  Brooklyn 
engine  shops  as  a  machinist  apprentice.  Three  years  later,  in 
July,  1S61,  he  was  appointed  an  assistant  engineer  in  the  Navy, 
and  was  soon  ordered  to  duty  with  the  flying  squadron,  serving 
first  in  the  Dakota  and  then  in  the  S.mliago  de  Cuba,  under 
Wilkes.  From  this  vessel  he  was  transferred  to  the  U'achu.u-tt 
and  promoted  to  passed  assistant.  He  made  two  cruises  in  the 
Wachiisett,  and  was  in  her  when  she  took  the  Confederate 
l-'lorida  in  Bahia  Roads.  The  following  year  he  was  employed 
in  torpedo  service.  After  the  war,  Mr.  Melville  served  in  the 
Chattanooga,  ths  J^eiiobscot  and  the  Laiicaslci:  He  was  then 
chosen  ari  engineer  of  the  Tign-ss  in  the  Hall  Relief  Arctic  Ex- 
pedition, after  which  he  made  a  cruise  in  the  Teitucssee.  Mr. 
Melville  was  .selected  as  Chief  Engineer  of  the  Jfaninlle,  and 
his  exploits  in  the  escape  of  her  crew  from  the  ice  pack  hy  way 
of  Siberia  have  given  him  undying  fame  in  the  annals  of  Arctic 
enterprise.  It  is  not  disputed  that  but  for  the  endurance  and 
the  unfailing  courage  of  Melville  no  part  of  the  crew  of  the 
Jcaiiiietic  would  ever  have  seen  home  again.  Me  was  again 
selected  for  Arctic  service  as  Chief  Engineer  of  the  TJietis  and 
fleet  engineer  of  the  Greely  relief  squadron  under  Commodore 
Schley.  Under  Secretary  Whitney  Mr.  Melville's  duties  have 
been  altogether  on  shore,  in  positions  requiring  particular  ex- 
pertness  as  a  machinist.  He  was  first  detailed  to  superintend 
the  preparation  of  the  Atinnta's  machinery  for  sea.  Upon  the 
beginning  of  the  contract  work  on  the  Bullimore,  the  1,700-ton 
gunboat  and  the  dynamite  cruiser  at  Cramp's  yard,  he  was 
ordered  there  as  Chief  Inspector  of  Machinery.  And  from 
that  duty  he  has  just  been  promoted  to  the  highest  position  in 
his  corps.  Personally  the  new  Engineer-in-Chief  is  devoted 
to  his  profession  and  possesses,  besides,  a  wide  range  of  scien- 
tific attainments.  He  is  a  hard  worker,  an  indefatigable 
student  and  has  shown  on  trying  occasions  executive  powers 
of  the  most  commanding  character. 


NOTES   AND   NE'WS. 

Westinghouse  Brake. — The  London,  Brighton  &  South 
Coast  Railway  reports  that  four  accidents  have,  during  the  half 
year,  been  avoided  by  the  use  of  the  Westinghouse  automatic 
brake. 

Brazilian  Railroads. — On  December  31,  1S86,  an  official 
statement  gave  the  total  length  of  railroad  in  operation  in 
Brazil  at  5,805  miles.  At  the  same  time  there  were  3,210  miles 
additional  located  and  under  construction. 

Kansas  City  Water  'Works.— The  National  Water  Works 
Company  has  nearly  completed  the  new  reservoir  at  Quindaro, 
near  Kansas  City.  As  soon  as  it  is  ready  for  use  the  supply 
for  the  city  will  be  taken  from  the  Missouri  River,  instead  of 
the  Kansas  or  Kaw  River  as  at  present. 

Brooklyn  Bridge  TralBc. — During  the  month  of  July  the 
number  of  passengers  crossing  the  Brooklyn  Bridge  was  2,- 
215,60s,  an  average  of  71,471  perday.  Of  these  209, 88g,  or  less 
than  10  per  cent.,  were  foot  passengers,  while  2,005,719 — an 
average  of  64,701  per  day — were  carried  in  the  cars. 

Steel  Ties. — The  Pennsylvania  Railroad  Company  will  put 
down  4  short  sections  between  Pittsburgh  and  New  York  with 
steel  ties  and  with  very  heavy  rails,  secured  to  the  ties  hy  chairs. 
Careful  watch  will  be  kept  of  these  sections  to  determine  the 
relative  cost  and  endurance  of  steel  and  wooden  ties. 

Fast  Tracklaying. — Shepard  &  Winston,  of  St.  Paul,  Minn., 
contractors  for  the  Montana  Extension  of  the  St.  Paul,  Minne- 
apolis &  Manitoba  road,  claim  to  have  done  the  fastest  track- 
laying  on  record.  In  one  day  (July  16)  their  men  put  down 
7.2  miles  ;  in  one  week  2g.8  miles  and  in  one  month  101.8 
miles. 

Natural  Gas  in  Kansas  City. — I'erhaps  the  most  import- 
ant engineering  project  under  way  in  Kansas  City  is  the  utili- 
zation of  the  natural  gas  already  found  within  a  radius  of  40 
miles  from  the  city.  Paola,  at  a  distance  of  36  miles  from 
Kansas  City,  on  the  line  of  the  Kansas  City,  Fort  Scott  &  Gulf 
Railroad,  offers  at  present  the  best  supply,  and  a  company  has 
been  organized  to  lay  a  line  of  pipes  between  the  cities.  Work 
will  begin  very  soon.  Mr,  Edgar  B.  Kay  is  the  Chief  Engineer 
of  the  company. 

Navy  Yard  Improvements. — The  Secretary  of  the  Navy 
has  directed  that  175,000  be  expended  for  the  purchase  of  tools 
and  plant  for  the   Brooklyn  Navy  Yard  and  a  like  sum  for  the 


purchase  of  tools  and  plant  for  the  Norfolk  Navy  Yard.  This 
action  is  taken  under  the  act  for  the  increase  of  the  Navy, 
passed  at  the  first  session  of  the  Forty-ninth  Congress,  which 
provides  for  the  expenditure  of  $150,000  under  the  direction  of 
the  Secretary  of  the  Navy,  for  improving  the  plant  of  such 
navy  yards  as  he  might  select. 

Poughkeepsie  Bridge.— The  following  statement  of  the 
progress  of  work  on  this  bridge  is  published  :  The  false-works 
for  the  shore  cantilever  arms  on  both  sides  of  the  river  are  up, 
and  the  erection  of  the  steel  tower  on  Pier  No.  i  has  been 
begun.  Pier  No.  2  is  nearly  finished,  the  false-works  adjoining 
it  are  finished  and  the  traveler  erected  ready  for  work.  At  I'ier 
No.  3,  the  top  of  the  foundation  crib  is  prepared  for  the  grillage, 
which  has  been  hauled  out  and  set  in  place  ;  this  is  a  solid 
mass  of  timber  100  It,  long  by  46  ft,  wide  by  14  It.  thick. 
Masonry  has  been  begun  upon  it.  At  Pier  No.  4,  the  concrete 
mixers  are  filling  in  the  crib  pockets.  Pier  No.  5  has  not  yet 
reached  bottom,  but  is  .going  down  as  fast  as  can  be  expected. 

Electric  Railroads.— The  Kansas  City  Electric  Railroad  is 
now  in  successful  operation.  At  present  the  line  is  about  a 
mile  long  only,  but  it  is  to  be  extended  through  North  Kansas 
City  shortly. 

The  North  &  East  River  Railroad  Company  in  New  York 
City  has  its  tracks  through  Fulton  Street  nearly  all  down. 
The  electric  conduit  is  nearly  completed  and  will  be  put  in 
place  as  soon  as  the  material  is  received  from  Pittsburgh. 

A  new  electric  motor,  designed  by  Stephen  D.  Field,  has 
been  put  on  the  Thirty-fourth  Street  Bianch  of  the  Manhattan 
Elevated  road.  This  motor  derives  its  power  from  a  central 
station,  the  current  from  the  dynamo  being  transmitted  through 
a  central  rail  laid  on  the  tracks  of  the  road. 

Corrugated  Iron  for  Coffer  Dams. — In  a  paper  before  the 
English  Institute  of  Engineers  on  the  Harbor  Works  in  Algoa 
Bay,  Cape  Colony,  Africa,  the  author,  William  Shield,  men- 
tions this  novel  use  of  corrugated  iron:  "  Corrugated  sheet- 
iron.  No.  24  B.  \v.  G.  in  thickness,  formed  the  dams  for  the 
piers  and  south  abutment,  being  stayed  inside  with  timber 
framing  and  weighted  with  rails,  so  that  the  dams  sank  into 
the  sand  and  gravel  as  the  excavation  proceeded  inside.  The 
dams  for  the  piers  were  about  42  ft.  long,  6  ft.  wide  and  8  ft. 
high  ;  and  they  were  perfectly  water-tight.  The  author  thinks 
that  this,  as  he  believes,  novel  use  of  corrugated  iron  will  be 
found  satisfactory  and  economical  where,  as  in  the  present 
instance,  clay  is  expensive  and  difficult  to  obtain  of  good 
quality." 

Life-Boats  for  the  Navy.— Xaval  Constructor  Hichborn, 
who  spent  last  week  in  examining  the  life-boats  on  vessels  in 
New  York,  returned  to  Washington  on  Tuesday.  The  board 
of  which  he  is  a  member  visited  many  vessels  at  New  York, 
both  American  and  foreign,  but  failed  to  find  a  boat  that  excels 
the  one  now  used  by  the  Navy.  The  greater  number  of  boats 
on  foreign  vessels  are  made  of  wood,  with  air  tanks  fore  and 
aft.  On  American  vessels  there  are  many  metallic  life-boats. 
The  boat  used  by  the  Navy  is  a  large  and  commodious  whale- 
boat  with  air  tanks.  In  the  opinion  of  Mr.  Hichborn  it  answers 
every  need  of  the  service,  and  cannot  be  improved  upon.  It 
now  awaits  models  of  boats  being  made  by  Dobbins,  of  Buffalo 
Hatton,  of  Fort  Covington,  N,  V.,  and  Captain  F.  L.  Norton 
—Auny  and  Navy  Register. 

Telephones  in  Europe. — The  Electrical  IVorld  says  :  "We 
present  some  remarkable  figures  as  to  the  use  of  the  telephone 
in  four  European  countries — Belgium,  Holland,  Italy  and 
Russia,  The  tables  give  a  list  of  the  exchange  subscribers  in 
each  country.  The  total  of  such  is,  allowing  for  a  few  untabu- 
lated  exchanges,  about  :g,ooo.  In  other  words,  in  these 
countries,  with  a  total  population  of  136,000,000,  there  are  only 
rg,ooo  subscribers  all  told,  or  i  in  every  7,158;  while  in  the 
United  States  there  are  147,000  subscribers  in  a  population  of 
50,000,000,  or  I  in  every  340.  The  disparity  is  remarkable. 
There  are  as  many  telephone  subscribers  in  New  York  and 
Brooklyn  as  in  all  Italy  with  its  28,000,000  of  people  ;  as  many 
in  Boston  as  in  Holland  with  its  4.000,000  ;  more  in  Chicago 
than  in  all  the  dominions  of  the  Czar." 

Electric  Mine  Railroad.— The  Union  Electric  Company, 
through  its  electrician,  Mr.  W.  M.  Schlesinger,  has  made  a 
successful  electric  railroad  installation  in  the  Lykens  Valley, 
Pa.,  coal  mines.  The  track  is  wholly  within  the  mine  and  is 
about  6  000  ft.  long.  It  includes  a  25-ft.  curve  and  a  30-ft. 
curve.  The  grades  in  most  cases  are  slightly  in  favor  of  the 
load,  but  there  are  many  places  entirely  level  and  long  stretches 
of  up-hill  work,  one  grade  of  i  '4  per  cent,  being  reached  just 
in  front  of  the  25-ft.  curve.  The  first  run  in  was  made  recently. 
The   motor  met  a  loaded  train  coming  out  ;    the  mules  were 
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taken  off  the  cars,  and  the  motor  then  hauled  them  easily  the 
rest  of  the  way  out — i.Soo  ft.  Next  day  the  train  hauled  out 
the  load.  The  entire  train  weighed  112,000  lbs.  The  road  ap- 
pears to  be  highly  thought  of  bv  practical  miners. — EUclrical 
World 

Railroad  Stations. — It  is  interesting  to  note  the  growing 
importaiice  attaclicd  to  the  architecture  of  railroad  stations. 
This  idea  is  suggested  by  the  recent  news  that  the  Filch 
burg  Kailroal  Company  has  accepted  the  plans  of  Hartwell  \ 
Richardson,  of  Boston,  for  a  handsome  depot  to  be  erected  at 
Waltham.  Mass..  at  a  cost  ol  1^25, i«io.  A  few  years  ago,  rail- 
road depots  were  an  eyesore  to  passengers  ;  they  were  pre- 
sumably erected  from  orders  of  the  engineers  of  the  road, 
whose  education,  of  course,  was  hardly  in  the  line  of  archi- 
tecture, except  in  its  most  practical  sense.  A  new  era,  how- 
ever, was  opened  when  McKim,  Robertson  and  the  late  H.  11. 
Richardson  were  called  upon  to  prepare  designs.  The  West 
Shore  Railroad  had  some  unique  and  picturesque  designs  on 
its  road,  and  the  directors  of  railroads  generally  seem  to  ap- 
preciate the  fact  that  utility  can  be  combmed  with  what  is 
pleasant  to  the  eye. — BuiUiin-^. 

A  New  Armstrong  Gun.— A  new  gun  for  the  Royal  Xavy, 
invented  and  manufactured  by  Sir  William  Armstrong  and 
Co..  at  Newcastle-upon-Tyne,  has  just  been  tried  at  the  range 
of  the  company  at  Sillotli.  Cumberland.  The  gun  is  a  },o. 
pounder,  and  its  weight  with  carriage  is  ()2  cwt.  It  is  specially 
designed  for  the  purpose  of  repelling  torpedo  attacks,  and  it 
is  stated  that  it  can  be  worked  much  quicker  than  the  guns  of 
the  present  size.  The  carriage  is  fitted  with  Vavasseur's  patent 
automatic  machinery,  and  the  gun  can  be  instantly  elevated 
or  depressed  or  swung  round  to  any  given  i)oint.  The  trial 
proved  very  successful.  The  gun  was  fired  by  electricity,  and 
the  velocity  of  the  projectiles,  as  taken  by  an  electric  chrono- 
graph connected  by  wire  with  the  muzzle  of  the  gun,  was 
ascertained  to  be  iq'oo  ft.  per  second.  Proof  shot,  common 
shell  and  shrapnel  shell  were  used,  and  the  firing  charges 
contained  9  lbs.  of  pebble  powder.  The  gun  will  shortly  un- 
dergo another  trial  before  the  officials  of  the  Admiralty  at  j 
Portsmouth. 

Simple  versus  Compound  Portable  Ensines. — In  com- 
menting on  the  merit  trials  of  portable  engines  at  the  New- 
castle (England)  show,  EiigineeTing  says  :  "To  our  minds  the 
most  important  lesson  taught  by  the  trials  is  the  undoubtedly 
superior  economy  of  the  compound  portable  as  compared  with 
the  non-compound  engine.  The  compounds  had,  it  is  true, 
the  advantage  of  higher  steam  pressures,  but  this  was  not  at 
all  sufficient  to  account  for  the  extra  economy,  amounting  to 
to  some  2S  per  cent.  That  a  non-condensing  compound  engine 
working  with  150  lbs.  steam  can  be  made  to  work  with  a  con- 
sumption of  i.S  lbs.  of  coal  per  brake  H.  P.  per  hour — equiva- 
lent to  a  consumption  of  about  1.55  lbs.  per  I.  H.  P. — will  be 
regarded  as  little  short  of  a  revelation  in  many  quarters,  while 
it  is  a  result  which  very  few  engineers  would  have  cared  to 
prophesy.  Of  course,  we  are  not  losing  sight  of  the  facts 
that  the  coal  used  was  of  very  high  quality  and  carefully 
selected,  and  that  the  stoking  was  quite  exceptional  in  its  ex- 
cellence ;  but  even  allowing  for  these  facts  the  performance  is 
a  most  remarkable  one." 

Hotchkiss  Guns. — The  Hotchkiss  Ordnance  Company  has 
made  arrangements  to  establish  a  factory  in  the  United  States 
(probably  in  Connecticut),  having  made  some  heavy  contracts 
here.  In  relation  to  this  contract  the  Secretary  of  the  Navy 
says  : 

"  Our  secondary  batteries  have  heretofore  been  made  abroad, 
and  the  creation  of  an  establishment  for  their  manufacture  in 
this  country  will  mark  another  and  a  most  important  era  in  the 
reconstruction  of  the  navy.  When  Mr.  Hotchkiss  died  in  1SS4, 
England,  France,  Germany,  Russia  Italy— every  important 
European  Power,  in  fact— had  an  establishment  for  the  manu- 
facture of  Hotchkiss  ordnance.  By  delaying  for  a  time  the  pur- 
chase of  ordnance  of  this  character,  we  are  enabled  to  tender 
contracts  for  a  large  supply.  The  company's  investigations 
have  elicited  the  fact  that,  taking  the  superiority  of  American 
machinery  into  consideration,  the  guns  may  be  made  as  cheaply 
here  as  abroad.  It  was  a  matter  of  necessity  with  us  either  to 
set  up  a  manufactory  of  our  own  or  get  the  Hotchkiss  Company 
to  come  here,  since  we  can  no  longer  afford  to  be  dependent 
upon  other  countries  for  our  war  material.  Machine  guns  have 
been  an  indispensable  branch  of  naval  armament. 

"  The  six-pounder  rapid-fire  Hotchkiss  gun  requires  but  one 
man  to  control  it,  is  fired  from  the  shoulder  and  discharges  23 
shells  per  minute,  with  a  velocity  sufficient  for  the  penetration 
of  a  2-in.  steel  plate  1,000  yards  distant.  These  guns  are 
specially  serviceable  against  torpedo  boats,  unarmored  ships 


and  in  cleariiiu  ili'  ixi'ised  decks  of  ironclads.  The  company 
is  now  developiii:.;  a  nmc-pounder  and  is  experimenting  with  a 
thirty  pounder.  With  the  Bethlehem  Iron  Company  contract 
and  this  one  executed.  American  shipbuilders  will  be  able  to 
build  and  arm  warships  entirely  from  American  manufactories." 
Flanged  Frame-Plates  for  Locomotives. — Frame-plaies 
for  railway  rolling-stock  have  hitherto  been  made  up  of  pieces 
of  material  riveted  together,  or  the  frames  of  wagons  or  carriages 
have  been  made  partly  of  iron  and  partly  of  wood.  Mr.  Samson 
Fox,  of  the  Leeds  Forge  Company.  Leeds,  has,  however,  pro- 
duced. simply  by  hydraulic  pressure, flanged  frame-plates.  These 
plates,  noteworthy  examples  of  worked  steel,  are  fashioned 
at  one  heat  by  hydraulic  pressure,  and  are  provided  with  facing 
strips  for  the  attachment  of  the  necessary  fittings.  The  ob- 
ject sought  is  to  produce  a  frame-plate  sufficiently  rigid,  trans, 
versely  and  longitudinally,  without  the  necessity'of  angle-iron 
stiffeners,  and,  at  the  same  lime,  to  reduce  the  cost  of  the 
manufacture,  and  in  this  the  Leeds  Forge  Company  has  suc- 
ceeded. The  flanged  frame-plate  is  in  one  piece,  and  is  moie 
serviceable  and  enduring  than  a  frame-plate  built  up  in  sc(  tions. 
It  also  possesses  the  recommendation  of  being  an  article  which 
can  be  produced  of  exactly  the  same  size  a  thousand  times 
over.  The  frame-plates  exhibited  by  the  Leeds  Forge  Com- 
pany at  the  Manchester  and  Newcastle  exhibitions  are  21  ft.  ^ 
in.  long,  and  are  provided  with  three  axle-box  guides  of  the 
Northeastern  Railway  Company's  standard  tender-fiame  pat- 
tern.— Iron. 

Blast  Furnaces  of  the  United  States.— The  Iron  Age 
gives  the  condition  of  the  blast  furnaces  on  August  1  as  fol- 
lows  : 

In  blast.  Out  of  blast. 

Capacity  Capicitv 

Fuel.                                         Fur.      per  week.  Fur.  per  week. 

Charcoal    67           11,533  107  8.364 

Anthracite ui)           37,930  68  15.058 

Bituminous 113            62,091  96  4', 345 

Total 309  111,554  27"  64,767 

As  compared  with  last  year,  the  number  of  furnaces  in  blast 
and  their  weekly  producing  capacity  (in  tons)  on  August  i 
was  : 

1S87.  1886. 

Furnaces  in  blast  309  313 

Weekly  capacity 111,554  122,042 

The  Iron  Ai^c  says  :  "  During  the  month  of  July  quite  a 
number  of  changes  have  taken  place  in  the  direction  of  reduced 
current  output  among  those  using  anthracite  as  a  fuel,  while 
there  has  been  a  resumption  of  work  among  the  coke  stacks, 
following  the  settlement  of  the  strike.  Quite  a  number  of  the 
latter  had  not  begun  blowing  on  August  i,  which  have  since 
entered  ihe  ranks  of  producers,  so  that  the  current  month  will 
probably  witness  a  gradual  increase  in  the  make.  With  the 
anthracite  furnaces  the  decline  in  the  make  is  nearly  3,000 
tons  a  week,  and  we  entered  August  with  the  lowest  current 
output  since  the  opening  of  the  year. 

Baltimore  &  Ohio  Employes'  Relief  Association. — The 
June  sheet  issued  by  this  Association  shows  payments  of  bene- 
fits to  members  during  the  month  as  follows  : 

Number.         Amount. 

Accidental  deaths 9  $9,000 

Accidental  injuries  334  4,081 

Natural  deaths 6  1,500 

Sickness 533  7,714 

Physicians' bills 184  1,332 

Total  1,066  $23,627 

The  Library  Committee  issues  the  following  :  "  Through  the 
generous  assistance  of  the  officials  of  the  railroad  company  and 
others  interested  in  its  welfare,  the  Baltimore  ^;  Ohio  Em- 
ployes Free  Circulating  Library  will  very  shortly  purchase 
about  4.000  additional  volumes  of  carefully  selected  and  inter- 
esting books,  which  will  necessitate  the  compilation  of  a  new 
catalogue.  For  this  purpose  all  Library  books  must  be  in  the 
hands  of  the  Librarian  as  soon  after  July  i  as  possible,  and  those 
works  now  in  circulation  should  immediately  be  returned. 

"  The  preparation  of  a  catalogue  being  a  work  of  much  labor 
and  requiring  considerable  time,  the  Library  will  be  closed 
from  July  i  to  September  i  and  during  the  interval  no  books 
will  be  issued  or  access  allowed  to  the  Library  room.  All  re- 
quisitions will  be  filed  in  order  of  receipt  and  books  furnished 
therefrom  commencing  September  I.  Applications  for  new 
catalogues,  accompanied  by  the  subscription  price  (25  cents), 
will  be  received  after  August  15,  1SS7." 

A  Mississippi  Theory. — The  Falls  of  Niagara  are 
familiar  to  all.  and  came  to  exist  through  causes  natural  and 
easy  of  explanation,  inasmuch  as  the  whole  secret  lies  in  the 
character  of  the  formations  over  which  the   river  flows,   viz.:  a 
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crust  made  up  of  60  to  100  ft.  of  comparatively  hard  limestone 
lying  in  a  nearly  horizontal  position,  beneath  which  is  a  deep 
deposit  of  shales  and  sandstones.  Whenever  the  river,  in  wear- 
ing its  channel  back,  reached  the  point  where  this  arrangement 
of  rocks  began,  the  hard  limestone  would  natuially  resist  the 
erosive  action  of  the  waters,  while  the  underlying  shales  and 
sandstones,  offering  less  resistance,  would  be  rapidiv  cutaway, 
until  a  vertical  fall  such  as  is  now  seen  would  be 'the  result. 
with  a  constant  recession  going  on,  leaving  btlow  the  broad 
caAon,  walled  on  either  hand  by  bluffs,  the  crests  of  which  are 
preserved  by  the  limestone  crowning  them. 

These  few  rttlections  as  to  the  falls  and  gorge  of  Niagara, 
fully  demonstrated  by  forces  now  in  active  operation,  we  shall 
apply  to  the  .Mississippi.  Here  also  a  mighty  waterway  has 
been  cut  out  by  erosion,  a  fact  which  is  universally  conceded, 
but  no  definite  explanation  of  the  process  has  heretofore,  so  far 
as  we  have  been  able  to  learn,  been  advanced.  It  remained 
for  a  geology-reading  inventor  by  the  name  of  Robert  Bales 
to  suggest  a  theory  which,  illuminated  with  what  little  investi- 
gation we  have  been  able  to  give  it,  promises  to  offer  a  solu- 
tion of  the  question,  or  to  assist  in  its  solution.  The  theory 
briefly  is,  that  the  erosion  was  accomplished  by  means  of  a 
mighty  cataract  which  began  far  down  the  river  near  its  original 
moutti,  and  by  gradual  retrocession  dug  out  the  valley-like 
gorge  which  is  so  marked  a  feature  in  the  upper  part  of  its 
course,  and  left  the  high  bluff  walls  on  either  hand,  at  the  same 
time  depositing  heavy  btds  of  sand  at  the  bottom  of  the  caiion, 
the  product  of  the  erosion  above,  and  that  St.  Anthony  Falls 
are  the  ever  decreasing  and  receding  remnants  of  the  once 
most  stupendous  cataract  the  world  ever  saw,  having  a  perpen- 
dicular descent  of  perhap;  600  ft. — Joint  A.  Kcycs,  iii  I'ofidar 
Sciince  Moiilhly  for  August. 

Boiler  Explosions  in  France. — We  give  below  a  summary 
of  the  bulletm  published  by  the  Ministry  of  Public  Works  in 
relation  to  accidents  caused  in  France  in  18S5,  by  the  use  of 
steam  apparatus. 

The  following  table  is  a  division  by  kind  of  apparatus  : 

1.  Boilers  with  exterior  furnaces  ; 

No.     Killed.  Injured* 

Horizontal,  not  tubular,  with  or  without  Hues S  24  21 

Horizontal,  tubular 2  2 

Vertical i 

2.  Boilers  with  interior  furnaces  : 

Horizontal,  not  tubular 137 

Horizontal,  tubular i 

Total  boilers 15  30  28 

Receivers  or  heaters 9  4  5 

Miscellaneous i 


The  total  number  of  explosions  was  thus  25,  by  which  34 
persons  were  killed  and  33  seriously  hurt  ;  slight  injuries  are 
not  included. 

A  division  according  to  the  supposed  causes  of  accident  is 
as  follows  : 

Defective  construction,  material  or  placing 5 

Fatigue,  weakening  or  corrosion  of  metal , 7 

Repairs  neglected  or  badly  made 2 

Low  water 6 

Too  high  pressure 4 

Other  cases  of  neglect  or  imprudence 6 

Miscellaneous 2 

It  will  be  seen  that  the  total  number  of  supposed  causes  is 
greater  than  that  ol  accidents.  This  is  due  to  the  fact  that  in 
several  cases  an  accident  was  attributed  to  two  or  three  different 
causes  working  together. — Porteft-uilU Economique  ih-s  Machines. 

Copper  Mines  in  Japan. — A  report  recently  made  to  the 
British  Foreign  Office  on  the  Ashiwo  copper  mines  in  Japan 
says  that  the  work  is  conducted  under  the  general  management 
of  an  engineer  from  the  Imperial  College  of  Engineering  in 
Tokio,  and  over  4,000  miners  are  constantly  employed.  In 
addition  to  the  reduction  works  and  sulphate  of  copper  factory, 
there  is  a  complete  shop  for  repairing  all  machinery,  and  all 
the  different  branches  are  connected  by  telephone.  Owing  to 
the  expense  connected  with  the  transport  of  ore  from  an  isolated 
worki  g.  a  tunnel  is  being  bored  to  connect  it  with  the  mam 
lodes,  the  length  of  which  will  be  ii,SSo  ft.  In  connection 
with  this,  a  steam  rock  drill  of  10  H.  P.  was  started  last  year 
and  is  working  satisfactorily,  .-^t  present  two  Shrenne  rock 
drills  are  being  used  in  driving  this  heading,  and  four  others 
are  on  their  way  from  Germany.  Dynamite  is  used  for  blast- 
ing, and  the  shots  are  fired  by  electricity.  The  present  plant 
in  the  reduction  works  consists  of  2  crushing  rolls,  S  stamping 
mills  of  five  heads  each,  42  jiggers,  S  percussion  tables,  9 
sieves  and  3  steam  engines  of  a  total  of  68  H.  P.  Hitherto 
the  machinery  employed  has  been  procured  from  England, 
France  and  Germany  ;  but.  as  a  German  metallurgist  has  re- 
cently been  engaged,  it  is  more  than  probable  that,  in  accord- 


ance with  a  general  custom,  all  orders  will  in  future  go  exclus- 
ively to  Germany. 

Railroads  in  Sweden. — A  note  in  the  Annat.s  Je  Ponts  et 
C/i.tuiseis  says  that  wh.it  characterizes  the  establishment  of 
railroads  in  Sweden  is  not  only  the  cheapness  with  which  they 
have  generally  been  built  ana  operated,  but  also  the  variety 
of  gauges  adopted.  Now^jjere  else,  except  perhaps  in  Norway, 
has  there  been  tried  on  so  large  a  scale  the  experiment  of  the 
narrow-gauge,  varying  from  4  ft.  to  2^3%  in. 

The  length  of  completed  line  is  divided  among  the  different 
gauges  as  follows : 

Guage.  Mileage. 

4  ft.  W  in.,  Standard  tjaugc,  3c)  lints  in  all 1,758 

4  ft ,  4  lines itojo 

itt  8  in.,  I  line 57 

3  ft.  7  in.,  2  lines 30 

3  ft.  6  in.,  4  lines 137 

2  ft'  7'.  in.,  2  lines!!!!!!!!.!!!. '.'.'.'.".' V.V.'..'.!!!r!!l !!!!'!!:    64 
The  lines  under  construction  or   projected  are   to  have  the 

following  gauges  : 

Gauuc  Mileage 

4  ft.  81,  111.;  .4  lines....     543 

3  ft.  3'.  in.,ii  mctrcl,  1  line 117 

2 ft! I'/m^/iimc!.!..;.;.'.'.'./;;/.'^.'.'.'".'" v.' !!!!!! !!!!!!!!!!!!  '3 

Then-  are  thus  in  Sweden  eight  types  of  narrow  gauge,  but 
that  which  tends  to  increase  the  most  is  the  2  ft.  11  in.  gauge, 
which  will  siion  have  a  total  length  of  552  miles,  or  over  60 
per  cent,  of  the  n.irrow-gauge  mileage. 

On  the  roads  of  standard  gauge  the  minimum  radius  of 
curvature  is  generally  975  ft.;  on  some  of  the  lines,  however, 
this  is  reduced,  notably  on  the  Banghammar  line,  near  Kloten, 
where  the  minimum  radius  is  684  ft.  On  the  narrow-gauge 
lines  the  minimum  radius  of  curvature  is  4S7  ft.  Swedish  prac- 
tice follows  the  English  rather  than  the  American  as  to  curva- 
ture, as  well  as  in  other  points. 

The  cost  of  the  standard-gauge  lines  has  varied  from  if;i4,8oo 
to  $50,500  per  mile  ;  that  of  the  narrow-gauge  lines  from 
!|S,  100  to  $33,250  per  mile.  The  roads  generally  have  been 
cheaply  built. 

Loss  of  Heat  from  Steam  Pipes. — The  Locomotive  re- 
ports as  follows  some  practical  tests  to  ascertain  the  loss  of 
heat  from  uncovered  steam-pipes  ana  those  covered  with  dif- 
ferent coverings,  made  by  Superintendent  Upson  and  Chief 
Engineer  Steele,  of  the  Hartford  Carpet  Company  : 

"A  room  having  a  very  even  temperature  and  free  from 
draughts  or  air  currents  was  selectetd,  close  to  the  boilers, 
where  steam  could  be  taken  from  the  lop  of  the  main  pipe, 
and  free  from  water  of  condensation.  A  suitable  vessel  was 
arranged  to  collect  the  water  of  condensation,  and  connected 
to  120  running  feet  of  2-in.  steam  pipe.  A  short  section  of 
the  pipe  was  enclosed  in  a  suitable  box  with  a  glass  in  the  side 
for  the  purpose  of  reading  the  rise  of  temperature,  as  indi- 
cated by  a  thermometer  placed  therein. 

"  Steam  was  first  blown  through  the  pipe  and  receiver  until 
both  were  free  from  the  water  of  condensation  which  was 
caused  by  heating  the  pipe  and  receiver.  The  valve  was  then 
closed,  and  lo-hour  trials  made,  the  water  carefully  collected 
and  weighed,  with  the  following  results  : 

"  I.  The  first  trial  was  with  120  ft.  of  2-in.  pipe,  uncovered, 
results  as  below  : 

Average  steam  pressure 79  lbs. 

Average  temperature  of  room 70  deg 

Water  condensed '...'...'.'. 862  lbs. 

"2.  The  second  trial  was  with  120  ft.  of  2-in.  pipe,  covered 
with  asbestos,  hair-felt  and  paper,  results  as  below  : 

Average  steam  pressure 77  lbs. 

Average  temperature  of  room txj  deg. 

Average  temperature  of  box So    " 

Water  condensed 222  lbs. 

"  3.  The  third  trial  was  with  120  ft.  of  2-in.  pipe,  covered 
with  plastic  material,  results  as  beiow  : 

Average  steam  pressure 80  lbs. 

Average  temperature  of  room 70  deg 

Average  temperature  of  box 107 

I  Water  condensed 4?°  lbs. 

"  It  will  be  seen  from   the  above  that  the  loss  by  radiation 
greatly  exceeds  that   usually  estimated  for  uncovered   pipes, 
but  it  agrees  very  well  with  trials  made  upon  machines  car- 
rying high  steam  pressures.   The  saving  by  covering  the  pipes 
is  verv  satisfactory,  and  in  the  second  trial  the  temperature  in 
the  enclosed  box  was  but  little  higher  than  that  of  the  room." 
A  Gas  Accident.— The  London  En^'inceriiig  s&ys  :   "Asa 
t  mely  reminder  to  those  whose  business  it  is  to  look  after  the 
safety  of  railway  travelers,  it  will  not  be  out  of  place  to  men- 
I    tion  the  painful  accident  which  has  just  occurred  on  the  Berlin- 
Potsdam  Railway,  the  third  fatal  one,  it  may  be  noted  in  pass- 
'    ing,  which   has  taken   place  on   the  line   in   recent  times.     It 
appears   that   an   empty  goods  train  was  prematurely  signaled 
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into  the  station  at  Waansee,  and  ran  into  a  standing  excursion 
train  waiting  to  return  to  Berlin,  when  a  smash  took  place 
which  caused  the  reservoir  of  gas  under  one  carriage  to  explode 
while  thr  locomotive  of  the  goods  train  caused  the  gas  to  ignite, 
which  (lew  about  in  all  directions  and  over  the  cushions,  and 
set  fire  to  everything  inside  the  carriage  in  which  three  persons 
were  caged,  and  could  neither  escape  nor  receive  assistance 
from  without  on  account  of  the  build  of  the  carriage,  and  were 
in  the  most  incredibly  short  space  of  time  burnt  to  an  actual 
cinder.  The  only  remnant  of  the  male  passenger  appears  to 
to  have  been  part  of  his  waistband  by  the  buttons  of  which  it 
is  hoped  to  recognize  his  personality.  The  obvious  moral  to 
be  drawn  from  this  sad  catastrophe  is,  that  where  gas  is  used 
on  railroads  the  reservoir  of  it  must  be  so  placed  and  formed 
that  under  no  circumstances,  can  it  be  smashed  by  a  collision 
or  the  gas  ignited  if  such  should  take  place.  The  gas  receiver 
in  this  case  was  a  long  sheet-iron  drum,  placed  transversely 
beneath  a  second-class  carriage." 

Russian  Railroads  in  the  Caucasus. — Two  important 
events  have  occurred  in  connection  with  Russian  railroads  in 
the  Caucasus.  The  Novorossisk  tunnel,  which  has  been  15 
months  in  hand,  has  been  successfully  pierced,  and  there  is 
every  prospect,  therefore,  that  the  line  from  St.  Petersburg  to 
this  Black  Sea  port  (Batoum),  will  be  completed  by  the  time 
stipulated  this  spring.  The  tunnel  is  4,500  ft.  long,  and  had 
to  be  excavated  through  the  solid  rock.  Owing  to  the  strate- 
gical importance  of  the  line  the  Government  has  been  press- 
ing on  the  work  at  any  cost.  When  complete,  it  will  be  pos- 
sible to  send  troops  from  any  part  of  Russia  to  this  Cis- 
Caucasian  port,  and  not  only  prevent  invasive  operations  on 
the  coast  in  the  event  of  a  war  witl«  England,  but  provide  a 
means  of  sending  troops  against  Turkey  from  a  new  quarter  in 
the  event  of  Russia  being  able  to  block  the  Bosphorus  and 
control  the  Black  Sea.  Regarding  the  commercial  importance 
of  the  line  it  traverses  the  Black  Sea  petroleum  region,  and 
thereby  lays  it  open  to  European  enterprise. 

The  second  event  of  importance  is  the  decision  of  the 
Russian  Government  to  provide  a  credit  for  3)/  million 
roubles,  to  be  expended  in  adding  18  locomotives  and  1,296 
freight  cars  to  the  rolling  stock  of  the  Transcaucasian  Rail- 
road. This  remarkable  addition  demonstrates  the  rapid 
growth  of  traffic  on  this  road,  which  has  been  so  great  that 
camels  were  for  a  time  requisitioned  to  convey  goods  from  the 
Caspian  to  Tiflis,  alongside  the  line,  to  ease  the  excessive 
traffic.  It  is  popularly  supposed  that  the  bulk  of  the  traffic  on 
this  railroad  consists  of  petroleum,  whereas  last  year  this  only 
composed  a  third  of  the  general  total.  The  fact  of  the  matter 
is  that  the  opening  of  the  700  miles  of  line  from  Krasno- 
vodsk  to  the  Oxus,  on  the  Central  Asian  side  of  the  Caspian, 
has  tapped  the  large  trade  with  Russia  existine;  rict  Orenburg,  1 
and  has  attracted  it  to  Baku  and  Batoum.  The  whole  of  the  1 
1,296  cars  and  18  locomotives  are  to  be  made  in  Russia  and 
sent  to  Transcaucasia  with  as  little  delay  as  possible.  In  the 
meantime  fresh  arrivals  of  petroleum  tank  cars  are  reported, 
the  refiners  at  Baku  readily  availing  themselves  of  the  newly 
accorded  privilege  to  run  their  own  oil  cars  on  the  line.  The 
firm  of  Nobel  is  introducing  600  or  7<  o  of  them,  each  convey- 
ing 10  tons  of  petroleum. 

Transmitting  Power  by  Electricity. — A  plan  has  been  pro-    . 
posed  for  transmitting  power  by  electricity  to  the  City  of    \'a-    ' 
lencia  in  Spain,  which  is  a  manufacturing  town  of  importance. 
The  power  is   to  be  obtained  fronrt   the   River  Turia,  about  35 
miles  from   the  city,  at    a   point  where  the  stream   describes 
roughly  a  semi-circular  arc.     Along  a  chord  of  this  arc,  meas-    1 
uring  1.37  miles  in  length,  it  is  proposed  to  cut  a  canal,  at  an     ) 
almost  horizontal  level,  thus  obtaining  at  the  outlet  a  fall  of  loS 
ft.  to  the  bed  of  the  river.     The  line  of  the  canal  is,  however,     | 
intersected  by  a  range  of  rugged  hills,  under  which   it  will  be 
necessary  to  tunnel  for  a  distance  of   rather   more    than    one 
mile.       The   intake    will   be   effected     at  a  point    where    the 
river   issues  from    a   deep   and    narrow    ravine   (the    Pass    of 
Cingdosl,  and  this  configuration  offers  peculiar  advantages  for 
impounding  the  How  and  constructing  the  necessary  dam  and    j 
sluices.       At    the  farther    end    of    the  canal    the    ground    is 
favorable  for  the  construction  of  a  reservoir 
level,  and  for  the   erection    of  the    machine 
river  bank. 

The  mean  annual  volume  of  water  to  be  dealt  with  is  stated, 
after  numerous  experiments,  to  amount  to  353  cubic  ft.  per 
second,  which,  under  a  head  of  108  ft.  will  be  found  to  account 
for  4.201)  horse-power  (theoretical).  It  is  proposed  to  utilize 
this  force  by  means  of  Jonval  turbines,  for  which  an  efficiency 
of  70  per  cent  is  assumed,  thus  yielding  a  brake  horse-power 
of  2,940,  or,  say,  3,000. 

This  3,000  H.   P.   will   be  transmitted  to  Valencia  by  elec- 
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tricity,  and  the  projectors  have  calculated  a  large  return  on 
the  investment  required.  The  cost  of  the  dam  and  other  works 
is  estimated  at  about  S665,(x>o.  The  details  of  the  method  of 
transmission  have  not  been  fully  worked  out. 

Phosphor-Bronze  Wire  for  Helical  Springs.— At  a  recent 
meeting  of  the  Engineers'  Club  of  Philadelphia,  a  note  by  .\Ir. 
Wilfred  Lewis  on  Phospho-Bronze  Wire  for  Helical  Springs 
was  presented  as  follows  : 

"About  a  year  ago,  in  designing  valves  for  hydraulic  ma- 
chinery, it  became  necessary  to  use  springs  in  the  water  ways, 
and  to  guard  against  corrosion,  it  was  suggested  that  they  be 
made  of  phosiihor-bronze. 

"No  information,  however,  could  be  found  for  determining 
the  proper  size  of  wire  and  its  jjrobable  extension  or  compres- 
sion, and  accordingly  the  writer  undertook  to  make  the  follow- 
ing partial  solution  of  the  problem.  A  piece  of  wire  No.  12 
diameter  and  several  feet  long  was  obtained  from  our  fellow 
member.  Mr.  Liiders.  for  the  special  purpose  mentioi.ed,  and 
coiled  in  the  form  of  a  spiral  spring  1^  in.  in  diameter,  from 
center  to  center,  making  52  coils. 

"  This  spring  was  loaded  gradually  up  to  a  tension  of  30  lbs., 
but,  as  the  load  was  removed,  it  became  very  evident  that  a 
permanent  set  had  taken  place.  According  to  formui.e  recom- 
mended by  D.  R.  Clark  for  helical  steel  springs,  such  a  spring 
of  steel  should  bear  with  safety  a  load  of  20  lbs.,  while,  ac- 
cording to  the  practice  of  the  Pennsylvania  Railroad,  it  might 
be  used  for  double  this  load,  or  40  lbs. 

"A  weight  of  21  lbs.  was  then  suspended  from  the  bronze 
spring,  so  as  to  allow  a  small  amount  of  vibration,  and  the 
length  measured  from  day  to  day. 

"  In  30  hours  the  spring  lengthened  from  20ji  in.  to  21%  in., 
and  when  suspended  200  hours,  its  length  was  found  to  be 
2iXin. 

"  It  was  concluded  from  this  that  21  lbs.  was  too  great  for 
durability,  and  that  probably  10  lbs.  was  as  much  as  could  be 
depended  upon  with  safety. 

"For  a  given  load  it  was  found  that  the  extension  of  the 
bronze  spring  would  be  just  double  the  extension  of  a  single 
steel  spring  ;  that  is,  for  the  same  extension,  the  steel  spring  is 
twice  as  long, 

"The  above  experiment  is  not  very  conclusive,  but  my 
practice  now  is  to  allow  for  phosphor-bronze  springs  the  same 
extension  or  compression  as  for  similar  steel  springs,  and  let 
them  carry  one-half  as  much  load." 

Effects  of  Explosives. — At  a  recent  meeting  of  the  Royal 
Society  of  Edinburgh,  Professor  Tait  made  some  interesting 
and  suggestive  remarks  on  the  effects  of  explosives — a  subject 
having  some  connection  with  lightning  flashes.  The  singular 
fact  had  been  stated  in  the  newspapers  that  an  explosion  of 
dynamite  in  the  Underground  Railway  in  London  produced 
the  excessively  curious  effect  that  several  persons  within  a 
certain  range  had  the  drum  of  one  ear  ruptured,  while  no 
effect  was  produced  on  the  drum  of  the  other  ear.  If  he  had 
not  been  thinkini;  for  years  about  the  effect  of  lightning  flashes 
upon  the  air,  he  must  have  set  down  this  to  newspaper  report- 
ing. The  difference  between  the  effect  of  a  sudden  explosion 
in  the  immediate  neighborhood  of  the  centet  at  which  the  ex- 
plosion took  place,  and  the  effects  of  the  same  at  a  moderate 
distance,  might  be  perfectly  different  from  one  another:  and 
when  examination  was  made  of  the  matter  from  the  physical 
point  of  view  it  was  found  that  the  difference  depended  on  this; 
that  as  long  as  the  projectile  matter — whether  it  was  the  air 
itself  around  the  explosive,  or  the  materials  of  the  explosive 
which  were  driving  it  from  the  center  of  explosion — were  going 
at  a  velocity  greater  than  sound,  the  effect  of  their  motion  was 
precisely  the  same  sort  of  thing  as  is  observable  in  the  case  of 
a  falling  star.  It  compressed  and  immensely  heated  the  air 
immediately  in  front.  So  long  as  it  exceeded  the  velocity  of 
sound,  there  could  be  no  vibration  propagated  beyond  the  limit 
to  which  the  explosion  had  extended,  and  the  gases  only  came, 
as  it  were,  into  contact  with  a  dead  stone  wall  of  stationary  air 
outside.  The  result  was  that  the  air  was  compressed  and  be- 
came self-luminous  by  the  instantaneous  compression.  So  it 
was  with  lightning.  Up  to  the  point  at  which  the  velocity 
became  that  of  sound  there  would  be  an  exceedingly  intense 
impulsive  pressure,  and  there  was  great  danger  of  very  con- 
siderable damage.  The  question  of  how  much  force  was  re- 
quired  to  rupture  the  drum  of  the  ear  was  a  question  for  physi- 
ologists. Being  asked  by  Dr.  Wallace  how  it  was  that,  for 
explosive  purposes,  gunpowder  required  to  be  inserted  into 
the  material  to  be  exploded,  while  dynamite  was  placed  on  the 
top.  Professor  Tait  replied  that  dynamite  exploded  with  great 
rapidity,  and  the  consequence  was  that  the  gases  expanded 
with  exceeding  rapidity,  whereas  gunpowder  was  burnt  com 
paratively  slowly,  and  produced  the  effects  of  increased  pres- 
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sure  wiih  graduated  speed.  If  the  velocity  was  much  greater 
than  that  of  sound  there  was  [)ercussion,  otherwise  there  was 
nothing  but  the  propaKaiion  of  vihralion.  It  was  the  difference 
between  a  wave  and  a  breaker. 

The  Latrobe  Corn-Stalk  Columns.— In  ihc  vestibule  of 
the  Capitol  at  Washington,  l)eneath  tlie  office  of  the  Marshal 
of  the  Supreme  Court,  are  the  only  truly  American  columns  in 
existence.  If  the  student  of  architecture  rcRrets  that  this 
country  has  not  produced  any  architectural  eflort  of  its  own, 
he  should  be  referred  to  this  work  of  Benjamin  Henry  Latrobe, 
who  succeeded  Messrs.  Hallctt,  Hadfield  iS;  Iloban  as  the  Capi- 
tol Architect  and  perfected  the  designs  of  Dr.  Thornton.  In 
a  letter  of  Latrobe's  to  Thomas  Jefferson  he  refers  as  follows  to 
his  designs  ;  "1  have  packed  up  and  sent  to  Richmond,  to  be 
forvvariied  to  Monticello.  a  box  containing  the  model  of  the 
columns  to  be  used  for  the  lower  vestibule  of  the  senatorial 
department  of  the  north  wing  of  the  Capitol,  which  is  comjiosed 
of  ears  of  maize.  *  «  »  These  capitals,  during  the  summer 
session,  obtained  me  more  applause  from  the  members  of 
Congress  than  all  the  works  of  magnitude  or  difficulty  that 
surround  them.  They  christened  them  'corn-cob  capitals;' 
whether  for  the  sake  of  alliteration  I  cannot  tell,  but  certainly 
not  very  appropriately." 

This  letter  was  addressed  to  Mr.  Jefferson,  and  bears  the 
date  of  August  28,  i8oq.  Latrobe,  not  Jefferson,  was  the  de- 
signer of  the  pillars.  Many  considered  the  latter  to  be  their 
parent,  because  he  teok  such  an  interest  in  the  erection  of  the 
Capitol,  and  is  known  to  have  proposed  many  changes  to  the 
architect.  Jefferson  spoke  to  Latrobe  of  the  lack  of  individu- 
ality in  our  public  buildings,  and  asked  why  he  did  not  con- 
ventionalize some  of  our  native  vegetation  into  appropriate 
columnar  designs.  Doubtless  acting  on  this,  Latrobe  pro- 
duced the  corn-stalk  columns  which  now  stand  in  a  somewhat 
unnoticed  portion  of  the  Capitol.  Each  column  is  composed 
of  a  cluster  of  Indian  corn-stalks  bound  together  so  that  the 
joints  of  one  stalk  stand  slightly  above  the  preceding  one; 
thus,  by  the  recurrence  of  the  joints  in  the  seven  divisions  of 
every  stalk,  a  spiral  effect  is  produced.  The  capitals  are  com- 
posed of  ears  of  maize  with  the  half-open  husks  displaying  the 
corn,  which  in  its  upright  position  has  been  criticised  as  being 
too  stiff. 

Whatever  the  faults  of  the  original  pillars  may  be,  they  are 
a  bold  stride  toward  forming  for  ourselves  an  ornamentation 
peculiarly  in  keeping  with  our  new  and  vigorous  Government. 
That  our  buildings  have  to  be  supported  by  Doric,  Ionic  and 
Corinthian  columns,  unrelieved  by  anything  of  our  own  con- 
ception, is  strange,  when  we  consider  the  independence  of  the 
people  of  the  United  States.  We  have  given  to  the  Old  World 
our  mechanical  inventions,  the  benefits  of  scientific  research, 
yet  we  borrow  from  the  East  all  our  architectural  forms. — 
Eugene  Asliton,  in  the  Magazine  of  American  History  for  August. 

The  Wagner  Free  Institute  of  Science.— This  Institute 
was  founded  by  the  late  William  Wagner,  a  citizen  of  Phila- 
delphia, who  devoted  along  lifetime  to  the  study  and  advance- 
ment of  the  sciences,  especially  the  different  branches  of 
natural  history.  Mr.  Wagner,  during  his  lile.  formed  a  large 
museum,  a  library,  and  a  collection  of  chemical  and  physical 
apparatus.  He  established  annual  courses  of  lectures  on  vari- 
ous scientific  subjects,  in  which  he  personally  took  an  active 
part,  which  were  continued  for  thirty  years,  and  which  were 
always  open  free  to  the  public.  In  1855,  under  the  above  name, 
the  institute  was  incorporated  by  an  act  of  the  Legislature. 

Mr.  Wagner  bequeathed  his  property  to  the  Institute,  vested 
in  a  board  of  trustees.  Since  his  death  in  January,  1885,  the 
trustees  have  been  actively  engaged  in  carrying  out  his  plans, 
and  in  accordance  with  his  views,  have  elected  a  faculty  of  four 
professors  to  take  charge  of  the  museum  and  library,  to  give 
lectures  free  to  the  public,  and  to  teach  the  method  of,  and  also 
to  make,  research.  The  first  annual  course  of  free  lectures  was 
given  by  the  faculty  during  the  season  of  1SS5  and  1SS6.  The 
sphere  of  usefulness  of  the  Institute  will  expand  as  the  pecu- 
niary circumstances  are  adjusted  and  will  permit.  That  the 
benefits  of  the  Institute  shall  not  be  restricted  to  its  locality, 
but  may  be  widespread  as  possible,  the  trustees  propose  to 
make  provision  in  aid  of  original  research  and  the  publication 
of  its  results,  towards  the  increase  and  diffusion  of  knowledge 
among  men. 

Mr.  Joseph  Wilcox,  one  of  the  trustees,  vvho  had  spent 
several  successive  winters  in  Florida,  in  speaking  of  his  obser- 
vations in  that  State,  suggested  the  interest  it  would  be  to  the 
Institute  and  to  Science  to  make  an  expedition  to  certain  por- 
tions of  the  country,  to  make  collections  and  investigations  in 
their  geology  and  fauna.  Liberally  offering  his  pecuniary  and 
personal  aid,  and  encouraged  by  the  Academy  of  Natural 
Sciences,  the  trustees  of  the  Institute  made  the  necessary  pro- 


vision, and  last  winter  sent  Prof.  Heilprin  on  the  proposed  ex- 
pedition in  company  with  Mr.  Wilcox.  The  results  were  valu- 
able collections  in  zoology,  and  especially  in  geology,  together 
with  important  investigations  and  discoveries  in  the  latter,  an 
account  of  which  is  presented  in  the  report  by  Professor  Heil- 
prin, which  has  just  been  published  as  X'olume  I  of  the  Tratis- 
aelions  of  the  Institute.  The  well  observed  facts  of  the  report 
must  greatly  modify  the  opinions  which  have  been  geneially 
held  in  regard  to  the  geological  construction  of  the  peninsula 
of  Florida  ;  and  altogether  Prof.  Heilprin's  researchet  must  be 
considered  as  an  important  contribution  to  Science. 

An  English  Electric  Car.— A  tramcar  of  the  Jarman 
pattern,  carrying  46  passengers,  was  recently  tried  at  Brixton. 
The  electric  motor  is  placed  under  the  tramcar  between  the 
axles,  and  the  storage  battery  is  distributed  under  the  stats  of 
the  car.  In  Mr.  Jarman's  motor  excessive  heating  is  prevented 
by  means  of  two  armatures,  which  are  fitted  on  one  axle. 
One  of  these  armatures  drives  the  car  in  one  direction  and  the 
other  propels  it  in  the  contrary  direction,  so  that  each  armature 
has  time  to  cool  down  should  it  become  heated  on  a  journey. 
The  storage  battery  consists  of  70  E.  P.  S.  cells,  the  contents 
being  195  ampere  hours,  or  equal  to  a  run  of  about  20  miles. 
The  cells  are  charged  in  the  usual  way  by  a  stationary  dynamo 
at  the  depot,  as  may  be  found  necessary.  The  weight  of  the 
car  with  its  electro-motor  and  storage  battery  complete  is 
about  5  tons  6  cwt.,  the  car  itself  weighing  3  tons.  It  is 
driven  from  either  end  and  is  fitted  with  a  very  effective  fric- 
tion brake,  which  grips  the  axle  of  the  motor.  The  car  is 
lighted  by  electricity,  and  is  fitted  at  each  end  with  a  brush 
for  clearing  obstructions  off  the  rails.  The  experimental  runs 
made  with  this  tramcar  were  very  satisfactory,  so  far  as  the 
shortness  of  the  line  would  permit.  The  line  is  laid  with  a 
sharp  curve  of  43  ft.  radius,  which  was  easily  traversed,  and 
an  incline  of  i  in  40,  which  was  readily  mounted,  and  on  run- 
ning down  which  some  good  stops  were  made.  In  running 
upon  the  level  at  a  fair  speed  the  car  was  pulled  up  dead  in 
half  its  length  and  showed  itself  to  be  well  under  ihe control  of 
the  driver.  It  had  on  a  previous  occasion  made  atrial  run,  loaded 
with  52  passengers,  from  Brixton  to  Westminister  Bridge  and 
back,  with  what  are  stated  to  have  been  very  satisfactory 
results,  a  high  rate  of  speed  being  attained  and  the  car  being 
run  from  the  tramway  to  the  works  at  the  finish  over  the  mac- 
adamized road  without  detriment. — London    Times. 

Engineering  in  Palestine. — In  a  review  of  Mr.  Oliphant's 
book  "Haifa;  or  Life  in  Modern  Palestine,"  the  London 
Times  says  ;  "The  author  makes  mention  of  two  grand  engi- 
neering projects,  one  of  them  plausible  and  practicable,  the 
other  very  much  in  the  air.  The  first  is  the  Great  Palestine 
Railway,  which  has  been  surveyed  from  Haifa  as  far  as  the 
Jordan.  The  concession  is  held  by  a  knot  of  gentlemen,  some 
of  them  Moslems,  others  Christians,  but  all  subjects  of  the 
Porte,  His  opinion  is  that  it  is  'a  real,  bona  fide  enterprise, 
and  one  which  is  likely  to  become  a  large  source  of  profit, 
*  *  *  for  it  will  tap  one  of  the  richest  grain-producing  dis- 
tricts of  the  East."  The  surveyors  see  no  serious  engineering 
difficulties.  It  crosses  the  Kishon  by  a  60-ft.  bridge,  it  runs 
smoothly  over  the  wide  plains  of  Esdraelon,  and  there  will  be 
a  station,  or  rather  a  junction,  for  Nazareth,  The  Jordan  Val- 
ley Canal  is  a  more  ambitious  scheme,  nor  do  the  estimates 
appear  to  be  so  absolutely  reliable  as  to  tempt  the  cautious  in- 
vestor. Optimists  set  them  down  at  /■8,coo,oco  sterling,  while 
unfriendly  pessimists  carry  them  so  high  as  /225,ooo,ooo. 
'  The  whole  length  of  the  canal  would  be  250  miles,  of  which, 
however,  only  a'bout  I2cj  would  be  actual  cutting,  but  cutting 
of  a  nature  unparalleled  in  the  history  of  engineering.'  The 
idea  is  to  flood  deep  depressions  of  the  Jordan  Valley  with  the 
waters  of  the  Mediterranean  and  to  connect  the  Dead  Sea  with 
the  head  of  the  Red  Sea  at  Akaba.  It  is  hardly  necessary  to 
speculate  on  the  probable  traffic,  for.  setting  financial  hitches 
aside,  the  sentimental  and  political  difficulties  would  seem  to 
be  insurmountable.  The  canal  wou.d  swamp  the  Lake  of 
Tiberius,  and  sink  the  scenes  of  the  Savior's  Galilean  ministra- 
tion 500  ft.  beneath  sea  level.  By  making  English  influence 
predominant  in  Palestine  it  would'  provoke  the  opposition  of 
France  and  Russia  ;  and  if  it  should  really  prove  an  engineer- 
ing success  it  would  ruin  the  Suez  Canal  and  the  shareholders. 
As  for  the  Sultan,  he  might  possibly  be  tempted  by  the  suras 
of  ready  money  which  he  would  receive  in  exchange  for  sub- 
merged territory.  But,  on  the  other  hand,  he  would  have  to 
resign  himself  to  part  with  another  province,  since  Palestine 
would  be  virtually  annexed  by  the  English.  Jericho  would  be 
submerged  with  other  places',  and  that  would  be  a  pity,  for, 
according  to  Mr,  Oliphant,  there  is  a  fair  prospect  of  the  '  City 
of  palm  trees  '  rising  into  reputation  as  a  winter  watering  place. 
Aristocratic   Russian  pilgrims   bound  to  bathe   in   the  Jordan 
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have  taken  it  under  their  patronage  ;  very  comfortable  quarters 
are  already  to  be  found  in  a  large  building  erected  for  their 
special  accommodation  ;  and  for  those  who  prefer  a  (juieter  and 
more  domestic  life  clusters  of  neat  little  cottages  a^h.W  have  been 
run  up.  Jericho  may  be  dull,  but  it  has  its  recommendations. 
'There  is  a  peculiar  softness  and  balmintss  in  the  air  not  to 
be  found  elsewhere  in  the  world,  for  there  is  no  other  place  in 
the  world  i.ioo  ft.  below  the  sea  line.'  For  the  friends  of  the 
invilid  there  is  good  galloping  ground  on  the  plains  and  wild 
shooting  in  the  thickets  between  Jericho  and  the  '  swellings  of 
the  Jordan,'  and  the  Ottoman  authorities  appear  to  believe  in 
the  future  of  the  place,  for  they  are  actually  bestirring  them- 
selves over  improvements  and  reclamations  in  the  neighbor- 
hood." 

The  Nordenfelt  Torpedo  Boat. — A  trial  of  the  Xorden- 
/^// submarine  boat  built  for  the  Turkish  Government  was  re- 
cently given  before  the  Sultan  at  Constantinople,  and  is  thus 
described  by  a  correspondent  of  the  London  Titn€s  ;  "  The 
order  to  leave  her  moorings  reached  the  Xordenfett  at  2  p.  m. 
The  boat  was  lying  at  the  time  under  banked  fires,  and  within 
20  minutes  she  was  under  way,  proceeding  down  the  Golden 
Horn  at  a  rapid  rate,  piloted  by  two  steam  launches.  She 
showed  her  remarkable  steering  qualities  by  the  manner  in 
which  she  threaded  her  way  among  the  numerous  lighters  and 
smaller  craft  that  would  hold  their  course  in  spite  of  warning 
whistles  and  shouting.  As  she  shot  the  bridge,  no  easy  task  in 
along  craft  with  a  current  setting  across  the  opening,  a  loud 
murmur  of  surprise  and  admiration  arose  from  the  crowd  of 
spectators  attracted  by  the  desire  to  see  the  wonderful  boat 
which,  according  to  rumor,  can  travel  as  well  under  the  sea 
as  on  the  top  of  it.  The  boat  at  the  time  was  in  her  surface 
condition — that  is,  with  her  funnel  up,  so  as  to  keep  in  play  the 
furnaces  of  the  ordinary  boiler,  and  more  or  less  of  the  hull 
shovfing  for  its  full  length.  Painted  as  she  is  of  a  light 
gray  color,  even  in  this  condition,  however,  it  was  no  easy 
matter  to  see  her  at  any  great  distance,  as  there  was  no  smoke 
issuing  from  the  funnel  to  attract  the  eye.  Arriving  off 
Seraglio  Point,  the  boat  stopped,  awaiting  the  orders  of  the 
Sultan,  who  had  notified  his  intention  of  personally  directing 
the  manoeuvres.  Here,  in  the  very  worst  part  of  the  current, 
she  easily  maintained  her  position  with  a  few  turns  of  the 
screw,  while  her  attendant  launches  were  obliged  to  seek  the 
shore.  The  order  having  been  given  to  attack,  as  a  surface 
boat,  a  merchant  steamer  lying  off  the  Scutari  shore,  the 
.Vordot/elt  rushed  ahead  at  full  speed.  End  on,  the  target  she 
presented  was  remarkably  small,  only  a  dome  with  a  bit  of 
chimney  on  it  ;  while  broadside-on,  the  difficulty  of  seeing  her 
was  increased  by  the  bow  wave.  She  seemed  to  cut  her  way 
like  a  plough,  banking  up  the  water  on  each  side  as  it  rolled 
over  the  snout — to  hide  herself,  as  it  were,  in  the  furrow  be- 
tween. Suddenly  two  thin  jets  of  water  were  seen  to  rise  from 
the  bows,  to  fall  again  in  showers  of  spray.  This  was  due  to 
the  opening  of  the  torpedo  tube-door,  and  in  action  would  have 
marked  the  dispatch  of  her  formidable  weapon.  As  the  said 
door  is  opened,  the  water  rushing  in,  drives  out  the  air  with 
the  effect  just  mentioned,  which,  to  uninitiated  eyes,  would 
bring  confirmation  of  a  previous  idea  that  a  whale  was  insight; 
from  its  resemblance  to  the  action  of  one  of  those  animals 
spouting.  After  this  attack,  a  trial  was  made  of  speed  against 
the  current.  The  Nordenfell  proceeded  very  steadily  ahead, 
doing  her  .S  knots  over  the  ground  easily  against  the  full 
strength  of  the  Bosphorus  current,  which  proved  her  to 
possess  a  speed  of  something  over  12  knots — a  very  satisfac- 
tory result,  considering  that  she  was  only  designed  to  steam 
10.  On  her  return  to  Seragli  j  Point,  the  Sultan  desired  that  a 
second  attack  should  be  made  upon  the  steamer  previously 
mentioned.  The  funnel  having  been  lowered,  the  A'ordenfelt 
proceeded  ahead,  gradually  sinking  as  the  ballast  tank  was 
filled  to  reduce  the  buoyancy.  On  reaching  the  steamer  she 
was  suddenly  lost  to  view,  but  shortly  afterwards  came  steam- 
ing round  from  the  other  side.  She  was  supposed  to  have 
launched  her  weapon  under  vifater,  and  then,  changing  course, 
risen  in  another  direction  in  order  to  facilitate  escape  in  case 
of  a  mine.  His  Imperial  Majesty  expressed  his  great  satisfac- 
tion with  the  performance  of  the  boat  after  this  run  and  then 
ordered  her  to  return  to  the  dockyard. 

"  Before  concluding,  it  is  as  we'll  to  point  out  that,  although 
the  boat  w\as  lying  under  banked  fires,  the  reserve  steam  was 
quite  ready,  the  water  in  the  reservoir  having  been  heated  up 
to  the  necessary  degree  over  night.  This  is  the  normal  con- 
dition in  which  these  boats  would  be  kept  in  time  of  war. 
They  can  be  maintained  in  this  condition  of  readiness  for  days 
together  at  a  very  small  e.\pense.  The  loss  of  heat  from 
radiation  is  so  small,  owing  to  the  special  arrangements  about 
the  boilers  and  reservoir,  that  the  prtssure  in  24  hours  only 
falls  some  loi  lbs.,  and  this  is  easily  regained  by  the  consump- 


tion of  from  200  to  300  lbs.  of  fuel.  The  boat  was  altogether 
under  way  about  five  hours,  during  two  of  which  she  was 
man<x-uvring  solely  with  reserved  steam.  At  the  end  of  the 
performance  700  lbs  of  pressure  was  still  left." 

Sodium  and  Aluminium. — The  London  Times  describes  a 
recent  metallurgical  improvement  just  brought  to  a  successful 
ccmmercial  completion  at  experimental  works  erected  for  that 
purpose  in  that  city.  This  is  a  new  process  for  the  production 
of  sodium,  and  through  sodium,  of  aluminium  and  magnesium, 
which  are  dependent  upon  it.  The  process  is  the  invention  of 
Mr.  H.  Y.  Castner,  of  New  York,  who  has  been  engaged  on  it 
for  several  years,  and  who  had  obtamed  certain  remarkable 
results  in  his  laboratory  there  previous  to  his  coming  to  Eng- 
land, in  order  to  develop  the  process  on  a  larger  and  more  per- 
fect scale.  The  effect  of  the  new  process  will  be  to  place  a 
practically  unlimited  supply  of  sodium,  aluminium  and  mag- 
nesium, as  well  as  of  metallic  alloys  dependent  upon  these 
substances,  at  the  disposal  of  the  various  arts  and  manufactures 
at  one-fourth  of  the  cost  at  which  they  have  heretofore  been 
available,  and  thus  to  greatly  cheapen  themany  articles  of  com- 
merce and  every  day  use  into  which  they  largely  enter. 

In  the  process  hitherto  employed  for  the  manufacture  of 
sodium  and  potassium,  carbonate  of  soda,  charcoal,  and  lime, 
in  the  proportions  of  30,  13,  and  7,  are  finally  mi.xed  and  cal- 
cined at  a  red  heat.  The  compound  mixture  is  afterwards  in- 
troduced into  wrought-iron  cylinders  and  heated  to  1,400° 
centigrade.  The  alkaline  metal  is  thereby  reduced  and  dis- 
tilled from  the  cylinder  containing  the  charge  through  a  small 
tube  provided  for  the  gases  and  vapors  into  a  condenser.  But 
the  quantity  of  metal  recovered  by  the  process  is  not  usually 
more  than  40  per  cent,  of  that  contained  in  the  charge,  while  the 
wear  and  tear  on  the  metal  cylinders  and  furnaces  employed  is 
estimated  as  equal  to  about  25  cents  per  pound  of  sodium  pro- 
duced. In  the  Castner  process  the  operations  are  carried  on 
in  large  cast-steel  crucibles.  The  charges  consist  of  caustic 
soda  and  a  finely  ground  artificial  compound  of  carbon  and 
iron,  which  is  the  reducmg  agent.  The  crucibles  are  first 
heated  in  a  small  furnace  at  a  low  temperature,  in  order  to  expel 
the  hydrogen  from  the  caustic  alkali,  and  fuse  quietly.  They 
are  afterwards  removed  to  a  larger  furnace,  where  the  sodium 
is  reduced  at  a  temperature  of  850°  centigrade,  whereas  the  old 
temperature  was  not  less  than  1.400°  centigrade.  While  reduc- 
tion is  in  progress  the  vapors  and  gases  pass  from  the  fused 
1  mixture  through  the  exit  pipe  from  the  cover  into  the  conden- 
j  ser,  where  the  metallic  vapors  are  condensed  to  metal  while  the 
i  uncondensed  gases  escape  by  a  small  outlet  tube.  It  is  a  re- 
markable fact  that  about  75  tons  of  fuel  have  been  required 
hitherto  to  produce  one  ton  of  sodium,  whereas  by  the  Castner 
process  not  more  than  25  tons  are  required  for  the  same  result. 
The  chief  item  of  saving,  however,  is  that  of  the  wear  and  tear 
of  cylinders  and  furnaces.  The  steel  crucibles  used  in  Mr. 
Castner's  process  show  but  little  wear  and  tear.  It  has  been 
calculated  by  chemical  experts  that  a  crucible  will  stand  at  least 
1  200  operations,  which  would  represent  not  more  than  2  cents 
per  pound  of  sodium  produced.  The  wear  and  tear  of  furnaces 
is  calculated  at  2  cents  more,  giving  for  these  two  items  about 
one-twelfth  the  expenditure  hitherto  required.  The  furnace 
already  at  work  is  capable  of  producing  120  lbs.  of  sodium  per 
I  day,  or  at  the  rate  of  about  16  tons  per  working  year.  This  is 
believed  to  be  a  larger  quantity  than  any  works  now  in  exist- 
ence are  capable  of  producing.  The  materials  employed  in  the 
process  are  inexpensive.  Eight  cents'  worth  of  caustic  soda 
!  is  equal  to  the  production  of  one  pound  of  sodium.  The  actual 
I  cost  of  production  is  not  more  than  iS  cents  per  lb.,  which  will 
allow  of  the  substance  being  sold  at  25  cents  per  lb.,  or  $500 
per  ton. 

The  Castner  process  promises  to  open  up  large  and  import- 
ant fields  of  usefulness  for  the  expensive  and  hitherto  compara- 
tively little  used  substances  that  have  sodium  as  their  base. 
The  principal  of  these  is  aluminium,  which  is  impervious  to 
the  action  of  the  atmosphere,  is  not  affected  by  acids,  and  is 
better  adapted  than  any  other  material  for  many  artistic  and 
useful  purposes,  including  not  only  personal  decoration,  but 
submarine  work,  torpedoes,  etc.  The  use  of  smallc]uantities  of 
aluminium  is  found  to  produce  remarkable  effects  on  iron  and 
steel.  The  application  of  that  metal  is  said  to  be  the  distin- 
gulshint;  characteristic  of  merit  of  the  Mitis  castings  introduced 
by  Mr.  T.  N'ordenfelt,  and  alike  to  iron  and  to  other  metals  it 
imparts  the  essential  quantities  of  tensile  strength,  luster,  and 
a  capacity  for  resisting  oxidation.  Many  authorities  believe 
on  this  account  that  aluminium  alloys  with  steel  or  copper  will 
provide  the  highest  qualities  of  metal  for  ordnance  purposes. 
Cheap  sodium,  moreover,  facilitates  the  production  of  chrom- 
ium, which  imparts  valuable  properties  to  iron  and  steel,  and 
the  use  of  which  in  iron  and  steel  manufacture  appears  to  be 
limited  only  by  its  available  extenl. 
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The  dynamite  gun,  in  which  a  shell  containing  dyna- 
mite or  other  high  explosives  is  used,  and  in  which  com- 
pressed air  is  the  projecting  power,  has  apparently  estab- 
lished its  place  as  an  efficient  and  formidable  weapon  for 
coast  defense,  if  not  for  an  aggressive  attack.  A  range 
of  some  two  miles  has  already  been  attained,  and  it  is 
not  improbable  that  this  can  be  improved,  while  the  pro- 
jectile is  capable  of  doing  very  much  greater  damage  than 
that  thrown  by  an  ordinary'  gun  of  many  times  the  weight 
of  the  dynamite  gun. 

The  dynamite  shell  is  practically  an  air-torpedo,  with 
the  advantage  that  its  course  can  be  regulated  and 
directed  with  a  much  nearer  approach  to  certainty,  and 
with  much  simpler  machinery,  than  that  of  the  submarine 
torpedo,  while  its  effective  range  seems  to  be  much 
greater. 

While  the  work  of  preparing  the  Navy  for  war  is  going 
on,  and  new  battle  ships  and  cruisers  are  planned  and 
built,  the  duties  which  frequently  devolve  on  the  service 
in  time  of  peace  should  not  be  forgotten.  To  watch  and 
protect  commerce  is,  of  course,  the  chief  work  of  the  Navy 
usually,  and  to  enable  it  to  do  this  efficiently  there  is 
needed— in  Chinese  and  other  Eastern  waters,  in  Alaska, 
and  for  the  squadron  in  the  Southern  Pacific  especially — 
a  class  of  small  gunboats  or  dispatch  boats  to  serve  with 
the  large  cruisers.  The  service  which  these  boats  should 
perform  is  now  devolved  on  a  few  tugs  and  old  steamers, 
some  of  them  almost  unseaworthy  and  all  poorly  equipped 
and  supplied  with  machinery  of  obsolete  patterns.  The 
work  which  they  do  is  poorly  done  and  at  an  unneces- 
sarily great  expense. 

The  vessels  that  are  really  needed  are  of  small  size  and 
light  armament,  with  engines  of  the  latest  and  most 
economical  patterns,  and  arranged  to  carry  fuel  for  a 
cruise  of  considerable  length.  They  would  not  be  costly 
to   build   or  arm,  and  would  fully  pay  for  themselves  in  a 


short  time  in  the  saving  over  the  cost   of   running  the 
sliips  now  in  use. 

From  the  tables  prepared  for  the  English  "  Lloyd's," 
which  probably  approach  completeness  more  nearly  than 
anything  else  attainable,  it  appears  that  at  the  beginning 
of  the  present  year  the  mercantile  shipping  of  the  world 
included  35,124  vessels,  having  a  total  registered  tonnage 
of  20,943,650.  Of  these  9,969,  of  10,531,843  tons,  were 
steamers,  and  25,155,  of  10,41 1,807  tons,  were  sailing  ves- 
sels ;  the  steamers  thus  averaging  nearly  1,100  tons  each, 
while  the  sailing  vessels  averaged  only  about  400  tons. 

An  illustration  of  the  modern  tendency  is  found  in  the 
fact  that  while  there  was  last  year  a  small  increase  in 
steam  tonnage,  there  was  a  decrease  both  in  the  number 
and  tonnage  of  sailing  ships. 

The  figures  given,  it  must  be  remembered,  include  only 
sea-going  ships,  no  vessels  of  less  than  100  tons  burden 
and  no  boats  engaged  in  river  or  other  purely  inland  navi- 
gation being  included  in  the  list. 

Great  Britain  heads  the  list  of  shipowning  countries, 
being  credited  with  about  65  per  cent,  of  the  steam  ton- 
nage and  38  per  cent,  of  the  sail  tonnage.  The  United 
States,  while  fourth  in  the  list  of  steamship  owners, 
having  only  about  8  per  cent,  of  the  steam  tonnage,  is 
given  as  second  in  sailing  tonnage,  having  about  15  per 
cent,  of  the  total  of  that  class. 

While  over  96  per  cent,  of  the  steam  vessels  are  re- 
ported as  built  of  iron  or  steel,  wood  still  holds  an  import- 
ant place  among  the  sailing  vessels,  about  80  per  cent,  of 
the  tonnage  (92  per  cent,  of  the  number  of  vessels)  being 
of  that  material. 


Just  at  present  a  falling-ofi  in  the  demand  for  steel 
rails  and  other  supplies  for  new  railroads  is  reported, 
although  all  the  rail-mills  and  other  works  are  very  busy 
on  orders  which  will  require  some  months  yet  to  fill. 
Those  who  watch  the  markets  closely,  also  report  that 
new  railroad  securities  are  now  not  taken  up  at  all  by 
investors. 

As  has  been  heretofore  noted,  the  building  of  new  rail- 
road lines  this  year  will  probably  reach  nearly,  if  not  quite, 
12,000  miles.  The  construction  of  so  great  a  mileage 
requires  the  investment  of  an  enormous  sum  of  money, 
and  a  large  part  of  the  surplus  capital  available  for  such 
purposes  has  probably  been  already  invested,  and  its 
owners  are  inclined  to  wait  and  see  the  result  before  put- 
ting in  more.  Then,  again,  the  immediate  demands  of 
traffic  will  be  pretty  well  satisfied  by  the  new  lines  now 
under  construction,  and  there  is  not  much  disposition 
among  the  investing  public  to  put  their  money  into  purely 
speculative  railroads,  in  view  of  the  events  of  the  past 
few  years. 

There  are  quite  enough  of  these  speculative  railroads 
building  as  it  it,  and  a  condition  of  affairs  which  will  pre- 
vent the  undertaking  of  more  is  not  an  unmixed  evil. 
The  speculative  road  is  usually  not  only  a  waste  of  money 
in  itself,  but  it  is  also  a  hindrance  to  legitimate  enter- 
prises which  would  really  benefit  the  country. 


The  Canadian  Government  has  decided  to  send  no  more 
expeditions  to  Hudson's  Bay  in  connection  with  the  pro- 
jected opening  of  a  route  to  the  Northwest.    The  Govern- 
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ment  has  come  to  the  conclusion  that  the  navigation  of 
the  bay  is  too  uncertain,  and  the  season  too  short  to  war- 
rant the  building  of  a  costly  railroad  line  to  reach  its 
waters.  From  present  information  it  appears  that  the 
longest  period  of  open  navigation  to  the  ports  on  Hudson's 
Bay  is  three  months  in  a  favorable  season,  while  there  is 
often  less  than  two  months  of  open  water  ;  moreover, 
masters  of  vessels  do  not  like  the  voyage,  as  fogs  are  very 
common  in  the  summer,  and  they  always  run  the  risk  of 
being  caught  in  the  ice  and  compelled  to  winter  in  the 
bay.  Under  these  circumstances  this  line  could  hardly 
be  deemed  a  reliable  one  as  an  outlet  for  any  considerable 
tratflc,  or.  indeed,  for  any  traffic  which  could  find  another 
route.  Seen  on  the  map  the  Hudson's  Bay  route  from 
Manitoba  looks  like  a  direct  and  e.vcellent  one,  but  it  is, 
unfortunately,  too  far  north  to  be  available  for  practical 
use. 

The  railroad  from  Manitoba  to  York  Factory,  or  such 
other  point  on  the  bay  as  might  be  cho.sen,  would  be 
probably  blocked  by  snow  the  greater  part  of  the  year. 
Its  business  would  be  almost  entirely  dependent  on  the 
navigation,  for  no  local  trathc  could  be  hoped  for  beyond 
a  few  miles  from  Winnipeg.  As  the  Government  has 
practically,  by  its  recent  decision,  put  an  end  to  all  hopes 
of  subsidy,  the  building  of  the  road  might  as  well  be 
abandoned,  and  probably  will  be  given  up,  although  the 
talk  about  it  may  bj  kept  up  for  a  little  while  longer. 

The  si.xth  convention  of  the  American  Street  Railway 
Association,  which  will  be  held  in  Philadelphia.  October 
19,  will  be  a  meeting  of  unusual  interest,  owing  to  the  im- 
portant topics  to  be  discussed.  Ever  since  the  Associa- 
tion was  formed,  the  question  of  a  substitute  for  animal 
power  has  been  belore  it,  but  at  no  previous  meeting  has 
there  been  so  much  actual  progress  to  be  reported.  The 
cable  railroad  has  for  some  time  been  regarded  as  a  suc- 
cess where  an  expensive  plant  is  warranted  by  the  traffic, 
and  the  experience  now  gained  is  sufficient  to  show  that 
the  electric  railroad  must  be  considered  in  all  plans  for  the 
future.  These  and  other  questions  will  give  the  Associa- 
tion abundant  material  for  di 
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The  New  Kngland  Railroad  Club  at  Boston  and  the 
Western  Railway  Club  at  Chicago  have  opened  their  re- 
spective seasons  in  a  manner  which  promises  well,  and 
a  series  of  interesting  meetings  may  be  looked  for  through 
the  winter.  The  Master  Car-Builders'  Club  In  New  York 
has  not,  as  this  is  written,  yet  completed  its  arrangements 
for  meetings,  but  will  doubtless  do  so  before  long. 

Some  reference  was  made  in  this  column  last  month  to 
a  plan  for  using  electricity  to  increase  the  adhesion  of 
locomotive  drivers  to  the  rails  which  was  tried  on  the 
Central  Railroad  of  New  .'ersey  nearly  30  years  ago.  As 
then  stated,  no  official  record  of  the  test  seems  to  have 
been  preserved  in  the  offices  of  the  company.  Some  of 
those  who  took  part  in  them,  however,  are  still  on  the 
road,  and  their  testimony  is  that  the  trials  were  continued 
for  some  time  on  two  or  three  engines,  but  with  little  or 
no  success,  and  were  finally  given  up  with  the  conviction 
that  the  results  obtained  were  not  sufficient  to  warrant 
further  use  of  the  apparatus. 

The  arrangement  used  was  a  battery  (or  batteries)  car- 
ried on  the  running-board  of  the  locomotive,  from  which 


connections  were  made  to  the  tires  by  means  of  a  mag- 
netic coil.  No  very  definite  description  of  the  apparatus 
survives,  however.  It  was  the  work  of  a  French  inventor 
named  Quetil,  we  believe. 

These  experiments,  however,  were  really  of  very  little 
importance,  and  are  only  of  interest  as  showing  how 
present  investigations  were  anticipated  at  an  earlier  day, 
when  less  was  known  about  the  subject  of  electricity  than 
now\ 

The  derailment  of  a  train  by  wind  is  not  a  kind  of  ac- 
cident altogether  unprecedented  in  this  country.  In  the 
West  and  Southwest,  such  accidents  occur  nearly  every 
year,  the  cyclones  of  those  sections  of  the  country  some- 
times upsetting  trains  with  disastrous  results.  Similar 
accidents  have  also  occurred  among  the  mountain  gorges 
of  Colorado.  An  English  contemporary  mentions  a  wind 
derailment  on  the  Southwestern  Railroad  of  Russia,  in 
which  iS  freight  cars  were  wrecked,  as  something  almost 
if  not  altogether  new.  In  the  Russian  case,  the  train  was 
not  on  a  steppe  or  prairie,  but  on  a  hillside,  the  wind 
being  concentrated  in  force  by  sweeping  through  a  long 
and  narrow  valley,  corresponding  thus  to  the  mountain 
accidents  in  Colorado. 


THE  INCREASE  OF  THE  AMERICAN    NAVY. 

THE  people  of  the  United  States  have,  ever  since  the 
adoption  of  their  constitution,  been  congratulating 
themselves— and  with  good  reason  too— that  they  are 
not  obliged  to  maintain  a  large  standing  army  and 
a  costly  navy.  There  is  too  much  business  shrewdness  in 
the  American  character  not  to  see  the  immense  advantage 
we  have  enjoyed  in  being  relieved  of  the  obligation  of 
constructing  and  maintaining  a  great  army  and  navy 
The  money  expended  on  these,  in  more  sense.=  than  one, 
would  be  dead  capital,  and  unproductive  ol  the  utilities 
of  life  and  happiness.  Our  own  civil  war,  however,  sug- 
gested the  possibility  of  foreign  invasion,  which  it  has 
often  been  feared  might  be  invited  by  our  defenseless 
condition  This  fact  and  an  overflowing  treasury  have 
created  a  very  general  and  strong  sentiment  in  favor  of 
an  increase  of  our  navy  and  sea-coast  defenses. 

A  great  deal  has  been  said  of  late  years,  too,  of  the 
need  and  the  wisdom  of  the  National  Government  granting 
aid,  in  the  form  of  bounties  or  otherwise,  to  our  foreign 
shipping.  Attention  has  often  been  called  to  the  fact 
that  the  British  and  other  governments,  by  subventions 
of  various  kinds,  help  to  sustain  the  great  lines  of 
steamers  which  maintain  their  commercial  relations  with 
all  parts  of  the  world,  and  hardly  a  session  of  Congress 
passes  without  some  schemes  being  presented  for  the  en- 
couragement of  foreign  shipping  or  maintaining  the 
National  flag  with  "an  appropiation." 

During  the  last  few  years,  large  sums  have  been  ap- 
propriated for  the  building  of  warships  and  the  creation 
of  a  navy,  and  it  now  seems  as  though  we  are  about  to 
follow  the  example  of  European  nations,  in  a  policy  which 
to  them  has  been  so  costly  and  generally  profitless. 

Looking  at  the  question  from  an  economic  point  of 
view,  it  would  seem  as  though  it  will  be  a  great  waste  of 
money  to  build  and  maintain  a  large  number  of  ships, 
which  in  time  of  peace  will  be  useless,  and  then  duplicate 
the  expenditure  for  other  ships  to  be  employed  in  benefi- 
cial commerce. 
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Ordinary  business  common  sense  will  suggest  that  if  it 
be  possible  to  build  ships,  which  in  times  of  peace  could 
be  employed  for  commercial  purposes,  and  in  case  of  war 
could  be  used  for  the  National  defense,  that  from  a  purely 
economical  point  of  view,  the  country  would  be  very 
much  the  gainer.  It  is,  of  course,  true  that  a  great  nation 
must  maintain  a  naval  force,  and  that  the  men  must  be 
trained  in  actual  service,  and  for  that  purpose  there  must 
always  be  warships.  Besides  this,  one  or  more  classes  of 
vessels  are  needed  for  aggressive  and  defensive  warfare, 
which  are  entirely  unfitted  for  commercial  purposes.  But 
the  exigencies,  or  rather,  the  evolution  of  modern  naval 
warfare,  have  shown  that  at  least  one  class  of  warships 
must  have  many  features  in  common  with  the  latest  type 
of  merchantmen.  In  the  last  report  of  Admiral  Porter 
to  the  Secretary  of  War,  it  is  said  that : 

In  rehabilitating  the  navy  we  should  ascertain  ai  near  as 
possible  the  method  of  fighting  by  single  vessels  and  in  fleets, 
in  order  to  devise  a  system  of  classification  which  will  enable 
us  to  use  our  ships  in  future  combats  in  the  most  effective 
way. 

In  his  report  the  Secretary  of  War  says  : 

The  experiences  of  the  Department  in  its  first  attempt  at  the 
creation  "f  modern  vessels  of  war  have  been  such  as  to  excite 
the  greatest  concern  and  disappointment.  .An  examination  of 
the  facts  with  reference  to  them  demonstrated  that  an  entirely 
new  departure  wa,';  necessary  in  undertaking  further  similar 
construction.  The  one  characteristic  which  an  unarmored 
cruiser  must  possess  is  great  speed.  This  is  determined  by 
the  function  which  she  is  expected  to  perform  in  modern  war- 
fare. She  is  a  "commerce  destroyer."  She  must  be  able  to 
escape  from  iron-clads  and  outrun,  so  as  to  overhaul,  merchant- 
men. If  slower  than  iron-clads  she  could  not  keep  the  sea, 
and  if  slower  than  merchantmen  she  mi«ht  as  well  stay  in 
port.  This  division  of  ships  by  the  functions  which  they  are 
expected  to  perform  is  one  of  the  things  which  has  come  about 
of  recent  years.  When  it  became  impossible  to  concentrate 
in  one  ship  both  the  greatest  speed,  strongest  armament  and 
the  highest  defensive  power,  without  reaching  a  tonnage  dis- 
placement wholly  out  of  the  question,  the  division  into  classes, 
according  to  the  functions  which  they  are  expected  to  perform, 
came  about.  Unarmored  cruisers  have  become  a  distinct  class, 
and  the  characteristic  ahscliitely  indispensahU  to  this  class  is  very 
^eat  sfttd. 

Admiral  Porter  says  ; 

We  have  now  reached  a  point  where  the  greatest  speed  is 
demanded  for  a  ship  of  war.  A  vessel  making  but  15  or  i6 
knots  would  be  useless  as  a  cruiser  in  time  of  war,  for  such  a 
vessel  could  catch  nothing  and  could  not  escape  from  a  superior 
force. 

Inasmuch  as  great  speed  is  indispensable  for  this  class 
of  warships,  and  also  for  mercantile  vessels  engaged  in 
certain  kinds  of  traffic,  it  would  seem  to  be  possible  to 
design  ships  which  could  be  employed  in  either  service, 
or  at  least  they  might  be  constructed  for  mercantile  uses, 
but  arranged  so  that  alterations  which  would  fit  them  for 
war  purposes  could  be  quickly  and  cheaply  made. 

The  British  Admiralty  has  acted  upon  this  idea  and  has 
arranged  for  the  maintenance  of  a  reserve  fleet  of  mer- 
cantile vessels  suitable  and  available  for  use  as  armed 
cruisers. 

In  a  communication  of  Mr.  Farwood,  Parliamentary 
Secretary  to  the  Admiralty,  to  the  Secretary  of  the 
Treasury,  during  the  present  year,  it  was  pointed  out 
that  the  vessels  most  likely  to  suit  the  purposes  of  the 
Admiralty  were  steamers  of  such  high  speed  as  would  in 
all  probability  be  used  for  the  conveyance  of  mails  and 
passengers,  and  it  was  further  stated  that  the  Admiralty 
considers  that  no  vessel  of  a  speed  of  less  than  17  or  18 
knots  at  sea  would  fully  meet  the  object  they  have  in 
view.  It  was  said  further  that  existing  vessels,  even  with 
this  speed,  but  which  have  not  been  built  specially  to  Ad- 


miralty designs,  would  not  be  so  valuable  to  the  country 
as  vessels  which  meet  these  requirements.  If  constructed 
to  meet  the  views  of  the  Admiralty  they  would  be  at  a 
disadvantage  in  respect  to  their  cargo-carrying  powers, 
and,  therefore,  it  would  be  a  distinct  advantage  to  the 
country  if  every  reasonable  encouragement  were  given  ta 
ship-owners  to  build  and  maintain  this  description  of 
steamers  in  the  trades  that  may  be  expected  to  support 
them. 

Discussing  the  subject,  the  Secretar>'  said  still  further: 
The  intention  of  a  fleet  of  "  Royal  Naval  Reserved  Cruisers  " 
would  be  obviously  of  great  Xational  advantage.  In  a  pecuniary 
sense  they  would  serve  to  limit  the  necessity  felt  by  their  Lord- 
ships for  the  construction  of  fast  war  vessels  to  protect  the  com- 
merce of  the  country.  Not  only  would  the  Nation  be  a  pe- 
cuniary gainer  in  respect  to  the  first  cost  of  such  vessels,  but 
their  annual  maintenance,  which  amounts  to  a  large  sum, 
would  be  saved,  were  such  vessels  maintained  while  not  required 
for  Admiralty  purposes  in  mercantile  trading. 

Regarding  the  conditions  as  to  vessels  to  be  built  it  is 
said  : 

Plans  of  two  proposed  new  vessels  to  be  forthwith  con- 
structed, and  completed  in  about  18  months,  or  two  years,  have 
been  laid  before  the  Director  of  Naval  Construction.  That 
officer  has  reported  that  these  plans  would  provide  vessels 
far  in  advance  of  anything  that  has  yet  been  submitted  to  the 
Admiralty  for  the  purpose  of  armed  cruisers.  They  would  be 
of  large  size,  of  exceedingly  high  speed,  provided  with  twin 
screws,  have  their  engines  and  boilers  placed  below  the  water 
line,  be  divided  into  numerous  compartments  and  have  a 
protected  steering  gear.  *  *  *  Their  coal  capacity  would 
be  such  that  at  a  cruising  speed  they  would  probably  keep  the 
sea  for  a  long  period,  probably  not  less  than  three  months. 

The  question,  of  course,  presents  itself  whether  a  ship 
can  be  designed  which  will  be  economical  commercially 
and  at  the  same  time  efficient  or  convertible  into  an  efficient 
warship  in  case  of  need.  The  British  Admiralty 
evidently  are  of  the  opinion  that  it  is  possible,  and,  un- 
doubtedly, if  the  problem  was  presented  of  designing  a 
ship  which  would  be  adapted  to  both  kinds  of  service  or 
which  would  be  constructed  with  reference  to  being  con- 
verted or  altered  into  a  warship,  the  ingenuity  of  naval 
constructors  would  devise  methods  of  doing  it. 

The  advantages  of  such  a  system  would  be  very  great. 
Our  navy,  or  a  considerable  part  of  it,  instead  of  being 
useless  in  times  of  peace,  would  be  productive.  Subven- 
tions paid  to  private  parties  would  encourage  and  promote 
our  shipping  interests.  The  money  paid  for  constructing 
and  maintaining  ships  suited  for  war  purposes  would  help 
to  cheapen  transportation,  and  the  service  would  create 
a  trained  body  of  seamen.  It  would  enlist  the  knowledge.- 
skill,  experience  and  interest  of  private  parties  in  design- 
ing the  most  efficient  ships  for  the  dual  service,  and,  for  a 
given  size  of  navy,  it  would  lessen  enormously  the  expen- 
diture of  the  Government  for  the  construction  of  warships. 


THE    STRONG   LOCOMOTIVE. 

A  "report  and  opinion,"  by  E.  D.  Leavitt,  Jr.,  of  tests 
-^^  of  the  Strong  locomotive  has  recently  been  issued 
by  the  Strong  Locomotive  Company.  The  tests  were 
made  with  three  locomotives  as  follows  : 

ENGINE   NO.   444 

was  fitted  with  Strong's  patent  twin  furnace  boiler  and 
Strong's  patent  four-valve  cylinder  and  valve-gear.  It 
had  cylinders  20  x  24  in.;  six  driving-wheels,  62,1  in. 
diameter;  heating  surface  in  boiler,  1,848  square  ft.;  total 
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weight  on  driving-wheels,  90.000  lbs.:  total  weight  of  en- 
gine, 138.000  lbs. 

ENGINE  NO.  383 
had  an  ordinary  straight-top  boiler,  with  fire-bo.x  over  in- 
stead of  between  the  frames,  anthracite-coal  grates,  and 
fitted  with  Strong's  patent  cylinder  and  valve-gear,  simi- 
lar to  that  used  on  No.  444.  Cylinders,  19  x  24  in.;  four 
driving  wheels,  65',;;  in.  diameter;  heating  surface  in 
boiler,  1,385.9  square  ft.;  total  weight  on  driving-wheels, 
74,640  lbs.;  total  weight  of  engine,  99,520  lbs. 

ENGINE  NO.  357 
had  an  ordinary  boiler,  similar  to  that  of  engine  383,  ex- 
cepting that  it  had  a  "  wagon  top  "  eight  inches  high,  and 
a  link-motion,  common  to  American  practice,  with  plain 
slide  valves  having  De  Lancey's  balancing  device.  Cylln 
ders,  20,'4  x  24  in.;  four  driving-wheels,  66 '4  in.  diame- 
ter; heating  surface  In  boiler,  1,572.1  square  ft.;  total 
weight  on  driving-wheels,  63,280  lbs.;  total  weight  of 
engine.  90,720  lbs. 

The  tests  were  made  in  April  and  May,  on  the  Lehigh 
Valley  Railroad,  between  Wllkesbarre  and  Mauch  Chunk, 
a  distance  of  55  miles.  A  round  trip  was  made  each  day 
of  the  trial.  This  route  is  a  continuous  succession  of 
curves  as  sharp  as  14  degrees,  and  grades  as  steep  as  96  ft. 
per  mile. 

The  tests  were  made  with  passenger  trains,  consisting, 
usually,  of  eight  cars  on  the  northward  trip  and  five 
southward,  which  weighed  421,500  lbs.  and  253,000  lbs. 
respectively. 

It  is  not  easy  to  make  any  e.xact  comparison  from  the 
experiments  reported,  because  the  loads,  the  quality  of 
the  coal  and  the  sizes  of  the  different  engines  varied  so 
much.  On  page  9  of  the  report,  a  comparison  is  made  of 
the  coal  consumption  of  each  of  the  engines  on  two  trips, 
when  the  same  grade  of  coal  ^anthracite)  was  used,  and, 
with  one  exception,  the  loads  were  the  same.  The  per- 
formance of  the  engines  on  these  runs  was  as  follows  : 


Engine. 

Pounds  coal 
consumed. 

Pounds  water 
evaporated. 

Average  pounds  water 
evaporated  per  pound  coal 

No.   444 

13.0-3 

I02,()0S 

7-S 

"      383* 

14,883 

84,098 

5.6 

"     357 

16,174 

96,936 

5-9 

From  this  statement  it  will  be  seen  that  the  engine  with 
the  Strong  boiler  and  valve-gear  burned  3.101  lbs.  or  19  I 
per  cent,  less  coal  than  engine  357  with  an  ordinary  boiler 
and  valve-gear  did  In  doing  the  same  work.  Engine  383, 
with  an  ordinary  boiler  and  Strong's  valve-gear,  burned 
1,291  lbs.,  or  8  per  cent,  less  coal  than  357,  although,  in 
this  case,  on  one  of  its  runs  engine  383  had  a  lighter  train  1 
than  357. 

It  cannot  escape  attention,  though,  that  engine  444 
with  the  Strong  boiler  consumed  more  water  in  doing  the 
same  work  than  either  of  the  others,  which  leads  to  the  | 
suspicion  that  it  does  not  work  dry  steam.  This  excessive 
consumption  of  water  of  course  has  a  marked  eflect  on 
the  evaporation  of  water  per  pound  of  coal.  If  we  com- 
pare the  total  fuel  consumption  of  engine  444  we  find  a 
difference,  as  stated  above,  of  19  per  cent,  in  favor  of  the 
former,  whereas  it  evaporated  nearly  a  third  more  water 
per  pound  of  coal  than  engine  357.  In  explanation  of  this, 
Mr.  Strong  in  a  letter  to  the  Railroad  Gazette  says : 

First,  the  fireman   of   No.   444  had   not  becotne  sufficiently 

•  On  one  trip  northward  the  train  which  this  engine  drew  weighed  only 
374,300  lbs.  instead  of  421,500  lbs.  in  all  the  other  northward  runs. 


expert  to  prevent  the  blowing  off  of  steam  at  stations  and 
while  running  tlown  Rratle  without  steam.  Secondly,  No.  444 
has  steel  valves,  which  have  not  worn  well,  and  whirh  leak 
sllRhtly  ;  whereas  the  valves  in  No.  383  are  cast-iron,  which 
have  worn  as  smooth  as  glass  and  kept  perfectly  tif,'hl. 
Thirdly,  the  engineer  of  No.  444  had  not  become  accustomed 
to  the  engine,  and  carried  his  water  so  high  that  priming  oc- 
curred ;  and  fourthly,  the  valve  gear  of  No.  444  was  designed 
after  the  engine  was  nearly  completed  ;  having  to  be  arranged 
to  accommodate  e.tisting  parts,  its  proportion  could  not  be 
kept  as  accurately  as  those  of  3S3's  gear. 

In  comparing  the  performance  of  these  engines,  their 
relative  weight  should  also  be  taken  into  account.  En- 
gine 444  weighs  38,480  pounds,  or  38  per  cent,  more  than 
engine  383,  and  47,280  pounds,  or  over  50  per  cent,  more 
than  engine  357.  The  heating  surface  of  engine  444  is 
also  much  greater  than  that  of  either  of  the  other  en- 
gines. A  large  boiler  always  has  an  advantage  over  a 
small  one  when  the  small  one  Is  worked  hard.  For  this 
reason,  although  the  experiments  show  a  marked  economy 
of  the  Strong  engine  over  the  one  of  the  ordinary  type, 
yet  they  are  not  conclusive  with  reference  to  the  question 
of  the  relative  economy  of  the  two  classes  of  engines  of 
the  same  size  and  weight.  The  practical  question  usually 
Is;  "  Into  what  form  can  a  given  number  of  tons  of  iron 
and  steel  be  put  so  as  to  make  the  most  efficient  and 
economical  locomotive?"  It  is  doubtful  whether  this 
question  can  be  answered  by  comparing  engines  as  dis- 
similar In  size  and  weight  as  those  were  which  were  the 
subjects  of  the  experiments  reported  on. 

The  inventor  of  the  Strong  locomotive  and  the  com- 
pany with  which  he  Is  associated  have  shown  so  much 
enterprise  in  building  engines  of  this  type  that  every 
opportunity  should  and  doubtless  will  be  given  to  them 
to  show  what  they  can  do  ;  but  to  be  conclusive  a  com- 
parison must  be  made  of  two  engines  of  similar  weight 
and  dimensions,  working  underthe  same  conditions. 

Of  course,  much  allowance  should  be  made  for  a  new 
machine  of  this  kind.  The  men  who  run  it  are  inexperi- 
enced In  its  use  and  probably  not  able  to  work  it  to  the 
best  advantage  ;  and  more  or  less  modification  of  details 
must  always  be  expected  in  a  machine  which  Is  as  great 
a  departure  from  old  practice  as  the  Strong  engine  is,  in 
order  to  get  the  best  attainable  results.  Our  criticism  is 
not  intended  as  an  expression  of  doubt  of  the  success  of 
this  form  of  locomotive,  but  Is  meant  to  imply  that  further 
experiments  are  needed  to  demonstrate  its  capabilities. 


Accidents  to  Employes  on  British  Railroads. 

THE  last  accident  report  of  the  British  Board  of  Trade 
gives  some  Interesting  statistics  of  accidents  to  em- 
ployes on  the  railroads  of  that  country.  For  the  10  years 
from  1877  to  1886,  Inclusive,  the  number  reported  is  as 
follows  : 

In    Train  Accidents.  In    Other    Accidents. 

Killed.         Injured.  Killed.         Injured. 

1S77 22                 154  620            2,009 

1878 15                 156  529             1,847 

1879 8                 118  444             1,836 

1880 23                 118  523             1,962 

l88i 19               168  502            2,278 

1882 21                153  532            2,423 

1883 II                  87  543            2,373 

1884 23                115  523            2,204 

1885 13                Si  438           2,036 

i886 4                81  421            1,929 
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The  proportion  of  deaths  and  injuries  to  tlie  total  num- 
ber of  employes  is  given  for  each  year  in  the  report ;  it  is, 
however,  based  on  estimates  only,  except  in  the  year  1S84. 
when  a  special  return  made  to  Parliament  gave  the  total 
number  of  men  employed  on  the  railroad  lines  of  Great 
Britain  as  346,426.  .Vcceptingthe  estimated  figures,  how- 
ever, as  nearly  correct,  the  returns  show  that  there  has 
been  a  continuous  and  marked  decrease  in  the  proportion 
of  casualties.  In  1S77,  there  was  i  person  killed  to  4i4em- 
ployed,  and  i  injured  to  123:  in  1886,  the  proportions  had 
fallen  to  i  in  815  killed  and  i  in  172  injured,  a  very  sub- 
stantial improvement.  This  improvement,  moreover,  was 
not  spasmodic,  but  steady  and  continuous. 

.■\s  to  the  relative  dangers  involved  in  the  difTerent 
kinds  of  employments  on  railroads,  the  following  table 
is  given.  In  this,  the  Board  takes  the  total  number  of 
employes  killed  and  injured  (in  train  and  all  other  acci- 
dents) in  1886,  and  compares  them  on  the  basis  of  the  re- 
turn of  1884,  the  Board  believing  that  the  total  number  of 
employes  has  not  changed  since  then  greatly,  or  indeed 
more  than  it  ordinarily  fluctuates  from  month  to  month. 
This  table  is  as  follows : 

Total  Xo.  Killed,  Injured. 

Station-masters 6,I'J5  i  in  1,027  I  in  1,027 

Brakemen  and  goods-guards,  7,407  i  in      ig2  i  in        iS 

Permanent-nay   men 37.S40  tin      411  i  in      261 

Gatekeepers 1.605  tin     321  i  in     535 

Engine  drivers 12,874  i  in  1,609  I  in        9° 

Porters  and  shunters 48,070  i  in     546  i  in       84 

Firemen 12,795  i  in      711  i  in       65 

Inspectors 3.51S  tin      5S6  i  in     207 

Passenger  guards 5,902  i  in  2,951  i  in      100 

Pointsmen  and  Signalmen,..  19,012  i  in  1,728  i  in     487 

Laborers 70,405  i  in  1,902  i  in     977 

Ticket  collectors,  etc 2,060  i  in  1,030  i  in  1,038 

Mechanics 55,94°  i  in  6,213  i  in  2,331 

Other  classes 62,833  I  '"      604  i  in      411 

Tolal 346,426       I  in      S15     i  in      172 

Some  of  the  conclusions  above  shown  accord  very 
nearly  with  our  experience  in  this  country.  That  the 
proportion  of  casualties  should  be  very  high  among  brake- 
men  and  goods-guards  for  freight  conductors),  among 
porters  and  shunters  1  or  yardmen)  and  among  engineers 
and  firemen  we  would  naturally  e-xpect ;  but  why  gatemen 
should  stand  only  second  in  the  proportion  of  killed  is 
not  easy  to  be  seen. 

\early  30  per  cent,  of  the  deaths  and  over  60  per  cent, 
of  the  injuries  not  due  to  train  accidents  were  due  to 
operations  connected  with  the  shunting  or  shifting  of 
cars.  The  car  coupler  is  a  question  intimately  connected 
with  the  safety  of  trainmen  in  England  as  well  as  here. 

The  following  table  shows  the  number  killed  and  injured 
in  shifting  or  yard  work,  the  first  column  giving  the  cas- 
ualties resulting  directly  from  coupling  or  uncoupling 
cars  ;  the  second,  the  total  number  of  shifting  casualties 
its  figures  therefore  necessarily  including  those  of  the  first 
column  as  well : 

Coupling.  ,\11  Shunting. 

Killed.    Injured.       Killed.    Injured. 

1S77 167  1,175 

1878 44     313  124  1,051 

1879 -i           304  99  1,047 

1880 '40     29S  127  1,141 

1881 35     377  125  1,339 

1882 34     42()  121  1,556 
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1S.S3 45  395  130  i,449 

18S4 29  341  91  1,320 

18S5 36  2O7  13S  1,236 

1886 ^.    ...  23  301  119  1,168 

It  can  hardly  be  said  that  this  table  shows  an  improve- 
ment, although  the  figures  for  1886  are  somewhat  better 
than  those  for  the  preceding  year.  At  best,  it  may  besaid 
that  the  increase  in  accidents  of  this  class  has  not  been 
greater  than  that  in  mileage  and  traffic,  and  that  they  have 
remained  about  stationary. 

Assuming  the  same  basis  as  that  taken  by  the  Board  of 
Trade  in  the  table  given  above,  and  taking  the  classes  of 
men  usually  employed  in  shifting  operations,  we  find  that 
in  1886  the  proportion  of  casualties  was  i  in  466  killed 
and  I  in47>2  injured  in  all  shifting  work  ;  i  in  2,412  killed 
and  I  in  184  injured  in  the  actual  coupling  and  uncoup- 
ling of  cars. 

It  IS  very  much  to  be  regretted  that  there  are  no  statis- 
tics in  existence  which  would  make  a  comparison  possible 
between  the  railroads  of  Great  Britain  and  those  of  the 
United  States,  On  the  railroads  of  Massachusetts,  in  1886, 
the  average  number  of  persons  employed  was  31,188,  and 
the  total  number  of  casualties  to  employes  reported  was 
63  killed  and  211  injured;  an  average  of  i  in  495  killed 
and  I  in  148  injured,  or  a  very  much  worse  showing  than 
that  made  by  the  English  railroads.  Some  of  this  differ- 
ence may  be  due  to  the  fact  that  the  English  returns  in- 
clude a  larger  proportion  of  warehouse  laborers  and  sta- 
tion men,  who  can  hardly  be  said  to  be  exposed  to  the 
usual  dangers  of  railroading. 

In  Massachusetts,  in  the  same  year,  2  men  were  killed 
and  105  injured  in  coupling  cars  :  in  this  case,  so  far  as  a 
comparison  can  be  made,  it  does  not  seem  as  if  much  ad- 
vantage could  be  claimed  for  either  side. 


NEW  PUBLICATIONS. 

Report  of  the   .^oueduct  Commissioner.*  of  New 
York  City  ;  by  the    President,   James   C.    Spencer, 
containing  Reports  of  the  Secretary,  John  C.  Sheehan 
and  of  the  Chief  Engineer,  Benjamin  S.  Church,  giv- 
ing a  Review  of  the  Work  of  the  Aqueduct  Commis- 
sion   to   January   1,    18S7,   including  the    Plans  and 
Work  of  Construction  of  the  new  Croton  Aqueduct 
to  that  date,  and  the  proposed  Dams  and  Reservoirs 
and   other  Appurtenances  of  the  same,  made  in  ac- 
cordance with  the  Resolutions  of  the  Aqueduct  Com- 
missioners. 
This  IS  a  large  quarto  book,  very  elaborately  illustrated 
with  lithographs  and  prints  by  the  Photo-Gravure  Com- 
pany, of  Ne.v  York.     The  report  of  the  President  gives  a 
history  and  brief  description  of  the  development  and  pro- 
gress of  the  great   work.     The  Secretary's  report   gives 
statements   of  the  appropriations  and   the  amounts  ex- 
pended each  year  since  the  inception  of  the  construction 
of  the  Aqueduct,  with  a  list  of  the  officers  and  engineers 
employed  on  the  work. 

The  report  of  the  Chief  Engineer  is  the  most  interest- 
ing and  valuable  portion  of  the  volume.  It  is  accom- 
panied with  elaborate  tables,  profiles  and  diagrams,  giving 
data  concerning  the  water  supply  from  the  Croton  River 
and  the  rainfall  in  its  basin.  There  are  also  a  series  of 
tables  and  diagrams  giving  the  particulars  relating  to  con- 
tracts, progress  of  work,  constructors'  plant,  etc. 
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The  photo-gravures  show  the  various  structures,  both 
permanent  and  temporary,  which  have  been  erected  along 
the  line  of  the  aqueduct  and  illustrations  taken  in  the  in- 
terior of  the  tunnels  with  electric  lights.  There  are  a 
Jarge  number,  between  40  and  50.  of  these  illustrations, 
which  show  the  work  in  its  various  stages  of  progress. 
These  are  followed  by  32  full-page  "  progress  profiles," 
showing  the  rate  at  which  the  work  has  advanced.  Elab- 
orate maps  and  profiles  show  the  location  of  the  aqueduct, 
and  the  various  gate-houses,  arrangement  of  pipes,  over- 
flow structures,  shafts,  sections  of  masonry,  waste  weirs, 
machinery,  instruments  employed,  plans  of  reservoirs, 
dams,  etc.,  are  shown  by  a  series  of  some  60  lithographed 
drawings,  which  are  exquisite  specimens  of  the  drafts- 
man's art. 

Altogether,  the  book  is  a  model  of  its  kind,  the  expense 
of  which  is  justified  by  the  magnitude  of  the  work  en- 
trusted to  the  Commissioners  and  the  Engineers. 


Report  of  the  Proceedings  of  the  Twentieth  An- 
nual Convention  of  the  American   Railway 
Master  Mechanics'  Association. 
This  report  has  been  very  promptly  issued  by  the  Sec- 
retary, and  this  year  contains  211  pages,  about  the  usual 
number.     Its  general  character  does  not  not  differ  mate- 
rially from  the  reports  published  in  previous  years. 


BOOKS   RECEIVED. 

R.  Universita  Romana.  Scuola  d'  Applicazione 
per  c.l'  Ingegneri  :  Annuario  per  l'  Anno  Scola.s- 
Tico  1887-88.  Program.me  11'  Insegnamenio;  Indice 
Generale  della  Bibloteca.  Rome,  Italy;  issued  by 
the  Royal  University. 

Anales  DE  Ingenieria:  Organo  de  la  Sociedad 
COLOMiiiANA  DE  Ingenieros.  Bogota,  Colombia;  is- 
sued by  the  Society.  Manuel  Antonio  Rueda,  Director. 

Ticket  Agents'  and  Travelers'  Railway,  Steam- 
ship and  Steamboat  Guide:  Volume  i,  Nump.er  i. 
September,  1887.  New  York,  51  Park  Place:  Henry  G, 
Marsh.  Editor  and  Proprietor.  This  new  guide  or  man- 
ual is  especially  useful  to  ticket  agents,  but  travelers  will 
also  find  it  of  value.  It  contains  a  great  deal  of  informa- 
tion in  a  compact  form. 

Poor's  Manual  of  the  Railroads  of  the  United 
States:  1887.  New  York;  H.  V.  &  H.  W.  Poor.  This 
is  the  twentieth  annual  issue  of  the  well-known  Manual, 
which  has  come  to  be  accepted  as  a  siandard  work. 

The  Universal  Tinker  and  Amateurs"  Assistant  : 
September,  1887.  New  York:  Hodgson  &  Bertrand. 
This  is  a  new  monthly  journal,  issued  by  the  publishers 
of  the  Builder  and  Woodworker.  Its  purpose  is  well  indi- 
cated by  the  title. 

Annual  Report  of  the  Commissioner  of  Patents  : 
1886.     Washington  ;  Government  Printing  Office. 

Massachusetts  Institute  of  Technology  :  Ab- 
stract OF  Proceedings  ok  the  Society  of  Arts  for 
the  Twenty-fifth  Year.  1886-87.  Boston  ;  issued  by 
the  Institute. 

The  New  Croton  Aoueduct  of  New  York  :  Re- 
ports OF   ihf.  .Aqueduct  Commission.  1883-S7.    New 


York  ;  published  by  the  City.  This  volume  contains  the 
reports  of  President  James  C.  Spencer.  Secretary  John  C. 
Sheehan  and  Chief  Engineer  Benjamin  S.  Church,  and  is 
accompanied  by  a  large  number  of  plates  showing  the 
progress  of  the  work  and  many  interesting  points  in  rela- 
tion to  it. 

American  Railway  Master  Mechanics'  Associa- 
tion :  Proceedings  of  the  Twentieth  Annual 
Convention.  Chicago;  issued  by  the  Association.  This 
report  of  the  convention  held  in  St.  Paul  last  June  ap- 
pears with  commendable  promptness. 


BREAKAGE  OF  WHEELS  AND  TIRES  ON 
BRITISH  RAILROADS. 


The  year  1881  apparently  closed  the  period  when 
breakages  of  tires  were  considered  of  importance  enough 
to  need  investigation,  for  since  that  year  there  have  been 
no  cases  in  which  such  accidents  have  been  specially 
reported  on  to  the  Board  of  Trade  by  its  Inspectors. 

The  total  number  of  accidents  reported  as  occurring 
from  breakages  of  wheels  and  tires  in  the  five  years  from 
1882  to  1 886  was  as  follows  : 

Broken     Br.  .ken     ,.„„, 


1886 866  I  867 

No  persons  were  reported  killed  or  injured  in  any  of 
these  accidents  except  in  one,  in  1882.  when  three 
passengers  were  slightly  hurt.  That  they  were  generally 
of  a  slight  nature  is  further  shown  by  the  fact  that  it  was 
not  considered  necessary  to  enquire  into  any  of  them. 

The  general  remarks  of  the  Board  of  Trade  on  this 
class  of  accidents,  for  the  years  named,  indicate  that  there 
had  been  a  general  improvement  in  the  methods  used  of 
fastening  tires  to  the  wheel-centers,  and  that  to  this  im- 
provement was  due  the  generally  slight  nature  of  these 
accidents.  While  many  cases  of  broken  tires  still  occur, 
there  are  comparatively  few  in  which  the  tire  leaves  the 
wheel  altogether,  as  was  noted  in  many  of  the  earlier 
accidents.  By  far  the  greater  number  of  breakages  were 
under  freight  cars,  where  injury  to  persons  is  not  likely  to 
result;  and  a  large  number  were  merely  slight  breaks, 
which  disqualified  the  tire  for  further  service,  but  did  not 
result  seriously  to  the  train. 

As  in  former  years,  the  breakages  of  wheels,  apart  from 
the  tires,  were  so  few  in  number  as  hardly  to  deserve 
special  mention. 

The  Mineral  Riches  of  the  Caucasus. 

^Froin  the  Revut-  Scientifi<;ue.) 

There  is  hardly  any  portion  of  the  globe  which  is  as 
rich  as  the  Caucasus  in  different  minerals.  In  all  the 
country  known  as  Transcaucasia,  from  the  chain  of  the 
Caucasus  on  the  north  to  the  Persian  frontier  on  the 
south,  and  from  the  Caspian  Sea  on  the  cast  to  the  Black 
Sea  on  the  west,  minerals  and  metals  abound. 

The  government  of  Yelizavelpol  merits  special  mention; 
it  is  one  of  the  richest  provinces  of  ancient  Armenia;  the 
sub-soil  of  whole  districts  consists  of  an  ore  of  copper 
rich  in  metal  (10  to  20  per  cent.)  which  crops  out  in  many 
places.     ( Itlier  valuable  ores  are  also  found,  notably  argen- 
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tiferous  galena  yielding  up  to  17  per  cent,  of  silver  and  60 
per  cent,  of  lead.  There  are  also  deposits  of  iron  ore  — 
principally  magnetic  and  specular  ores — with  70  and  even 
80  per  cent,  of  metal.  Cobalt  is  also  found  there  in  con- 
siderable quantities. 

Iron  ore.  in  various  forms,  is  equally  abundant  in  the 
government  of  Tiflis.  at  Tchatah,  in  the  districts  of  Charo- 
pan  and  Ratcha.  and  at  Batoum,  where  argentiferous 
copper  is  also  found. 

(lold  is  found  in  some  quantities  in  Mingrelia  and  in 
the  bed  of  the  River  Ingour. 

The  oxide  of  manganese  iMnO')  e.xists  in  large  quanti- 
ties in  the  governments  of  Koiitais,  Titlis  and  Yelizavet- 
pol :  at  present  it  is  only  worked  in  the  Valley  of  Kvirilla, 
in  Koutais. 

The  government  of  Erivan  has,  besides  otlier  minerals, 
enormous  deposits  of  rock-salt. 

Sulphur  is  found  in  a  native  state  in  several  places, 
especially  in  Daghestan,  where  it  is  regularly  worked. 

One  of  the  most  valuable  riches  of  the  Caucasus  consists 
in  the  well-known  deposits  of  petroleum  in  the  Apcheron 
peninsula,  near  Baku,  and  northwest  of  the  Koubon 
Range.  There  are  good  reasons  for  believing  that  this 
valuable  product  is  also  to  be  found  in  large  quantities  on 
the  shores  of  the  Black  Sea,  between  Hoti  and  Batoum, 
near  Ozourgeti.  Borings  have  been  in  progress  there 
for  some  time. 

In  other  parts  of  the  country  there  e.xist  deposits  of 
minerals  of  less  importance;  among  these  are  zinc,  anti- 
mony, saltpeter,  soda,  marble,  gypsum,  ochre,  lithographic 
stone,  fire-clay,  ozokerite,  etc. 

For  the  working  of  mineral  deposits  on  a  large  scale, 
two  things  are  necessary:  Cheap  and  abundant  fuel,  and 
facilities  of  transportation. 

The  country  is  traversed  by  the  railroad  from  Batoum 
to  Poti  and  Baku.  The  places  richest  in  minerals  are  at 
a  distance  from  that  line  varying  from  10  to  50  miles. 
There  are  good  roads  reaching  the  railroad  and  numerous 
water-courses  which  might  be  utilized  in  improving  com- 
munications. The  cost  of  wagon  transportation  is  still 
low  in  the  Caucasus,  especially  in  the  eastern  portion  of 
the  country. 

As  to  fuel,  the  western  portion  of  the  Caucasus  is 
heavily  wooded,  the  eastern  section  much  less  so.  Wood, 
however,  is  not  indispensable;  the  country  possesses  a 
valuable  fuel  in  the  refuse  from  the  petroleum  refineries, 
known  as  "  Astatki  "  or  •'  Mazout."  Its  calorific  power  is 
high  and  it  is  easily  transported.  Besides  this,  there  are 
important  deposits  of  coal  in  the  government  of  Koutais, 
at  Tkvibouli.  The  workings  at  that  place  have  just  been 
connected  with  the  railroad  and  will  soon  be  in  a  position 
to  furnish  fuel  advantageously  to  all  the  country.  Labor 
at  the  coal  mines  and  elsewhere  is  now  very  cheap  and 
fairly  reliable. 

In  addition  to  the  advantages  already  mentioned,  is  the 
further  one  of  easy  access  to  the  extensive  market  of 
Russia,  and  also  to  the  markets  of  the  neighboring  coun- 
tries, Turkey  and  Persia. 

While  many  of  these  minerals  have  long  been  known 
to  exist,  the  workings  have  been  only  on  a  small  scale  to 
supply  local  needs:  the  methods  used  have  been  very  rnde 
and  primitive. 

A  beginning  has,  however,  been  made,  and  so  far  with 
success.  The  firm  of  Siemens  has.  for  20  years,  worked 
the  copper  mines  at  Kedabek,  in  the  government  of  Yeli- 
zavetpol.  This  year  a  French  companv  has  bought  the 
silver  mines  at  Achtala,  and  has  commenced  its  workings 
there. 

Very  little  has  been  done  heretofore,  because  the  people 
of  the  country  have  had  neither  the  technical  knowledge, 
the  enterprise,  nor  the  capital  needed  for  operations  on  a 
large  scale.  The  Caucasus  can,  however,  become  the  seat 
of  a  great  industrial  activity,  for  which  it  presents  so  many 
advantages. 

The  great  drawbacks  to  be  encountered  are  the  variety 
of  dialects  spoken  by  the  natives  of  the  country  and  the 
fact  that  they  are  not  accustomed  to  regular  work  ;  and, 
above  all,  the  corruption  and  maladministration  of  the 
Russian  Government  officials.  For  these  difficulties  a 
foreigner  must  be  prepared. 


OBITUARY. 

JosE!>H  S.  S.Ai.isiiiiKV,  who  died  at  Missouri  Valley, 
la..  August  31,  aged  44  years,  was  born  in  Jefferson 
County,  N.  Y.,  but  went  vVest  at  an  early  age.  He  prac- 
tised law  in  Iowa  for  a  time,  but  some  years  ago  settled 
in  Chicago  and  became  Fditor  and  one  of  the  proprietors 
of  tlie  Industrial  U'or/,/.  He  has  conducted  this  paper 
with  much  success.  He  has  been  in  failing  health  for 
some  months  past. 

J.  B.  Clough,  whose  dtalh  at  Helena,  Montana,  August 
23,  was  briefly  noted  last  month,  began  work  as  an  engi- 
neer in  the  capacity  of  an  assistant  in  the  location  of  the 
Mobile  &  Ohio  in  1849.  In  1851,  he  was  on  the  Cleveland 
&  Pittsburgh,  where  he  remained  several  years.  In  i860, 
he  was  Chief  Engineer  of  the  Evansville,  Henderson  & 
Nashville.  In  May,  1861,  he  was  appointed  Constructing 
Engineer  of  the  United  States  military  railroads  in  Vir- 
ginia, and  organized  a  construction  corps,  which  he  com- 
manded until  December,  1864.  when  he  resigned  on  account 
of  ill-health.  At  that  time  he  was  Brevet  Colonel  of 
Volunteers.  In  1867,  lie  resumed  work  and  was  appointed 
Chief  Engineer  of  the  Hastings  &  Dakota  Railroad.  In 
1S69.  he  was  elected  City  Engineer  of  Minneapolis,  and, 
in  1870,  he  became  Chief  Engineer  of  the  Minneapolis  & 
St.  Louis  road  and  remained  in  that  position  for  several 
years.  In  1880,  he  entered  the  service  of  the  Northern 
Pacific  Railroad,  having  charge  of  the  construction  of  the 
bridge  over  the  Missouri  River  at  Bismarck  and  its  ap- 
proaches. For  some  time  past  he  has  had  charge  of  the 
location  and  building  of  branch  lines  in  Montana  for  the 
company. 

Contributions. 


The  Proportions  of  Locomotive  Cylinders. 

To  the  Editor  of  the  Railroad  and  Engineering  Journal  : 
Referring  to  the  article  in  the  September  number  of 
the  Railroad  and  Engineering  Journal,  on  "Pro- 
portions of  Locomotive  Cylinders,"  on  page  414,  you  give 
,  60,000 

V:t:  _ 

136   X   26 


61 


1 6. 1  (or  d).      If  you  try  it  as  it  is  writ- 


/  60,000 
ten,  the  result  is  absurd;  it  should  be       ,    — r —   x   61, 


136 


26 


or  the  square  root  of  the  whole. 

Again,  on  page  415,  try  the  formula  for  weight  as  given 
of  which  I  enclose  a  sample,  and  the  result  is  also  ridicu- 
,/■■  fP  X  0.85   X   S) 


lous. 


rhe  formula  should  be 


W. 


or  else  the  C  should  not  be  taken  as        -  but  4.25.  a  con- 

4.25. 
stant. 

For  years  I  have  maintained  that  engines  have  been, 
and  mostly  are,  over-cylindered,  and  I  am  glad  to  notice 
that  others  are  coming  to  the  same  belief. 

J.  H.  Ames. 

[Note.— In  his  first  e.'fception  our  correspondent  is 
partly  right.  The  radical  sign  i  was  intended  to  cover 
the  whole  fraction,  but  the  printer,  not  being  a  profound 
mathematician,  did  not  make  it  quite  long  or  comprehen- 
sive enough,  and  so  there  is  fairly  a  doubt  as  to  its  cor- 
rectness as  it  stands. 

The  error  in  the  last  formula  must  be  laid  to  the  com- 
mittee which  made  the  report.  As  pointed  out  by  our 
correspondent,  the  value  of  C  should  be  4,  4.25  or  4.5, 
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^,11  I        ^,      ,  rf-xSxPxo.85 

instead  of  ■  -, ,  or The  formula =r 

4     425         4.5-  D 

will  give  the  tractive  power  of  the  cylinders.  Obviously 
the  weight  on  the  drivers  should  be  four  times  the  trac- 
tive power,  if  the  adhesion  is  taken  at  -    the  weight  on 

4 
the  wheels.— Editor  Railroad  and  Engineering  Jour- 
nal.] 

Pillsbury  Flouring  Mills  at  Minneapolis. 

One  of  the  sights  in  Minneapolis  which  most  strangers 
are  taken  to  see  are  the  Pillsbury  flouring  mills.  There 
are  three  of  these.  Mill  A  being  the  largest.  A  card  which 
is  handed  to  visitors  gives  the  following  facts  :  "  Mill  A 
grinds  9,500,000  bushels  of  wheat  yearly,  and  has  a  ca- 
pacity of  7.000  barrels  of  flour  daily.  It  makes  more 
flour  than  any  other  two  mills  on  the  globe,  and  could 
feed  two  cities  as  large  as  New  York." 

It  is  located  on  the  Mississippi  River,  which  furnishes 
the  water  power.     The  water  is  brought  to  the  mill  by  an 


pied  by  heavy  machinery  and  its  appurtenances.  To  a 
person  who  knows  nothing  about  milling  machinery,  ex- 
cepting what  he  learned  in  his  youth,  the  wonderful  va- 
riety and  ingenuity  of  the  machinery  employed  in  one  of 
these  modern  structures  is  quite  a  revelation.  The  pro- 
cesses of  making  flour  and  the  product  have  been  wonder- 
fully improved,  and  a  visitor  can  understand  why  it  is  no 
1  pi^er  possible  for  smaller  mills  to  compete  with  these 
enormous  establishments. 

Methods  of  Securing  Tires  on  the  Wheels. 

The  accompanying  engraving,  (ig.  i,  represents  apian 
largely  used  for  some  time  past  m  Austria,  in  Germany 
and  in  Belgium  ;  the  Southern  Railroad  Company  of 
France  has  applied  it  to  all  the  wheels  used  on  its  passen- 
ger carriages  and  freight  cars.  * 

This  system  consists  of  a  ring  or  circular  key, /I,  of  steel, 
which  is  rolled  or  hammered  in  a  straight  bar  and  cut  off 
to  a  fixed  length,  the  ends  being  cut  at  an  angle  of  45°. 
This  bar  is  then  bent  or  curved,  either  hot  on  a  mandril 


METHODS  OF  SECURING   TIRES  TO   WHt 


arched  tunnel  50  rods  long  and  20  ft.  high  by  16  ft.  wide. 
There  are  two  turbine  wheels,  manufactured  by  the  Still- 
well  &  Bierce  Manufacturing  Company,  of  Dayton,  O.  The 
turbines  are  55  in.  diameter  and  have  52  ft.  head  of  water, 
and  are  each  of  1,200  H.  P.  Besides  the  water  power  the 
mill  has  an  additional  reserve  steam  power,  consisting  of 
a  compound  engine  of  1,600  H.  P..  which  is  supplied  with 
steam  by  ten  steam  boilers.  The  engine  was  made 
by  Edward  P.  Allis  &  Co.,  of  Milwaukee,  and  has  5 
ft.  stroke  with  two  cylinders,  one  60  and  the  other 
32  in.  diameter.  The  fly-wheel  is  24  ft.  diameter  with 
5-ft.  face  and  a  shaft  14  in.  diameter  and  makes  70 
revolutions  per  minute.  The  wheel  weighs  about  30  tons. 
Its  belt  consists  of  three-ply  heavy  leather.  3  ft.  wide,  and 
drives  a  pulley  16  ft.  diameter.  The  steam  power  is  used 
only  in  time  of  low  water,  which  may  occur  either  in  the 
cold  or  the  dry  season  of  the  year. 

The  mill  is  115  ft.  wide,  175  ft.  long  and     20  ft.  high, 
and  is  eight  stories  high.     The  basement  is  chiefly  occu- 


or  cold  on  a  system  of  three  rolls,  and  is  sprung  into  place 
as  soon  as  the  tire  has  been  forced  on  the  wheel-center. 

Both  the  tire  and  the  wheel-center  have  the  e.xact  form 
of  the  inner  side  of  the  ring,  and  the  channel  or  groove 
in  the  tire  is  made  as  shown  by  the  dotted  lines  in  the 
drawing.  As  soon  as  the  tire  has  been  shrunk  on  the  center 
the  lip  B  is  hammered  down,  thus  fixing  the  ring  in  place 
and  preventing  all  displacement.  This  method  of  fixing 
the  tire  gives  absolute  security  in  case  of  breakage,  as  the 
tire  cannot  leave  the  wheel. 

The  second  drawing,  fig.  2,  shows  a  plan  for  securing 
tires  adopted  by  M.  Rodieux,  Chief  Engineer  of  Material 
and  Motive  Power  of  the  Western  Railroad  of  Switzer- 
land at  Yverdon,  and  used  by  several  of  the  Swiss  rail- 
roads. This  system  differs  from  that  shown  m  fig.  i  only 
in  the  more  simple  form  of  the  key,  and  also  of  the  grooves 
in  the  tire  and  in  the  wheel-center  to  which  it  is  applied. 
Chomienne. 

CouzoN,  France,  July  30,  18S7. 
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THE  MILLER  PLATFORM  AND  COUPLER 
PATENTS. 

KCoHtinutd  /roin  page  10:^ 

In  this  arlicle  it  is  proposed  to  deal  with  the  questions 
which  arose  as  to  the  1863  patent  of  Miller.  The  com- 
plainants seemed  to  place  much  stress  upon  this  patent, 
and  especially  upon  the  fourth  claim.  Originally  the  first 
claim  also  of  this  patent  was  pressed,  but  upon  the  hear- 
ing this  claim  was  abandoned  and  no  testimony  regarding 
it  was  offered. 

The  first  claim  was  as  follows  : 

1st.  So  constructing  hooked  head  car-couplings  that  they 
are  adapted  to  receive  links  and  other  forms  of  couplers  and 
form  connections  therewith,  substantially  as  described. 

This  is  effected  in  the  Miller  structure  of  1865  by  bor- 
ing a  vertical  hole  through,  and  by  having  a  horizontal 
slot  in  the  hooked  head.  In  this  way  an  ordinary  link 
and  pin  can  be  used  in  connection  with  the  Miller  me- 
chanism. 

It  seems  evident  that,  after  such  holes  had  been  bored 
and  slots  provided  in  other  forms  of  couplers,  no  inven- 
tion was  required  to  do  the  same  thing  in  the  case  of  the 
Miller  structure.  The  defendants  produced  a  number  rf 
old  patents,  long  prior  to  Miller's  patent  of  1865,  which 
showed  various  forms  of  couplers,  the  arrangements  of 
which  were  such  as  to  greatly  limit  the  scope  of  Miller's 
patent,  and,  according  to  the  views  taken  by  the  defend- 
ants, one  of  these  old  patents  showed  Miller's  invention. 
As  this  claim  was  withdrawn  during  the  trial,  nothing 
more  need  be  said  about  it  here,  especially  as  it  is  not  a 
matter  of  interest  connected  with  the  trials  of  the  case. 

The  fourth  claim  was  the  one  upon  which  stress  was 
placed.     This  claim  reads  as  follows  : 

4th.  Locating  an  elastic  buffer  in  the  end  of  the  buffer-beam 
A,  of  a  platform  which  is  elevated  so  as  to  be  brought  in  a 
horizontal  plane  with  the  bed  of  the  car-body,  substantially  as 
described. 

Both  sides  understood  that  what  was  meant  by  the 
"  end  "  of  the  buffer  beam  A  was  the  center  of  the  beam 
or  the  extreme  end  of  the  platform  longitudinally  of  the 
car. 

The  accompanying  drawings,  taken  from  the  patent  of 
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Fig.  7 

MILLER    PLAlKORiM,    1865. 

Miller,  will  give  an  understanding  of  the  devices  as  shown 
in  the  patent. 

The  first  cut  gives  a  longitudinal  section  of  the  platform 
and  bolster  beam,  showing  also  the  coupler  attached  to 
the  car.  The  second  cut  gives  a  view  of  the  bottom  of 
the  platform  and  bolster  beam,  also  showing  the  coupler. 

Now  it  becomes  interesting  to  see  e.xactly  what  Miller 
said  about  this  elevated  platform  in  his  patent,  and  it  will 
be  found  that  he  said  very  little. 

.•\nother  object  of  my  invention  is  to  provide  for  connecting 
together  each  one  of  a  train  of  cars  in  such  manner  that  the 
lateral  jerking  motion  of  a  train,  and  all  the  unsteadiness  and 
injurious  effects  occasioned  thereby,  will  be  effectually  pre- 
vented, providing  at  the  same  time  for  resisting  the  longitudi- 
nal shocks  occasioned  by  suddenly  starting  and  stopping  a 
train  of  cars,  employing  for  said  purposes  a  contrivance  which 


is  located  in  a  line  with  the  strongest  part  of  a  car-body — viz.: 
the  Mooring  timbers — as  will  be  hereinafter  described.     *     * 

As  my  invention  is  applicable  to  cars  which  are  constructed 
in  the  usual  manner,  I  have  only  represented  in  sheets  i,  figs. 
I,  2  and  3,  the  platform  and  longiiudinal  supporting  beams 
thereof  of  ore  eml  of  a  car.  I  will,  however,  state  that,  in 
order  to  carry  out  one  part  of  my  invention  effectually,  it  is 
desirable  to  have  the  transverse  buffer-biam  A  of  the  platform 
frame  elevated,  so  as  to  bring  it  in  or  nearly  in  a  plane  with 
the  car-bed  or  frame  timbers  o[  the  car-body.  This  will  bring 
the  platform  or  floor  thereof  in  a  horizontal  plane,  or  nearly 
so,  with  the  floor  of  the  car  without  necessarily  elevating  the 

Above  the  coupling  hook  C,  and  extending  longitudinally 
through  the  buffer  beam  A,  and  into  the  framework  of  the 
platform,  is  a  buffer-shank,  D.  which  is  constructed  with  an 
enlarged  head,  D  .  on  one  end  and  a  round  or  cylindrical 
extension,  />'-,  on  the  other  en('. 

It  will  be  seen  out  of  the  matter  quoted  but  one  meager 
sentence  refers  particularly  to  the  elevated  platform.  The 
other  sentences  quoted  referring  to  the  location  of  the 
buflFer,  its  construction  and  arrangement. 

The  first  thing  to  be  noted  is  that  Miller  does  not  claim 
an  elevated  platform  by  itself:  he  only  claims  such  a  plat- 
form when  an  elastic  buffer  is  located  in  the  position 
shown.  When  a  thing  is  not  claimed  in  a  patent  by  itself, 
but  only  in  combination  with  some  other  device,  the 
separate  devices  making  up  the  combination  are  supposed 
to  be  in  and  of  themselves  old  in  the  art. 

Thus  the  inference  from  reading  the  fourth  claim  of  Mill- 
er's patent  is  that  elevated  platforms  were  old,  but  that 
they  had  never  before  his  time  been  combined  with  elastic 


Fig.  8. 

MILLER   PLATFORM,    1 865. 

buffers  located  in  their  ends.  The  complainants  at  the 
trial  made  a  great  point  of  the  benefit  arising  from  the 
use  of  elevated  platforms,  per  se,  which  point  was  ad- 
mitted by  the  defendants.  The  defendants,  however, 
asserted  that  the  elevated  platform  as  used  to-day  was 
not  by  itself  the  invention  of  Miller.  To  prove  this,  the 
defense  put  Mr.  Calvin  A.  Smith  upon  the  stand.  Mr. 
Smith  is  the  Superintendent  of  the  Union  Tank  Line. 
From  or  about  the  year  1854  to  1874.  Mr.  Smith  was  em- 
ployed as  General  Foreman  and  Superintendent  of  the 
Car  Department  of  the  Erie  Railroad.  In  the  year  1862, 
at  the  Erie  shops,  three  cars  were  put  in  the  course  of 
construction,  having  elevated  platforms.  The  Erie  road 
was  a  broad-gauge  road,  the  cars  rocked  a  good  deal  and 
it  was  desired  to  lower  the  car-bodies  as  much  as  possible. 
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To  do  this  and  still  keep  the  draft-line  at  the  then  normal 
height  above  the  rails,  required  that  the  car-bodies  should 
be  lowered  without  lowering  the  couplings.  This  could 
only  be  done  by  elevating  the  platform,  or  rather  keeping 
the  platform  at  its  then  height,  while  the  car-body  was 
lowered. 

The  draw-bar  passed  through  the  center  of  the  bufler- 
beam.  In  this  way.  which  was  substantially  in  accord 
with  modern  practice  so  far  as  the  platform  was  con- 
cerned. Smith  says  he  built  three  cars— one  was  put  in 
use  in  May,  one  in  June  and  the  last  in  September,  1863. 
Miller,  it  is  said,  was  in  and  out  of  the  Erie  shops  at  that 
time,  and  from  the  testimony  it  is  probable  that  he  saw- 
some  or  all  of  the  three  cars. 

No  testimony  was  offered  by  the  complainants  which  it 
is  thought  shook  Mr.  Smith's  evidence.  Mr.  Palmer  R. 
Post  was  put  upon  the  stand  by  the  complainants,  and  he 
swore  that  he  did  not  remember  seeing  the  cars  described 
by  Smith,  though  he  was  connected  with  the  Erie  Rail- 
road at  the  time. 


Fig.  9. 

OLD    GERMAN    CAR. 

The  defendants  next  in  the  order  of  their  defense  put 
in  evidence  a  number  of  patents  showing  platforms  level 
with  the  car-beds  or  sill  timbers.  As  a  matter  of  fact,  it 
appears  that  in  the  early  days  of  railroading  the  platforms 
■were  usually  made  level  with  the  sill  timbers  by  carrying 
the  sill  timbers  out  beyond  the  car-body  and  thus  form- 
ing the  platform.  This  form  of  structure  was  departed 
from  when  the  wheels  were  increased  in  diameter,  the 
car-body  consequently  raised,  while  the  draft-line  was 
kept  at  the  same  height.  This  brought  into  use  the  de- 
pressed platform,  which  finally  gave  way  in  time  to  the 
elevated  platform,  now  used  with  the  more  elevated  draft- 
line. 

The  defense  relied  largely  upon  a  drawing  appearing  in 
an  old  German  publication  entitled  Organ  fiir  Eisenbahn 
Wesen.  Vol.  5,  page  49  This  publication  was  printed 
about  1850.  In  it  is  shown  a  drawing  of  a  car.  The  car 
has  four  longitudinal  timbers  or  sill  beams.  It  has  a 
bolster-beam  and  a  buffer-beam.  There  is  a  coupler  and 
buffer  at  the  center  of  the  buffer-beam.  As  will  be  seen 
from  the  drawings  given,  it  is  impossible  to  tell  therefrom 
whether  the  center  sill  timbers  were  stopped  at  the  bol- 


ster-beam, or  whether  they  were  halved  into  the  beam, 
or  exactly  how  the  parts  were  arranged  in  this  regard. 

However,  this  structure  showed  an  elevated  platform 
exactly  in  line  with  the  sill  timbers  of  the  car.  The 
complainants  said  it  was  not  an  "attached  platform,"  that 
is,  one  which  could  be  taken  off  for  repairs,  but  that  to 
repair  it  would  require  a  rebuilding  practically  of  the 
whole  car-bed.  It  was  suggested  in  answer  to  this  by  the 
defendants  that  the  Miller  drawing  itself  did  not  show- 
how  the  sill  timbers  were  to  run.  the  top  of  the  bolster 
beam  being  as  high  as  the  top  of  the  platform,  and  that 
the  Miller  patent  was  as  blind  as  the  German  draw-ing. 

The  complainants  in  answer  to  this  said  that  the  longi- 
tudinal sill  timbers  of  the  (ierman  car  were  to  be  halved 
into  the  bolster. 

The  third  cut  (fig.  9)  is  a  drawing  of  the  old  German 
car.  Steps  were  used  and  the  platform  was  narrow  to 
allow  of  their  use. 

Referring  to  the  above  drawing,  A  is  the  bolster  beam, 
B  is  the  buffer  beam  and  C  is  the  front  transverse  sill 
beam.  From  the  drawing  it  is  clear  that  the  two  outside 
longitudinal  beams  ran  to  the  beam  C.  that  the  two  center- 
beams  were  stopped  at  the  beam  A.  Now  the  defendants 
insisted  that  the  beams  s- and /"were  halved  into  the  beam 
t,  while  the  complainants  insisted  that  the  beam  C  was 
made  in  three  pieces  and  that,  therefore,  the  structure 
was  a  weak  and  useless  one.  It  is  submitted  that  to  any 
mechanic  the  plain  interpretation  of  the  drawing  is  that 
the  beams  <-./and  T  were  halved  into  each  other. 

The  defendants  next  in  the  order  of  their  defense  showed 
numerous  examples  of  cars  having  buffers  located  in  the 
end  beam  of  the  car-body  as  in  the  case  of  English  cars, 
and  insisted  that  the  question  of  an  "attached  "  platform 
was  immaterial.  The  English  cars  were  all  provided  with 
side  buffers,  but  it  is  to  be  borne  in  mind  that  the  cars  of 
the  Pennsylvania  Railroad  Company  had  no  central  buffer 
through  the  end  beam  of  the  platform  or  buffer-beam. 
The  buffers,  it  is  true,  were  not  separated  in  the  cars  of 
the  Pennsylvania  Railroad  Company  to  as  great  an  extent 
as  in  the  English  cars,  but,  nevertheless,  they  were  not 
central  or  axial  buffers,  and  it  was  merely  a  question  of 
degree  in  this  regard  between  the  English  buffers  and  the 
buffers  of  the  defendant  corporation. 

The  complainants  further  insisted  that  the  buffer  of  the 
1865  patent  must  be  a  buffer  which  sent  the  strain  back- 
w-ard  through  and  in  line  with  the  sill  timbers  of  the  car. 
This  action,  the  defendants  insisted,  could  not  be  obtained 
with  the  defendants'  system,  and,  therefore,  it  did  not  in- 
fringe, as  no  buffing  strain  could  be  imparted  to  the  car 
above  the  pivot  of  the  yoke  lever,  and  the  location  of  this 
pivot  is  some  inches  below-  the  sill  timbers.  This  the  de- 
fendants considered  a  point  of  such  importance  that  in 
itself  it  should  have  been  sufficient  to  win  them  the  case. 
(See  previous  cut  of  Janney  device  in  earlier  number.) 

There  is  nothing  in  the  1S65  patent  of  Miller  which 
confines  the  invention  strictly  to  a  buffer  which  went 
entirely  through  the  buffer-beam,  and  consequently  the 
defendants  insisted  that  the  invention  was  met  by  cars 
having  level  platforms  w-ith  buffers  upon  but  not  through 
the  end  beam. 

The  fourth  cut  (lig.  101  shows  cars  so  constructed. 

The  drawing  is  taken  from  the  patent  of  Peter  Alverson, 
No.  908,  September  8,  1S38,  and  shows  that  it  was  very 
old  to  use  buffers  on  the  buffer-beam  of  a  platform  level 
with  the  car-body. 
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In  this  same  connection  the  patent  of  Turner,  granted 
in  1848,  showed  a  car  having  a  level  platform,  made  by 
extending  the  sill  timbers  of  the  car.  and  having  a  butter 
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AI.VERSON    CAR.    183S. 

in  the  butler  beam.  This  butter  is  just  below  the  sill  tim- 
bers, but.  as  the  Pennsylvania  Railroad  Company  cars 
have  the  point  of  strain  of  the  buffers  below  the  sill  tim- 
bers, this  Turner  patent  was  urged  as  a  good  reference. 

The  fifth  drawing  (tig.  1 1)  is  a  cut  showing  an  end  view 
of  this  car.  The  butters  were  also  to  act  as  coupling  de- 
vices, and  were  likewise  to  put  the  brakes  upon  the  wheels. 

To  these  old  patents  the  complainants  replied  that  in 
each  case  no  "  attached  platform  "  was  shown,  and  that  a 
platform  made  by  the  e.\tension  of  the  longitudinal  tim- 
bers of  the  car  would  not  meet  the  Miller  patent  of  1865, 
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■which  was  limited,  so  the  complainants  said,  to  an  "  at- 
tached platform."  The  Court  in  this  matter,  during  a 
discussion  between  counsel  in  the  absence  of  the  Jury, 
gave  its  views  on  the  subject  of  this  claim.  The  discus- 
sion arose  as  to  how  the  claim  should  be  understood  ; 
complainants  insisting  that  it  was  limited  to  an  elevated 
platform  made  by  attaching  the  timbers  of  the  platform 
to  the  sill  beams,  while  the  defendants  insisted  that  this 
made  no  difference,  and  that  however  the  platform  was 
elevated,  whether  by  attaching  the  beams  to  the  sills  by 
bolting  them  thereto  or  by  carrying  out  the  sill  beams, 
was  of  no  consequence,  and  that  Miller  had  claimed  any 
elevated  platform  with  a  buffer  at  its  center  or  in  its 


"  end,"  as  he  called  it,  independently  of  the  question  how, 
mechanically,  the  platform  was  elevated.  If  the  Court  had 
charged  the  Jury  in  accordance  with  the  complainants' 
view  the  defendants  had  no  anticipation.  If  the  Court 
had  charged  the  Jury  in  accordance  with  the  defendants' 
view,  then  the  old  German  car  was  clearly  an  anticipation 
of  the  claim  of  Miller. 

This  is  what  the  Court  said  in  part : 

I  have  read  the  patent  through,  and  1  confess  I  find  no 
warrant  in  the  patent  itself  lor  saying  that  tliere  is  any  mode 
or  method  of  constructing  elevated  platforms  in  it.  If  it  is  an 
elevated  platform— that  is  in  the  sense  that  it  is  on  a  level  with 
the  car  timbers — it  seems  to  mc  that  is  all  that  is  contemplated 
in  the  claim.  I  do  not  see  tiow  you  can  import  into  that  claim 
any  particular  way  of  getting  that  platform  on  a  level  with  the 
sill  timbers.  One  can  do  it  in  one  way,  and  one  can  do  it  in 
another;  however  he  does  it  he  has  infringed  Mr.  Miller's 
claim.     »     *     *     * 

It  does  not  make  any  difference  how  you  get  your  platforms 
up.     »     *     *     * 

He  (Miller)  could  not  have  intended  to  cover  any  particular 
construction  of  platform  by  that  claim  (the  7M  of  the  i8f)5 
patent)  or  he  would  have  put  it  into  his  claim,  and  not  having 
done  that  the  fact  that  the  drawings  show  it  (a  particular 
method)  does  not  affect  the  question  at  all.     »     *     *     * 

How  can  I  say,  however,  that  he  means  one  kind  of  plat- 
form made  in  a  particular  way.  I  do  not  see  anything  to 
justify  it. 

From  the  above  it  is  clear  that  the  Court,  if  the  case 
had  gone  to  the  Jury,  would  have  given  such  instruction? 
to  them  that  they  would  have  had  to  have  found  that  the 
old  German  car  showed  a  structure  which  met  the  claim. 
This  is  the  only  way  in  which  this  claim  was  passed  upon, 
the  patent  having  finally  been  taken  away  from  the  Jury 
altogether  by  the  Court.  However,  from  the  above  re- 
marks of  the  Judge,  it  is  clear  that  in  his  view,  the  patent 
could  not  have  been  construed  as  for  the  particular  ele- 
vated platform  shown  by  Miller  in  his  drawing,  but  that 
the  claim  was  so  broad  as  to  include  the  earlier  forms  of 
elevated  platforms,  and  the  claim  was  therefore  void. 


The  Use  of  the  Water  Jet  for  Increasing   Adhesion 
in  Locomotives. 

One  of  the  questions  submitted  to  railroad  companies, 
by  the  International  Commission  of  the  Congress  of 
Railroads,  was  as  to  the  question  of  the  use  of  a  jet  of 
water  or  steam  to  increase  the  adhesion  of  locomotive 
wheels. 

The  companies  have  submitted  answers  to  this  question, 
which  are  published  in  the  BtiUetin  of  the  Commission. 
The  Belgian  State  Railroads  report  some  experiments 
made  on  the  Lic'ge  inclines,  and  also  on  the  Hockai  in- 
clines, with  no  very  definite  results. 

The  Eastern  Railroad  of  France  made  a  few  experi- 
ments which  resulted  in  nothing. 

The  Mediterranean  Railroad  of  Italy  submitted  an 
elaborate  report  by  Chevalier  J.  Silvola,  which  informs  us 
that  experiments  were  begun  in  1879  on  the  Pontedecimo 
-Busalla  Line,  which  were  so  successful  that  the  water- 
jet  was  applied  to  35  of  the  eight-coupled  locomotives 
used  on  the  heavy  grades  of  that  line.  This  resulted  in  a 
considerable  saving,  the  expenditure  for  sand  having  been 
20,000  francs  a  year,  while  the  cost  of  the  steam  or  water- 
jet  was  only  about  2,500  francs. 

An  incidental  advantage  was  the  absence  of  the  sand, 
which  at  one  time  proved  a  serious  obstacle  in  the  way  of 
maintaining  good  drainage  in  the  Giovi  Tunnel. 

The  further  opinion  is  advanced  that  while  the  adhesion 
is  not  increased  quite  as  much  by  the  use  of  water  as  of 
sand,  the  water-jet  system  has  the  advantage  in  that  it 
does  not  interpose  any  resistance  to  the  movement  of  the 
train  as  does  the  sand,  more  or  less  of  which  remains  on 
the  rails.  The  engine-drivers  much  prefer  the  water-jet 
system  as  they  say  it  makes  the  train  ligher— that  is,  it 
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draws  more  easily.  It  is  stated  also  that  the  abandon- 
ment of  the  use  of  sand  is  accompanied  by  a  lessening  of 
the  wear  of  rails.  This  result  is  supported  by  numerous 
observations,  and  is  further  corroborated  by  the  observa- 
tions of  M.  Couard  on  the  Sorderettes  Tunnel  of  the 
Paris,  Lyons  &  Mediterranean  Railroad,  and  tliose  of 
M.  Egger  on  the  Swiss  Central  Railroad. 

The  water-jet  system,  it  has  been  said,  will  not  answer 
in  cold  climates,  but  it  has  been  very  successful  on  the 
Swiss  Central  and  the  Gothard  lines,  both  of  which  are 
subject  to  very  low  temperatures.  The  Gothard  Railroad 
has  55  locomotives  fitted  with  the  water-jet.  and 
thoroughly  approves  the  system.  On  this  road,  although 
there  are  long  tunnels  and  steep  grades,  making  the  use 
of  heavy  locomotives  necessary,  the  wear  of  the  rails  has 
been  much  lighter  than  was  expected. 


Total  wheel-base  33  in. 

Boiler,  diameter 27  in. 

length 51  in. 

Fire-box,  cylindrical  : 

Diameter 17  in. 

Length 27^^  in. 

Tubes,  55  in  number  : 

Length.  . 24  in. 

Outside  diameter i  Ji  in. 

Grate  area 1.8  square  ft. 

Heating  surface  ; 

Fire-box 10. g  square  ft. 

Tubes 3,j.5       "       •• 

Total 50.4      "      " 

Extreme  length  of  engine 7  ft.  6  in. 

Extreme  width  of  engine 3  ft.  o  in. 


SHIFTING    LOCOMOTIVE    OF    18 


The  results  so  far  obtained  justify  the  making  of  ex- 
tended experiments  with  the  water-jet  system,  in  the 
opinion  of  the  Commission. 

The  Smallest  Locomotive. 

As  an  example  of  a  very  small  locomotive  we  reproduce 
herewith,  from  Imiustries,  an  engraving  of  a  locomotive 
shown  at  the  Manchester  (England)  Jubilee  Exposition, 
by  Messrs.  Beyer,  Peacock  &  Co.  The  engine  is  intended 
for  switching  and  moving  material  through  shops  and 
yards,  and  several  of  this  class  are  in  use  in  the  works 
of  the  firm  at  Gorton,  Manchester.  Several  have  also 
been  built  for  use  in  the  Lancashire  &  Yorkshire  Railway 
shops  at  Horwich. 

The  leading  dimensions  of  this  engine  are  as  follows  : 

Gauge 18  In. 

Cylinders,  diameter  and  stroke 5  X  6  in. 

Number  of  wheels,  4  ;  diameter 16'.  in. 


.\s  will  be  seen  from  the  engraving,  the  cylinders  are 
placed  outside.  The  boiler  is  a  plain  cylinder  in  form, 
the  fire-box  being  also  cylindrical. 

The  tank  carries  25  gallons  of  water.  The  total  weight 
in  full  working  order  is  3,'4'  tons. 


Steel  Scale  Produced  by  Skidding  Railroad  Wheels. 

I  G,  Biitish  Inslilulion,  bv    Icremiah  Head. 
1    

Where  a  heavy  gradient  or  incline  occurs  upon  a  rail- 
way, necessitating  the  fre(iuent  and  severe  use  of  brakes 
to  prevent  loo  rapid  descents,  pieces  of  metal  of  a  pecu- 
liar form,  resembling  the  leaves  of  ferns,  have  frequently 
been  found  alongside  the  rails.  A  close  examination  of 
the  specimens  will  satisfy  the  observer :  (i)That,  though 
differing  in  size  and  color,  they  have  all  the  same  origin 
and  the  same  cause.  (2)  That  being  found  on  steep  in- 
clines only,  they  are  probably  due  in  some  way  to  the 
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—as  will  heroafcer  be  shown— of  steel,  they  must  h:ivc 
come  from  the  tires  or  rails  and  not  from  the  brake  blocks. 
(4)  That  in  assuming  their  present  form  they  have  under- 
gone considerable  pressure,  and  at  a  temperature  higher 
than  ordinary. 

It  is  the  purpose  of  the  present  paper  to  consider  and 
determine,  if  possible,  how  these  specimens  have  been 
produced,  and  how  far  their  existence  has  significance, 
either  practically,  as  an  element  of  destruction  or  danger 
on  railways,  or  scientifically,  as  indicating  what  may  hap- 
pen when  the  pawer  of  metals  to  resist  pressure  or  abra- 
sion has  been  exceeded.  By  favor  of  Sir  Lowthian  Bell, 
who  has  taken  an  interest  in  the  matter.  1  have  obtained 
from  Mr.  R.  Routledge,  Chemical  .Analyst  at  the  North- 
eastern Railway  laboratory,  (lateshead,  an  analysis  of 
some  of -the  specimens.  He  found  them  to  contain  the 
elements — see  column  No.  i — in  the  following  table: 


ment           ^ires.                      Rails 

Gceatest 
lance  to 

Column  No. 

3     4     5 

^^from. 

.05      .045       .03 
.09      .062       .04 
.63      .486       .35 
•33      •274          04 

.52!      .3901        .80 

^,_8^2,_-_ 

6 
•  07 

7 
age. 

■  475 
■07 
.90 

98.435 
100.00 

8 

Phosphorus    . 

Carbon.'.'.'.'.'.;' 

Silicon 

ManBanese... 

JZ:::::::z. 

Total 

from 

(PI         .06       .04 
(S)          .07,       .0. 

('sS!     :S    M 

.   (Mn)  1       .n        .2, 

Rails. 
Tires. 
Rails. 
Rails. 

Ra"ns. 

Mr.  Routledge  has  also  been  good  enough  to  give   me 


collected  specimens  of  the  abraded  iron  and  steel  cut- 
tings, which  had  evidently  been  caused  by  skidding  of 
wheels  while  passing  over  curves  on  falling  gradients..  At 
that  lime  we  came  to  the  conclusion  that  these  cuttings 
came  from  the  tires  of  goods  brake  vans,  while  going  down 
inclines  with  the  brake  fully  on.  The  goods  guards  have 
brake  vans  weighing  10  tons,  and  have  the  power  by  their 
own  brakes  to  skid  the  wheels  should  they  find  it  neces- 
sary. The  specimens  consisted  of  both  iron  and  steel, 
and  might  come  from  either  rail  or  tire;  but  I  am  in- 
clined to  the  opinion  that,  except  in  case  of  worn  rails, 
they  for  the  most  part  come  from  the  tires.  They  are.  in 
my  opinion,  torn  oil  when  the  wheels  are  skidded,  and 
while  passing  round  sharp  curves  when  the  rails  are  some- 
what worn.  With  continuous  brakes,  we  do  not  skid  the 
wheels,  except  when  the  drivers  keep  the  full  power  on 
to  the  end  of  the  stop,  and  then  they  .-nay  skid,  just  before 
the  train  is  brought  to  a  stand  only.  We  find  that  tires 
which  frequently  pass  over  inclines  wear  out  only  in  pro- 
portion to  the  duration  of  time  the  brake  is  applied,  and 
to  the  number  of  such  applications  of  the  brake.  During 
the  applications  of  the  brake,  more  especially  if  the  wheels 
are  skidded,  sharp  curves  and  crossings  are  greater  fac- 
tors in  the  destruction  of  tires  than  inclines  where  brakes 
are  applied  without  skidding.  Tires  wear  into  flat  places, 
indicating  skidding,  but  only  in  the  case  of  guards'  brake 
vans  and  of  wagon  tires  when  spragged,  and  which  work 
frequently  over  inclines  where  spragging  is  necessary." 

The  opinions  I  have  quoted,  although,  perhaps,  not  in 
all  cases  very  decided,  seem  to  incline  to  the  belief  that 
the  specimens  have  been  torn  from  the  //'/vf  rather  than 
from  the  >-ii//s.  Mr.  Routledge,  however,  whose  opinion 
I  invited,  takes  a  somewhat  different  view.  He  thinks 
that  they  come  from  the  ra//s  and  no/  from  the  it'rfs. 


STEEL   SCALE   PRODUCED    BY    SKIDDING    RAILROAD   WHEELS. 


typical  analysis  of  tires  and  rails  at  present  in  use  on  the 
Northeastern  Railway — see  columns  Nos.  2  to  7  inclusive. 

The  railway  official  who — as  far  as  I  know — first  called 
attention  to  the  pieces  on  the  line,  and  who  studied  them 
at  the  time  and  place  of  formation,  says  :  "  I  beg  to  state 
that  the  pieces  of  iron  found  near  the  rails  leave  the 
wheels  whilst  the  train  is  in  motion,  and  the  wheels  are 
skidding.  Therefore,  you  will  perceive  it  would  be  diffi- 
cult to  determine  which  wheels  they  come  off."  Again, 
he  describes  them  as  "  pieces  of  iron,  picked  up  on  the  in- 
cline, that  have  left  the  wneete  by  abrasion  with  the  rail." 

Mr.  Charles  Markham,  of  Staveley,  to  whom  1  am  in- 
debted for  information  and  assistance,  says  :  "  I  am  cer- 
tainly under  the  impression  that  the  pieces  are  rubbed  off 
the  tires,  but  the  matter  has  not  been,  as  far  as  I  know, 
investigated  by  any  competent  authority.  My  attention 
was  drawn  to  the  subject  some  four  or  five  years  ago,  in 
consequence  of  a  signalman  having  collected  a  number  of 
specimens  in  his  box,  at  the  foot  of  an  incline.  For  many 
years  I  had  a  good  deal  to  do  with  the  working  of  the 
Likey  incline,  near  Bromsgrove.  This  appeared  to  me  a 
place  where  there  would  be  plenty  of  them.  1  believe 
that  wherever  there  are  inclined  planes,  and  brakes  are 
used,  similar  specimens  could  be  obtained." 

One  of  our  most  experienced  locomotive  superintend- 
ents, whose  opinion  I  asked  upon  these  specimens,  has 
kindly  given  it  as  follows  ;     He  says,  "  Some  years  ago  1 


An  examination  of  column  No.  8,  which  shows  whether 
the  proportion  of  each  element  found  in  the  specimens 
inclines  most  toward  what  is  usual  in  rails  or  in  tires, 
favors  this  view.  It  will  be  seen  that  in  every  case  except 
that  of  the  carbon,  where  the  difterence  is  very  slight,  the 
analysis  agrees  most  nearly  with  that  of  rails.  As  com- 
pared with  rails,  the  tires  analyzed  seem  to  be  character- 
ized by  high  silicon  and  low  manganese,  which  is  not  the 
case  with  the  specimens.  The  presence  of  a  small  quan- 
tity of  tin  is  somewhat  remarkable  ;  but  Mr.  Routledge 
informs  me  that  that  element  occasionally  occurs  in  pig- 
iron. 

Inasmuch,  however,  as  the  blows  or  charges  of  steel  are 
often  run  indiscriminately  into  ingots  for  rails  or  for  tires, 
and,  as  it  cannot  be  stated  certainly  what  was  the  compo- 
sition of  the  identical  tires  and  rails  concerned  in  forming 
the  specimens  analyzed,  it  is  scarcely  prudent  to  found 
any  strong  argument  upon  these  analyses. 

Such  shavings  as  these,  rubbed  off  from  the  surface  of 
tires  or  of  rails  whenever  a  wheel  is  skidded,  indicate, 
for  the  time  being,  very  rapid  destruction. 

The  lesson  taught,  or  rather  re-taught  (for  it  has  often 
been  inculcated  before),  is  that  wheels  should  nrver  be 
skidded.  But,  on  the  other  hand,  trains,  whether  passen- 
ger, goods  or  mineral,  should  always  be  retarded  by  brak- 
ing a  suflicient  number  of  wheels  to  effect  the  desired  ob 
ject  with  a  pressure  somewhat  short  of  skidding.      Skid- 
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ding  wheels  is  indeed  a  barbarous  and  ineffectual  at- 
tempt at  retardation,  whilst  it  is  a  most  effectual  cause 
of  disintegration. 

The  specimens  looked  at  from  a  scientific  point  of  view, 
are  interesting.  Their  color  indicates  that  they  have  been 
formed  at  a  high  temperature,  as  they  have  clearly  all 
been  originally  coated  with  magnetic  oxide — Fea  O,.  The 
comparatively  large  body  of  metal  forming  the  rail,  and 
its  continual  presentation  of  new  surfaces  during  skid- 
ding, make  it  improbable  that  it  could  have  reached  any 
high  temperature  ;  whereas  skidded  wheels  might  easily 
present  the  same  surface  long  enough  to  accumulate  heat 
locally  to  a  greater  extent  than  could  he,/>iir/  passu,  dis- 
sipated by  conduction. 

Thi-  multitude  of  folds  which  appear  in  all  the  speci- 
mens, and  the  tendency  to  spread  into  various  forms, 
seem  to  indicate  that  under  the  pressure  to  which  they 
have  been  subjected  the  metal  has  "  flowed  "  with  great 
freedom. 

Reviewing  the  evidence  obtained  so  far,  the  writer  in- 
clines to  accept  the  following  conclusions,  viz.:  (i)  That 
the  pieces  have  come  from  the  tires  of  skidded  wheels, 
and  not  from  the  rails  ;  (2)  that  they  were  produced  at  a 
sufficiently  high  temperature  for  the  formation  of  mag- 
netic oxide,  /.  ,-.,  at  a  red  heat ;  (3)  that  they  were  forced 
out  from  behind  the  skidded  wheels— the  folds  being  on 
the  under  side— until  from  their  accumulated  length  and 
weight  they  fell  off:  14)  that  the  only  way  to  avoid  the 
destructive  action  which  they  indicate  is  to  brake  more 
wheels  to  an  e.xtent  short  of  skidding. 


Car-Heating  in   Massachusetts. 

The  Railroad  Commissioners  of  Massachusetts  have 
issued  a  circular  to  the  railroad  companies  of  the  State,  in 
relation  to  car-heating,  which  is  as  follows; 

Chapter  362  of  the  Acts  of  the  present  year  is  as  fol- 
lows : 

Section  i.  No  passenger,  mail  or  baggage  car  on  any  rail- 
road in  this  Commonwealth  shall  be  heated  by  any  method  of 
heating,  or  by  any  furnace  or  heater,  unless  such  method  or  the 
use  of  such  furnace  or  heater  shall  first  have  been  approved  in 
writing  by  the  Board  of  Railroad  Commissioners;  provided, 
however,  that  in  no  event  shall  a  common  stove  be  allowed  in 
any  such  car  :  and  provided  also,  that  any  railroad  corporation 
may,  with  the  permission  of  said  Board,  make  such  experi- 
ments in  their  passenger  cars  as  said  Board  may  deem  proper. 

Section  2.  Any  railroad  corporation  violating  any  of  the 
provisions  of  the  preceding  section  shall  forfeit  a  sum  not  e.\- 
ce:ding  $500. 

Section  3.     This  Act  shall  take  effect  upon  its  passage. 

This  Act  became  a  law  on  the  6th  day  of  June  last,  and, 
on  the  25th  day  of  June,  this  Board  issued  a  circular  to 
the  railroads  asking  for  a  statement  as  10  their  respecti\e 
outfits  for  heating  cars.  These  statements  were  furnished 
as  promptly  as  could  have  been  expected,  and  yet  more 
tlian  a  month  elapsed  before  full  returns  from  the  roads 
were  received. 

In  the  summer  time  it  is  impossible  to  make  satisfac- 
tory practical  tests  of  heating  apparatus,  and  yet  it  is 
necessary  for  the  Board,  without  delay,  to  approve  in 
writing  of  some  methods  of  heating,  of  some  furnaces  or 
heaters,  so  that  the  corporations  may  not  be  obliged  to 
choose  between  heating  the  cars  illegally  and  suffering 
tliem   to  go  unhealed. 

An  examination  made  last  winter  of  the  practical  work- 
ing of  the  Emerson.  Martin  and  Sewell  systems  satisfied 
the  Hoard  that  the  use  of  steam  from  the  locomotive  prom- 
ises better  results  in  the  four  great  elements,  of  safety, 
cgmfort.  simplicity  and  economy,  than  any  other  device 
known,  and  the  Board  hereby  approves  of  the  method  of 
heating  cars  by  steam  from  the  locomotive  at  low-pres- 
sure, and  recommends  that  each  railroad  should  at  once 
prepare  to  make  practical  tests  of  the  system  during  the 
coming  winter. 

While,  however,  the  results  already  obtained  by  the 
various  inventors  using  this  system  are  remarkably  satis- 
factory, and  while  the  Board  believes  that  this  system 
will   eventually   largely    supersede   the    use   of   separate 


heaters,  it  nevertheless  realizes  that  further  improve- 
ments are  probable,  and  that  difficulties,  especiallv  with 
reference  to  local  trains,  arc  still  unsolved.  It  is  worthy 
of  note  in  this  connection  that  the  President  of  the  Con- 
necticut River  Railroad,  in  response  to  the  above  men- 
tioned circular  of  this  Board,  dated  June  25th,  states  that : 

Seventeen  of  our  cars  are  heated  by  the  Emerson  Car-Heat- 
ing System,  and  are  used  only  on  our  local  trains.  »  *  * 
This  system  we  have  found  to  be  very  simple  in  its  construc- 
tion and  management,  and  less  expensive  than  heating  cars 
by  stoves. 

The  importance  of  securing  uniformity  of  steam-pipe 
couplings  and  of  providing  in  many  cases  for  the  heating 
of  a  car  when  not  attached  to  a  locomotive  are  obvious. 

The  separate  heater  cannot,  at  present,  be  wholly  dis- 
pensed with,  nor  would  it  be  possible  for  the  railroads  to 
make  so  radical  a  change  before  cold  weather  sets  in. 
The  cars  must  be  heated.  The  chill  of  the  unhealed  car 
would  probably  kill  more  people  than  the  flames  from 
broken  heaters.  Death  would  ensue  not  so  suddenly  but 
none  the  less  surely. 

Chapter  54  of  the  Acts  of  the  year  1S82  reads  as  fol- 
lows : 

Every  drawing-room  or  sleeping  car,  passenger,  baggage, 
mail  and  express  car,  owned  or  regularly  used  on  any  railroad 
in  this  Commonwealth,  in  which  heating  apparatus  may  be 
placed,  shall  be  provided  with  such  safeguards  for  protection 
against  lire  as  may  be  approved  in  writing  by  the  Board  of 
Railroad  Commissioners.  Any  corporation  violating  the  pro- 
visions of  this  section  shall  forfeit  for  each  offense  $300. 
The  provisions  of  this  section  shall  take  effect  the  first  dav  of 
November,  1SS2. 

Since  the  passage  of  the  foregoing  act  the  use  of  heat- 
ing apparatus  not  provided  with  safeguards  approved  by 
the  Board  in  writing  has  been  illegal.  From  time  to  time, 
during  the  past  five  years,  applications  for  such  approval 
have  Ijeen  made,  and  in  some  cases  they  have  been  granted 
and  in  others  refused.  The  Board  does  not  withdraw 
thfe  approvals  heretofore  granted  under  the  Act  of  1882 
aforesaid,  and  hereby,  for  the  present,  renews  such  ap- 
provals, provided,  however,  that  in  no  event  shall  a  com- 
mon stove  be  allowed  in  any  passenger,  mail  or  baggage 
car,  the  use  of  such  stoves  being  expressly  prohibited  by 
tlv2  aforesaid  Act  of  the  present  year. 

In  selecting  heating  apparatus  to  take  the  place  of  the 
"common  stove."  the  Board  recommends  the  adoption 
of  the  system  of  heating  by  steam  from  the  locomotive, 
or  at  least  of  such  approved  heating  apparatus  as  can  be 
used  in  connection  with  or  readily  converted  into  such 
system. 

ACCIDENTS  ON    BRITISH   RAILROADS. 

The  number  of  accidents  reported  on  British  railroads  in 
the  year  18S6,  as  given  in  the  Board  of  Trade  returns,  was 
given  in  the  Journal  for  July,  page  309 ;  briefly  repealed, 
that  statement  gave  a  total  of  1 19  collisions,  1,772  derail- 
ments and  25  other  accidents,  or  1,916  accidents  in  all. 
The  fuller  report,  which  has  now  appeared,  shows  that  of 
these  accidents  62  in  all  have  been  inquired  into  or  in- 
vestigated by  the  Inspectors  of  the  Board. 

The  remarks  of  the  Railway  Department  of  the  Board 
on  the  results  of  these  investigations  are  as  follows : 

I.— Defects  of  I'eriiia/ient  Way:  Seven  investigated  ac- 
cidents occurred  in  this  class,  resulting  in  the  death  of  6 
passengers  and  injury  to  37  passengers  and  4  ser\ants  of 
companies.  One  of  the  accidents  was  attributed  to  the 
want  of  proper  super-elevation  of  the  rail  at  the  junction 
of  a  left-hand  with  a  right-hand  curve  ;  one  to  distortion 
of  the  rails  in  a  curve  by  excessive  sun  heat,  combinf  d 
with  the  want  of  proper  expansion  intervals  between  the 
rail-joints,  to  an  insufficiently  ballasted  road  and  to  a 
speed  too  high  for  the  condition  of  the  road  :  two  to  ob- 
structions getting  upon  the  rails:  one  to  the  line  not 
being  properly  ballasted  ;  and  one  to  the  failure  of  a 
driver  of  a  train  to  observe  the  signal  given  him  by  the 
plate-layers  at  work  relaying  the  track.     In  one  case,  had 
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there  been  an  automatic  brake  on  the  train,  the  Knard 
might  have  applied  it  and  stopped  the  train  in  time  to 
have  prevented  the  accident ;  another  accident  was  in 
some  measure  attributed  to  goods-wagons  being  placed 
in  front  of  passenger-carriages  in  a  mixed  train. 

2.— Defects  of  Equipment :  Under  this  head  8  accidents 
were  investigated,  resulting  in  injury  to  116  passengers 
and  4  servants  of  companies.  One  of  the  accidents  was 
due  to  the  breaking  of  the  stay-rod  of  a  van  ;  one  to  the 
worn  condition  of  the  flange  of  a  wheel  under  a  wagon  in 
a  mi.xed  train  ;  two  to  the  fracture  of  the  a.xle  of  a  wagon 
in  a  mixed  train  ;  one  to  oscillation  of  a  van  of  a  mi.xed 
train,  due  to  the  brasses  not  being  of  the  best  shape  ;  one 
to  the  defective  state  of  a  wagon  ;  and  one  to  the  frac- 
ture of  the  draw-bar  of  a  wagon  of  a  goods  tram. 

,■>  — Trains  Entering  Stations  at  too  Great  Speed :  Un- 
der this  head  4  accidents  were  inquired  into,  by  which  1  5 
passengers  and  one  servant  of  a  company  were  injured. 
These  four  accidents  were  in  each  case  due  to  the  want  of 
care  of  the  driver.  In  two  of  these  the  driver  might  have 
stopped  in  time,  had  there  been  a  continuous  brake  upon 
the  train:  in  another,  had  the  engine  as  well  as  the  train 
been  fitted  with  continuous-brake  apparatus,  the  accident 
might  have  been  avoided. 

4.— Collisions  at  Junctions  :  Under  this  head  10  col- 
lisions were  inquired  into,  by  which  41  passengers  and  13 
company's  servants  were  injured.  Three  of  the  collisions 
were  due  to  the  fault  of  signalmen  ;  six  were  due  to  the 
engine-drivers  not  keeping  a  good  look  out  for  the  sig- 
nal ;  one  was  due  to  the  mistake  of  a  brakeman.  In  three 
instances  the  collisions  were  due  to  the  want  of  block 
working,  or  to  a  defective  system  of  block  working;  and 
in  four  instances  the  collisions  might  have  been  prevented 
had  there  been  a  good  continuous  brake  upon  the  train. 

j.— Collisions  within  Fixed  Signals  at  Stations  :  Under 
this  head  25  collisions  were  inquired  into,  by  which  2  pas- 
sengers and  I  servant  of  a  company  were  killed,  and  256 
passengers  and  30  servants  were  injured.  Of  these  col- 
lisions the  principal  causes  may  be  summarized  as  follows  : 
Eight  were  mainly  due  to  mistakes  of  signalmen  in  block 
working,  arising  from  forgetfulness  or  want  of  care  ;  two 
were  due  to  the  combined  mistakes  of  signalmen  and 
engine-drivers  :  si.x  were  mainly  due  to  want  of  care  on 
the  part  of  engine-drivers  in  running  their  trains  at  too 
high  a  rate  of  speed,  not  having  them  under  proper  con- 
trol, or  not  keeping  a  proper  look  out  for  signals.  Some 
of  these  collisions  occurred  under  very  trying  circum- 
stances, in  densely  foggy  weather  or  during  snowstorms, 
which  led  to  the  breaking  down  of  the  telegraph  wires 
and  the  suspension  of  block  working.  One  serious  col- 
lision was  due  to  the  bursting  of  a  brake  tube  ;  one  was 
due  to  the  freezing  of  water  in  the  vacuum  brake  pipes. 
In  four  instances  had  the  trains  been  fitted  with  contin- 
uous brakes  the  collisions  might  have  been  avoided  ;  in 
one  instance  the  automatic  action  of  the  continuous  brake 
was  valuable  in  mitigating  the  effect  of  the  collision  ;  and 
in  another  the  superiority  of  an  automatic  brake  over  a 
non-automatic  brake  was  shown. 

0. — Butting  Collisions:  Under  this  head  one  accident 
was  inquired  into,  by  which  I  servant  of  a  company  was 
killed  and  5  hurt. 

y.— Accidents  in  consequence  of  Engines  or  Trains  being 
iu)  onglv  turned  into  Sidings  or  other-wise  through  Facing 
Points':  Under  this  head  4  accidents  were  inquired  into, 
by  which  4  passengers  were  injured.  Two  of  them  were 
due  to  an  accumulation  of  snow  preventing  the  points 
from  being  accurately  closed.  One  was  due  to  the  mis- 
take of  a  signalman,  lowering  the  wrong  signal  for  the 
train  to  proceed  ;  and  one  was  due  to  a  breach  of  the 
rules  for  block  working. 

S. — Accidents  on  Inclines:  Under  this  head  three  ac- 
cidents were  inquired  into,  by  which  29  passengers  and 
2  of  the  companies' servants  were  injured.  Two  accidents 
were  due  to  the  want  of  caution  in  coupling  operations 
on  steep  gradients  and  the  want  of  sufficient  brake  power 
on  the  carriages;  one  was  due  to  the  wagons  of  a  mixed 
train  becoming  uncoupled  on  an  incline. 

g.^Accidents  to  Servants  of  Railway  Companies  Gen- 
erally:  There  were  23  railway  servants  killed  and  301 
injured  whilst  employed   in  coupling  and  uncoupling  of 


vehicles  ;  96  were  killed  and  867  injured  whilst  employed 
in  various  shunting  operations  ;  i8  were  killed  and  54  in- 
jured by  being  caught  between  vehicles  ;  10  were  killed 
and  24  injured  by  falling  between  the  train  and  platform  ; 
87  were  killed  and  1 18  injured  whilst  working  on  the  per- 
manent way  and  sidings  ;  and  81  were  killed  and  ill  in- 
jured whilst  walking,  crossing  or  standing  on  the  line  on 
duty. 

/o.— Accidents  to  Other  /'.rsons:  The  accidents  to  per- 
sons passing  over  railways  at  level  crossings  show  a  se- 
rious increase,  the  numbers  being  Si  killed  and  23  in- 
jured, against  58  killed  and  21  injured  in  1885.  The  number 
of  trespassers  were,  however,  only  205  killed  and  91  injured, 
against  2  jo  killed  and  126  injured  in  1885.  The  number 
of  suicides  were  80,  against  55  of  1885.  Accidents  to 
trespassers  and  to  persons  crossing  the  railways  at  level 
crossings  still  continue  to  be  quite  as  large  as  in  former 
years,  and  though,  no  doubt,  they  are  principally  due  to 
the  want  of  caution  on  the  part  of  the  persons  themselves, 
11  is  a  question  whether,  if  belter  gates  and  fences  were 
provided  and  more  stringent  rules  enforced,  so  great  a 
loss  of  life  need  occur. 

ABSOLUTE    HLOCK   AND    INTERLOCKING    SVS  lE.VIS. 

The  amount  of  progress  that  has  been  made  in  the 
adoption  of  these  systems  may  be  found  in  the  returns 
annually  presented  to  Parliament.  The  proportion  in 
which  the  signal  and  point  levers  had  been  interlocked 
on  railways  was  92  per  cent,  in  England,  79  per  cent,  in 
Scotland.  52  per  cent,  in  Ireland  and  88  per  cent,  for  the 
United  Kingdom,  being  an  increase  of  i  per  cent,  during 
the  year.  The  amount  both  of  interlocking  and  block 
working  on  some  railways  in  England  and  Scotland  is, 
however,  still  short  of  what  is  necessary  for  safe  working  ; 
whilst  in  Ireland  it  may  be  said  that  the  progress  made  is 
far  from  satisfactory.  It  appears  that  since  1873,  when 
6.217  miles  out  of  16,082  miles  then  open  were  so  worked, 
the  block  system  has  been  largely  extended,  and  that  at 
the  end  of  1886  this  system  had  been  adopted  on  14,639 
miles  out  of  18,339  miles  open  for  trafiic.  The  progress 
made  in  England,  Scotland  and  Ireland  is  as  follows  :  In 
England  and  Wales,  at  the  end  of  18S6,  out  of  12,946  miles 
of  double  and  single  lines  open,  1 1.866  miles  were  worked 
upon  the  block  system.  In  Scotland,  out  of  2,786  miles 
of  double  and  single  lines  open,  2,249  miles  were  so 
worked.  In  Ireland,  out  of  2,607  miles  of  double  and 
single  lines  open,  524  miles  were  so  worked.  The  pro- 
portion of  double  and  single  lines  worked  on  the  block 
system  being  91  per  cent,  in  England.  80  percent,  in  Scot- 
land, and  20  per  cent,  in  Ireland.  The  proportion  of 
double  lines,  apart  from  single  lines,  worked  on  the  block 
system  was  97  per  cent,  in  England  and  Wales,  97 ><  per 
cent,  in  Scotland  and  29>4  percent,  in  Ireland;  the  total 
for  the  United  Kingdom  being  93  per  cent. 

GENERAL   OBSERVATIONS. 

The  brake  return  laid  before  Parliament  for  the  half- 
year  ended  December  30,  1886,  shows  a  slight  increase  in 
the  number  of  vehicles  fitted  with  brakes  complying  with 
some  or  all  of  the  conditions  laid  down  in  the  circular  of 
this  department.  The  experience  of  the  year  under  con- 
sideration adds  to  the  e\idence  adducible  in  favor  of  a 
quickly  acting  continuous  and  automatic  brake.  The  at- 
tention of  the  Board  of  Trade  continues  to  be  directed  to 
the  means  employable  for  preventing  accidents,  not  only 
to  passengers  but  to  the  servants  of  companies.  By  the 
courtesy  of  the  railway  companies,  an  opportunity  was 
given  to  the  chief  officers  of  the  department  of  seeing 
most  of  the  methods  suggested  with  the  view  of  facili- 
tating the  coupling  and  uncoupling  of  vehicles.  On  the 
whole  the  information  given  in  this  report  shows  that  the 
working  of  the  railways  during  the  year  1886  bears  a  fair 
comparison  with  that  of  the  preceding  year.  The  com- 
parative tables  also  show  that  the  number  of  the  inquiries 
in  each  of  the  last  two  years  were  fully  40  per  cent,  less 
than  in  the  seven  preceding  years,  and  very  much  less 
than  in  several  years  preceding  ihat  period,  when  the 
traffic  on  railways  and  the  length  of  railway  open  had  not 
reached  anything  like  the  present  amount.  There  has 
been  no  relaxation  during  the  past  year  in  the  progress 
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made  for  rendering  railway  working  more  safe  by  the  ex- 
tension of  interlocking  and  absolute  block  systems  over 
a  larger  railway  mileage.  The  extension  of  these 
improvements,  which  is  made  from  year  to  year,  as 
well  as  the  re-arrangement  of  stations,  the  height- 
ening of  platforms,  the  provision  of  foot  bridges  and 
subways,  and  of  continuous  footboards  to  carriages, 
all  of  which  matters  have  met  with  considerable  attention 
from  the  railway  companies,  will  tend  to  lessen  the  num- 
ber of  accidents  and  add  to  the  safety  of  the  traveling 
public. 


A  FRENCH  TRAVELING  CRANE. 

The  accompanying  engravings  show  a  traveling  crane 
of  50  ft.  span  and  a  lifting  capacity  of  3  tons,  which  is  m 
use  in  the  boiler  shop  of  the  Paris.  Lyons  &  Mediterranean 
Railroad  at  Oullens.  France. 

These  cranes  are  worked  by  the  shop  engine  by  means 
of  a  fly-rope. 

The  same  rope  governs  the  four  cranes  of  the  central 
nave,  one  of  which  is  of  20  tons  power,  the  others  being 
of  3  tons  each.  The  engraving  represents  a  crane  of  3 
tons  power.  It  must  be  remembered,  however,  that  the 
dimensions  of  the  rope  by  which  it  is  worked,  and  of 
which  we  are  about  to  give  some  details,  have  been  cal- 
culated in  regard  to  the  20-ton  crane.  This  rope  is  of 
8tton:'it  is  1   in.  in  diameter,  of  three  twists,  without 


sockets.  Taking  the  lineal  speed  of  the  cable  to  be  20  m. 
per  second,  as  mdicated,  it  has  been  calculated  that  the 
following  speeds  per  minute  arc  obtained  for  the  divers 
movements  of  the  crane  : 

Cranes  of       Cranes  of 

Speed  in  raising  a  weight o  m.  610  8  m.  c«,o 

Speed  in  transporiin&r  a  weight 901.500  901.220 

bpced  in  transporting  the  crane  from  one  end  of 

the  factory  to  the  other 8  m.  965  9  m.  105 

Describtion  of  traveling  crane.— It^^  frame  is  com- 
posed of  two  large  iron  girders  and  angle  irons,  resting  at 
each  extremity  on  two  transverse  double  T-iron  girders 
of  6%  in.  x43+in.  xo.39  in.  These  latter  are  parallel  with 
the  ground  ;  the  rollers  are  placed  between  them,  to  which 
they  are  suspended  by  forked  bolts.  On  the  side  where 
the  rope  runs,  a  third  girder  of  double  T-iron,  parallel  to 
the  two  first,  and  having  the  same  transverse  section, 
serves  with  them  to  sustain  the  pulleys  -  /',  and  directs  the 
rope  over  the  driving  pulley  A.  Each  of  the  large  girders 
is  formed  of  an  iron  web  of  0.39  in.,  which  varies  from 
2  ft.  deep  in  the  middle  to  i63s  in.  at  the  extremities,  of 
twotlat  flanges  6 '4  in.  x  ><  in.  from  one  end  to  the  other, 
and  of  fourconnecting angle  irons  2js  in.  x  25g  in.  xo.39  in- 
Each  of  the  webs  is  formed  of  three  plates,  which  are 
joined  together  by  double-joint  covers  of  12  in.  x  0.39  in. 
The  plates  of  the  lower  flanges  have  their  ends  joined  bj' 
joint-covers  of  31.5  in.  x  6,'+  in.  x  J^  in.  Those  of  the 
upper  ones  have  no  joint-covers.  Fig.  4  gives  the  longi- 
tudinal section   of  the  large  girders.     Rails  are  fixed  on 


any  central  cord.  These  twists  are  themselves  composed 
of  25  strands  each  ;  they  are  twisted  in  a  contrary  direction 
to  the  rope,  and  have  13  to  14  turns  to  the  meter.  Thus 
formed,  the  cable  should  weigh  about  i  lb.  per  j'ard,  and 
should  have  a  breaking  strength  of  about  2  tons.  Before 
being  adjusted,  it  is  steeped  in  a  mixture  of  25  part  of 
tallow  to  10  of  resin  and  submitted  for  10  days  to  a 
tension  of  100  kilos.  When  in  work,  it  is  again  coated 
with  16  parts  of  tallow  to  10  of  resin,  as  occasion  requires. 
The  driving  pulley  of  the  rope  is  placed  at  one  extremity 
of  the  factory.  It  is  4  ft.  in  diameter,  and  makes  319 
turns  per  minute.  At  the  other  end  of  the  factory,  being 
a  distance  of  about  170  meters,  the  rope  returns  over 
another  pulley  of  the  same  dimensions  as  shown  by  the 
engraving.  Fig.  5  represents  the  grooves  of  both  the 
pulleys.  The  pulleys  by  which  the  rope  sets  in  motion 
the  mechanism  of  the  cranes  have  grooves  of  the  first  type; 
those  which  receive  the  cable  on  its  return  have  grooves 
of  the  second  type.  All  along  its  course,  the  cable  is  sup- 
ported by  brass  rollers  6  in.  in  diameter,  12  meters  apart. 
When  acted  on  by  the  cable,  these  rollers  revolve  at  the 
rate  of  2.546  turns  per  minute.  So  great  a  speed  requires 
that  the  rollers  should  have  their  centers  of  gravity 
rigorously  placed  in  the  axis  of  rotation,  and  that  their 
axes  should  not  be  allowed  to  have  too  much  play  in  their 


the  large  girders,  along  which  runs  a  four-wheeled  wagon. 
J  J,  which  carries  the  load,  This  is  sustained  by  an  iron 
chain  of  0.6  in.  fixed  to  the  hook  a,  at  one  end  of  the 
crane,  passes  over  the  two  pulleys  b,  attached  to  the 
wagon,  and  over  the  movable  pulley  c,  and  rolls  up  over 
the  barrel  of  the  windlass  U  at  the  extremity  of  the  crane. 
This  disposition  is  the  same  as  that  of  the  hand  crane 
described  in  our  April  number;  it  enables  the  wagon  to 
run  from  one  end  of  the  crane  to  the  other  without  either 
raising  or  lowering  the  load.  The  wagon  is  moved  by 
means  of  an  endless  iron  chain  of  11  mm.,  the  ends  of 
which  are  fixed  to  the  two  ring  bolts  </</ of  the  wagon, 
rolling  over  the  pulley  //  at  one  part,  and  over  the  nut 
P  at  another. 

Working  Mechanism. — The  fly  rope  enters  the  crane 
by  one  of  the  pulleys  A'^ ,  which  it  quits  vertically 
over  the  pulley  A,  describing  a  half  circle  ;  alter  this  it 
again  descends  over  the  second  pulley  .-V',  by  which  it 
leaves  the  crane.  The  pulleys  ^^  are  simple  return  pul- 
leys; the  pulley  A,  on  the  contrary,  drives  the  whole 
mechanism.  It  is  keyed  on  to  its  shaft,  which  consequent- 
ly turns  continually  while  the  cable  is  in  motion  ;  no 
other  part  of  the  mechanism  is  set  in  motion  by  this 
movement,  unless  it  be  previously  arranged  so  as  to  eflfect 
one  of  the  three  actions,  raising  of  the  load,  driving  the 
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wagon  on  the  crane  or  displacing  the  crane  itself.  The 
three  mechanisms  of  movement  are  composed  of  conical 
pinions  with  smooth  surfaces,  which  can  at  will  be  made 
closer  or  more  distant  from  one  another,  and  which  work 
by  friction.  The  mechanism  for  removing  the  crane  is 
nearest  to  the  starting  pulley.  The  two  conical  pinions 
BB  are  connected  by  a  sleeve  and  controlled  by  one 
hand  wheel,  one  or  other  of  the  pinions  />'  being  put  in 
contact  with  the  pinion  C.  which  is  driven  in  one  direc- 
tion or  another,  according  to  which  pinion  it  has  been 
brought  in  contact  with.  The  displacement  of  the  mov- 
able handle  is  effected  by  means  of  one  of  the  hand  wheels 
Y.  which  is  worked  from  the  platform  ^^ /^  suspended 
from  the  crane.  This  hand  wheel  is  fixed  to  a  rod,  the 
upper  end  of  which  is  screwed,  and  which  cannot  be 
moved  without  driving  back  one  of  the  two  springs  con- 
tained in  the  bo.xes/!- and /.  The  pinions  are  thus  forced 
upon  the  wheel  C"  witli  a  spring  pressure,  and  the  move- 
ment is  gradually  brought  about  by  a  slowly  increased 
friction.  The  springs  used  for  the  purpose  are  as  follows  : 
Diameter  of  the  steel  wire,  8.2  mm.;  outer  diameter  of  the 
spring,  60.2  mm,;  number  of  spirals,  10;  height  of  free 
spring,  210.5  mm.;  initial  height  of  li.xed  spring,  167  mm.; 
height  of  spring  completely  closed,  153  mm.;  initial  reac- 
tion of  spring,  140  kilos.;  reaction  ol  spring  completely 
closed,  185  kilos.  Under  these  conditions  the  move- 
ments are  easy  and  continuous,  but  care  must  be  taken  to 
avoid  the  pinions  being  splashed  with  oil.  In  order  to  do 
so,  the  backs  of  all  the  pinions  have  been  furnished  with 
covers  of  brass,  and  screens  have  been  placed  between 
them  for  their  protection.  The  mechanism  fortransporl- 
ing  the  load  is  similar  to  that  already  described.  The 
mechanism  for  raising  the  load  differs  from  the  other 
two  in  that  the  pinion  />' '  carried  by  the  principal  shaft 
is  collared  to  a  fi.xed  post,  while  the  pinion  C",  ap- 
proaches it  by  the  action  of  the  rod.  Further,  this  rod  pro- 
duces no  action  e.xcept  in  the  direction  of  raising  the  load. 
For  in  the  descent  it  is  sufficient  to  loosen  the  brake  by 
pulling  the  rope  111  when  the  load  is  heavy.  In  a  contrary 
case,  the  rope  n  must  also  be  pulled,  which  draws  nearer  to 
the  pinion  jS'  '  a  pinion/  carried  by  the  same  shaft  as  the 
pmion  C",  and  held  generally  apart  from  j5"  by  a  buffer 
spring.  The  three  fly-wheels  ]'  and  the  ropes  m  and  m 
are  conveniently  united  in  the  hand  of  the  conductor, 
who  is  placed  upon  the  platform  g  h.  and  from  this  ele- 
vated position  easily  follows  and  conducts  the  manoeuvres 
below  him.  In  the  engraving  a  system  of  notched  pinions 
Z  Z  will  be  observed,  and  the  pulleys  for  chains  X  placed 
below  the  platform  j,'  h,  and  commanding  the  three  work- 
ing rods.  This  system  was  invented  in  order  to  be  able 
to  work  the  crane  from  the  ground  floor  of  the  factory  in 
case  of  need  by  means  of  pendent  chains.  But  experience 
has  proved  that  it  is  always  best  to  work  it  from  above 
on  the  platform;,'  //. 

Lifting  moveinenl.—The  pinion  A''  '  governs  the  ascen- 
sion movement  by  means  of  the  smooth  pinion  C  '  of  the 
cogged  pinion  Q  gearing  with  the  wheel  R,  and  of  the 
cogged  pinion  S  gearing  with  the  wheel  T.  which  is 
mounted  upon  the  a.xis  of  the  barrel  U.  The  diameters 
of  the  governing  pulley  A,  of  the  barrel  6^  and  of  the  pin- 
ions and  intermediary  wheels  areas  follows:  Driving  pul- 
ley .4,  680  mm.;,  smooth  pinion  B\  186.6  mm.;  smooth 
pinion  C,  280  mm.;  cogged  pinion  Q,  63.15  mm.,  cogged 
wheel/?,  1,200  mm.;  cogged  pinion  5,  159  mm.;  cogged 
wheel  T,  1.035  mm.;  barrel  U,  650  mm.  The  result  is 
that  the  relation  between  the  course  pursued  by  the  cable 
passing  overthe  pulley  A  and  by  the  load  is, 
680  X  280  X  1200  X  1035  X  2 
186.6  X    63.15    X    159.2    X   65^"  3«8. 

The  shaft  on  which  the  pinions  C  and  Q  are  keyed 
carries  a  counterpoise  brake  and  an  automatic  tightening 
brake  of  the  Bourgougnon  system,  in  connection  with  the 
hand  crane  of  8. So  mm,  span.  The  diameter  of  the  pul- 
ley of  the  brake  / '  is  360  mm. 

Tnniersing  the  Wagon  J  J. — The  pinion  />'  causes  the 
traversing  of  the  wagon  by  means  of  the  smooth  pinion  C 
of  the  cogged  pinion  L,  which  gears  into  the  wheel  M. 
and  of  the  cogged  pinion  X.  which  gears  into  the  wheel 
O  mounted  on    the  axis  of  the   nut    /'.     The  diameters 


of  the  governing  pulley  A,  of  the  nut  P  and  of  the 
pinions  and  intermediary  wheels  are  as  follows: 
Governing  pulley  A.  6S0  mm.;  smooth  pinion />',  186  6 
mm.;  smooth  pinion  C,  280  mm.;  cogged  pinion  L.  8573 
mm.;  cogged  wheel  M,  700  mm.;  cogged  pinion  A',  150 
mm  ;  cogged  wheel  (',  375  mm.;  nut  /',  i6o'mm.  The  re- 
lation between  the  course  pursued  by  the  cable,  passing, 
over  the  pulley  A.  and  by  the  wagon  is  : 
£80  X  280  X  700  X  375 
186.6  X  85.73  X    150  X   i6o~  '^°'" 

Tra-'irsing  tlu-  iranc. — The  pinion  />  causes  the  traverse 
of  the  crane  by  means  of  the  smooth  pinion  cof  the 
cogged  pinion  /',  which  gears  into  the  conical  wheel  E  ; 
of  the  two  pinions  F,  which  gear  into  the  two  wheels  O : 
and  of  the  two  pinions  H,  w-hich  gear  into  the  two  wheels 
/,  carried  by  the  axis  of  the  rollers  A'.  The  diameters  of 
the  driving  pulley  A.  of  the  rollers  A',  and  of  the  pinions 
and  intermediary  wheels  are  as  follows  :  Governing  pulley 
A,  680  mm.;  smooth  pulley  />'.  186.6  mm.;  smooth  pulley  C. 
2S0  mm.;  cogged  pinion  li.  100  mm.;  cogged  wheel  A'.  300 
mm.;  cogged  pinions  F.  71.46  mm.;  cogged  wheels  G,  250 
mm.;  cogged  pinions  H.  87  mm.;  cogged  wheels  /,  695  mm.; 
rollers  K,6io  mm.  The  relation  between  the  course  pur- 
sued by  the  cable,  passing  over  the  pulley  .-J,  and  by  the 
crane  is: 

680  X  280  X  300  X  250  X  693 
186^  xToo"x^~7746  X  87  X  650"  '3'- 

Weight. — The  total  weight  of  a  crane  of  the  type  we 
have  just  described  is  about  10  tons.  The  load  under 
which  these  machines  have  been  tested  is  6  tons.  This 
is  double  the  normal  weight  they  are  called  upon  to  raise 
in  ordinary  service.  The  J'ort/ct/ii/i:  Eionomiqut-  dcs 
Machines,  from  which  we  gather  our  information,  says 
they  have  borne  this  test  in  the  most  satisfactory  manner. 

The  dimension  given  in  the  cuts  are  in  meters  and 
millimeters. 


The  Velocity  and  Force  of  a  Tornado. 


After  the  tornado  at  Washington  Court  House,  Ohio, 
September  16,  1885,  it  was  noticed  that  in  many  places  in 
the  track  of  the  tornado  straws  of  timothy  from  2  to  3  in. 
long  were  driven  into  bark  and  boards,  penetrating  to  a 
depth  of  from  0.05  to  0.10  in.  so  firmly  that  they  would 
break  oft'  if  any  attempt  were  made  to  pull  them  out. 
This  could  only  have  been  effected  by  the  force  of  the 
wind  imparting  to  the  straws  a  sufficient  velocity  to  pene- 
trate these  hard  substances.  This  explanation  was  so  un- 
satisfactory to  many,  who  sought  to  explain  this  curious 
phenomenon  by  making  it  depend  upon  various  electrical 
forces  and  the  like,  that  the  author  was  led  to  attempt  to 
produce  similar  effects  by  imparting  a  suthcient  velocity 
to  straws  by  means  of  an  air-current,  with  the  double  pur- 
pose of  proving  that  the  phenomenon  could  be  reproduced 
in  this  way,  and  of  determining  the  minimum  wind-veloc- 
ity which  must  have  been  attained. 

Hitherto  no  direct  measurements  of  the  velocity  of  the 
wind  in  a  tornado  had  been  made.  The  estimated  veloci- 
ties, ranging  from  200  to  600  miles  per  hour,  deduced 
theoretically  from  the  probable  difference  in  the  height  of 
the  barometric  column  in  the  vortex  and  in  the  external 
atmosphere,  must  be  regarded  as  merely  approximations, 
because,  to  our  knowledge,  there  have  been  no  barometric 
readings  ever  taken  in  the  vortex  of  a  tornado. 

After  trial  of  various  methods,  it  was  found  that  by  pro- 
jecting straws  from  an  air-gun  of  the  air-chamber  type, 
the  phenomenon  could  be  perfectly  reproduced.  A  dozen 
or  20  straws  were  placed  in  the  barrel  of  the  gun  without 
wad  or  packing  and  driven  out  by  a  puff  of  air.  The 
velocity  of  the  straws  was  directly  measured  by  the 
method  suggested  by  Professor  Mayer  for  rifle  balls  in 
the  J'roeeei/ings  of  the  National  Academy.  The  results- 
were  somewhat  surprising.     A  velocity  of   130  miles  per 
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hour  caused  the  straws  to  just  stick  in  the  board  toward 
which  they  were  fired.  A  velocity  of  150  miles  caused  a 
penetration  of  about  0.0325  in.  (about  ^'j  in.)  in  pine  wood, 
while  at  175  to  180  miles  the  penetration  was  0.05  in.  .V 
velocity  of  200  miles  per  hour  caused  the  straws — or  nearly 
all  of  them— to  shatter. 

It  appears  from  these  results  that  the  minimum  velocity 
of  the  wind  in  the  tornado  was  from  140  to  175  miles  per 
hour. 


The  Engineering  Feature  of  the  Nicaragua  Ship  Canal. 

[.Abstract  of  paper  read  before  the  American  Association  for  the  Ad- 
vancement  of  Science,  at  the  New  York  meeting,  by  Civil  EnRinecr  R.  E. 
Peary,  V.  S.  N.] 

The  Nicaragua  Canal  is  known  by  name,  probably,  to  a 
majority  of  persons  in  this  country  ;  but  the  revised  route, 
the  enlarged  capacity  and  the  new  features  presented  as 
the  result  of  the  last  survey,  made  two  years  ago  by  the 
United  States  Government  expedition  in  charge  of  Civil 
Engineer  Menocal,  U.  S.  N.,  are  not  so  well  known,  and 
of  them  I  will  speak.  The  distance  from  ocean  to  ocean 
by  the  proposed  route  is  169.8  miles.  Of  this  distance, 
however,  only  40.3  miles  are  actual  canal,  the  other  129.5 
miles  being  free  navigation  through  Lake  Nicaragua,  the 
Rio  San  Juan  and  the  valley  of  the  San  Francisco.  Be- 
ginning at  the  port  of  Brito'on  the  Pacific  side,  the  canal 
ascends  the  valley  of  the  Rio  Grande  by  four  locks,  and 
cutting  through  the  low  divide  enters  Lake  Nicaragua 
17.27  miles  from  Brito.  at  an  elevation  of  1 10  ft.  above  the 
sea.  The  route  then  extends  across  the  lake,  which  is  40 
miles  wide  and  over  90  miles  long,  to  its  outlet  into  the 
Rio  San  Juan,  a  distance  of  56 '-2  miles.  Then  down  the 
broad,'  deep  reaches  of  the  majestic  San  Juan  to  the  dam, 
64  miles  from  the  lake.  This  dam,  1,255  ^^-  long  and  52 
ft.  high,  backs  the  water  of  the  river  the  entire  distance 
to  the  lake  and  makes  it  simply  an  extension  of  the  lake. 
On  the  north  bank  of  the  river  just  above  the  dam.  a  short 
section  of  canal,  less  than  two  miles  long,  cuts  through 
the  hills  into  the  Y-shaped  valley  of  the  Rio  San  Francisco 
lying  north  of  the  San  Juan  and  separated  from  it  by  a 
range  of  hills.  An  embankment.  6,500  ft.  long  and  51  ft. 
high  in  the  center,  built  across  the  stem  of  the  V,  floods 
this  valley  to  the  level  of  the  water  above  the  dam  and 
makes  about  10  miles  of  lake  navigation.  At  the  eastern 
end  of  this  lake  commences  the  eastern  division  of  this 
canal  and  pierces  the  divide  by  a  cut  14,200  ft.  long  and 
averaging  149  ft.  in  depth.  At  the  eastern  end  of  this  cut 
is  the  upper  lock  of  the  Atlantic  flight,  and  from  here  the 
canal  descends  the  valley  of  the  Deseado  by  three  locks 
to  the  sea  level,  and  stretches  across  the  lagoon  region 
back  of  Greytovvn  to  the  harbor  1 1  '4  miles  distant.  From 
the  last  lock  to  Greytown,  the  same  as  at  Brito  on  the 
west  side,  the  canal  is  enlarged,  forming  an  e.xtension  of 
the  harbor  ii><  miles  inland.  The  lake  and  the  river 
must  form  a  part  of  any  and  every  canal  route  through 
Nicaragua,  and  the  location  as  a  whole  is  the  result  of  Civil 
Engineer  Menocal's  complete  and  exhaustive  personal 
knowledge  of  the  entire  country  from  ocean  to  ocean 
gained  in  the  course  of  eight  different  surveys,  extending 
over  a  period  of  15  years,  and  supplemented  by  a  con- 
scientious study  of  all  that  has  been  done  by  others  in 
that  region. 

Of  the  40.3  miles  of  actual  canal,  about  27  miles  will  be 
excavation  pure  and  simple,  while  the  remaining  13  miles 
will  be  largely,  if  not  entirely,  excavated  by  dredges. 
With  the  convenient  dumping  ground  for  earth  excavated, 
with  a  large  portion  of  the  rock  from  the  summit  cut 
utilized  close  at  hand  in  the  construction  of  the  locks,  the 
dam  across  the  Rio  Grande  and  in  pitching  the  slopes  of 
the  canal,  and  a  still  larger  quantity  to  be  consumed  in 
the  construction  of  the  breakwaters  a"  Brito,  the  work  in 
this  section  admits  of  the  most  economical  execution. 
The  divide  cut  from  the  basin  of  the  San  Francisco  to 
the  upper  lock,  14.200  ft.  in  length  and  with  an  average 
depth  of  149  ft.,  is,  it  is  admitted,  a  very  serious  job  ;  but 
with  the  neighboring  streams  offering  water  at  a  high 
head  for  removing  the  surface  earth  by  hydraulic  mining. 


with  a  large  plant  of  power  drills  worked  by  compressed 
air,  from  the  same  source,  and  the  use  of  modern  explos 
ives  to  remove  the  rock,  with  a  large  proportion  ot  the  , 
excavated  rock  to  be  used  in  the  construction  of  the  locks 
and  the  dam,  and  in  pitching  the  slopes  of  the  canal ;  and 
a  still  larger  quantity  utilized  in  the  construction  of  the 
harbors  at  Greytown  ;  with  the  laborers  above  the  miasma 
and  mosquitoes  of  the  swamp  and  exposed  to  the  pure 
breath  of  the  trade  winds,  the  work  can  be  done  without 
serious  diHiculty. 

There  are  two  features  of  this  project  which  to  many 
who  have  not  made  such  structures  a  study  cause  a  ques- 
tion of  safety  to  arise  :  one  is  the  dam,  which  at  one  stroke 
gives  us  64  miles  of  river  navigation,  and  the  other  is  the 
embankment,  which  at  a  second  stroke  gives  us  over  8 
miles  of  lake  navigation  and  completely  solves  for  that 
portion  of  the  canal  from  the  dam  to  the  divide  (13  miles) 
the  important  problem  of  protection  from  surface  drain- 
age, but  neither  of  them  are  anything  more  than  small 
affairs  when  compared  wMth  many  others  scattered  about 
the  world  and  serving  much  less  important  purposes  than 
the  ones  under  consideration,  and  beside  the  Ouaker 
Bridge  Dam  they  are  pigmies.  Right  here  at  the  Croton 
reservoir  is  a  dam  which  is  to-day  standing  twice  the 
strain  that  either  of  them  will  ever  be  called  upon  to  resist. 
The  locks  are  to  be  magnificent  structures  of  concrete, 
850  ft.  long,  80  ft.  wide  and  30  ft.  deep,  capable  of  con- 
taining any  merchant  vessel  afloat,  except  the  Grc-n/  East- 
ern and  possibly  the  Ci'/y  of  Rome.  The  necessary  ma- 
chinery for  moving  the  locks  and  culvert  gates,  for  haul- 
ing the  ships  in  and  out  of  the  locks,  for  electric  lights 
and  other  purposes  will  be  worked  by  hydraulic  power 
furnished  by  the  locks  themselves. 

In  regard  to  the  general  question  of  locks  the  late  A.sh- 
bel  Welch  and  the  late  John  G.  Stevens  are  quoted  at 
some  length  in  favor  of  their  use. 

Much  iaas  been  said  about  the  harbors  at  the  termini  of 
the  Nicaragua  route,  and  neither  time  nor  space  will  per- 
mit me  to  enter  into  the  discussion  here.  It  may  be  said, 
however,  that  there  is  no  practical  route  for  a  canal  across 
the  American  Isthmus  that  has  good  harbors,  and  it  is 
believed  that  those  at  the  termini  of  the  Nicaragua  Canal 
can  be  made  first-class  at  less  cost  than  those  of  any 
other  route.  There  is  nothing  more  difficult  in  the  im- 
provement of  Brito  Harbor  than  has  been  successfully 
accomplished  at  numerous  French  and  English  breakwater- 
protected  ports  and  harbors,  and  the  maintenance  of  the 
harbor  of  Greytown  will  be  a  much  less  serious  job  thar» 
is  the  maintenance  of  the  Port  Said  entrance  of  Suez,  witb 
the  enormous  salt  discharge  of  the  Nile  driven  across  its 
mouth  bv  strong  littoral  currents. 

Lake  Nicaragua  has  a  surface  area  of  some  2,000  square, 
miles  and  a  drainage  area  of  not  less  than  8,000  square 
miles,  and  the  Rio  San  Juan,  its  only  outlet,  discharges, 
at  its  lowest  stage,  near  the  close  of  the  dry  season,  eight 
times  the  maximum  supply  required  by  the  locks.  An 
inexhaustible  supply  of  the  best  building  material,  such 
as  lime,  natural  cement,  stone  and  timber,  can  be  obtained' 
on  the  line  of  the  canal,  and  with  an  abundance  of  palm, 
leaves  for  thatching,  such  temporary  buildings  as  are  re- 
quired for  the  accommodation  of  the  working  force  and' 
the  protection  of  property  can  be  constructed  at  little 
more  expense  than  that  of  handling  the  material. 

At  Suez,  the  traffic  has  been  seriously  delayed  by  the 
dimensions  of  the  canal  and  the  inadequate  number  of  the 
turnouts.  In  the  present  project,  not  only  have  enlarged 
prisms  been  provided  for,  but  larger  basins  are  proposed 
at  the  extremities  of  the  locks.  These  basins,  the  enlarge- 
ment of  the  canal  at  each  end,  with  the  lake,  the  river  and 
the  San  Francisco  basin,  will  permit  vessels  to  pass  each 
other  without  delay  at  almost  every  point  on  the  route. 
In  22.37  miles,  or  57  per  cent.,  of  the  canal  in  excavation 
the  prism  is  large  enough  for  vessels  in  transit  to  pass  each 
other,  and  of  a  sectional  area  in  excess  of  the  maximum 
area  in  the  Suez  Canal ;  the  remaining  distance  in  which 
large  vessels  cannot  conveniently  pass  each  other  is  so 
divided  that  the  longest  is  only  3.67  miles  in  length  ;  that, 
with  two  exceptions,  those  short  reaches  of  narrow  canal 
are  situated  between  the  locks  and  can  be  traversed  by 
any  vessel  in  less  time  than  is  estimated  for  the  passage 
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of  a  lock;  consequently,  unless  a  double  system  of  locks 
be  constructed,  nothing  will  be  gained  by  an  enlargement 
of  the  prisms.  In  the  lake  and  in  the  largest  portion  of 
the  San  Juan  River  vessels  can  travel  almost  as  fast  as  at 
sea.  In  some  sections  of  the  river,  and  possibly  in  the 
basin  of  the  San  Francisco,  although  the  channel  is  at  all 
points  deep  and  of  considerable  width,  the  speed  may  be 
somewhat  checked  by  reason  of  the  curves. 

ESTIMATED  TIME  OF  THROUGH    TRANSIT    liV  SIEAMKR. 

H.  M. 

^8.98  miles  of  canal,  at  5  miles  an  hour 7  48 

8.51  miles  in  the  San  Francisco  basin,  7  miles  an  hour.  i  14 

64.54  miles  in  the  San  Juan  River,  at  8  miles  an  hour. .  ^  ■* 

56.50  miles  in  the  lake,  at  ni  miles  an  hour  5  _w 

Time  allowed  for  passing  seven  locks,  at  45  minutes 

Allow  for  detention  in  narrow  cuts,  etc 2  'xj 

Total  time jo  00 

The  e.xperienceof  the  Suez  Canal  shows  that  the  actual 
time  of  transit  is  more  likely  to  fall  under  than  to  exceed 
the  abovL  estimate.  The  traffic  of  the  canal  is  limited  by 
the  time  required  to  pass  a  lock,  and  on  the  basis  of  45 
minutes  (above  estimated)  and  allowing  but  one  vessel 
to  each  lockage,  the  number  of  vessels  that  can  pass 
through  the  canal  in  one  day  will  be  32,  or,  in  one  year, 
11,680;  which,  at  the  average  net  tonnage  of  vessels  pass- 
ing the  Suez  Canal,  will  give  an  annual  traffic  of  20,440,000 
tons.  This  is  on  the  basis  that  the  navigation  will  not  be 
stopped  during  the  night.  The  estimate  of  the  total  cost 
of  the  canal  is  $64,043,699,  which  sum  includes  25  per 
cent,  for  surveys,  hospitals,  etc.,  and  contingencies.  The 
completion  of  the  canal  will  require  si.x  years,  one  for  final 
location  and  five  for  active  work  of  construction,  and  the 
probable  traffic  for  1892,  the  possiblp  date  of  completion 
of  the  Nicaragua  Canal,  is  6,506.214  tons. 


Railroads  in  Turkey. 


(From  the  London  Eni(ht^. 


For  a  long  time  past  it  has  seemed  as  if  the  mileage  of 
railways  within  the  Ottoman  Empire  was  doomed  to  re- 
main stationary.  It  was  the  more  difficult  to  account  for 
this  stagnation,  because  it  was  well-known  that  wherever 
railroads  had  been  carried  out  in  that  empire  the  district 
served  had  experienced  very  material  improvement,  and 
the  lines  themselves  had  proved  fairly  remunerative. 
There  is  no  country,  perhaps,  that— to  judge  from  the  ex- 
perience already  gained — more  demands  railroad  facili- 
ties, or  has  shown  itself  to  be  more  appreciative  of  them, 
than  does  the  Asiatic  territory  of  Turkey.  With  the 
details  of  the  proposed  route  to  India  by  the  Euphrates 
Valley  we  are  all  well  acquainted,  nor  are  there  many  to 
be  found  who  dispute  the  arguments  upon  which  its  pro- 
posers base  their  advocacy  of  it.  But  from  a  variety  of 
causes  this  great  scheme  experiences  delay  in  its  realiza- 
tion. We  are  therefore  pleased  to  learn  that,  by  an  im- 
perial Irade  (decree)  just  published  in  the  Gazette  of  Con- 
stantinople, privileges  have  been  accorded  to  British 
financiers  which  wiil  enable  a  first  step  to  be  made  toward 
securing  the  benefits  which  that  route  was  designed  to 
obtain. 

The  Irade  referred  to  concedes  the  privilege  of  con- 
structing a  railroad  to  Bagdad,  and  those  who  have 
studied  the  question  of  providing  an  alternative  route  to 
India  through  Ottoman  territory  to  the  head  of  the  Per- 
sian Gulf,  will  recognize  what  material  aid  this  concession 
will  afTord  toward  the  full  ultimate  execution  of  that 
scheme.  A  letter  from  Constantinople  assures  us  that 
the  new  line,  besides  opening  up  many  important  and 
wealthy  districts  and  towns  throughout  its  course,  will 
"  bring  India  closer  to  England  by  some  four  or  live  days, 
thus  providing  a  mail  route  shorter  than  either  the  Pacific 
or  the  Siberian  "  Whether  it  may  eventually  prove  to  be 
desirable  that  an  Indian  mail  service  should  be  organized 
by  this  new  route,  is  a  question  upon  which  we  do  not 
feel  prepared  to  enter.  There  may  be,  and  certainly  are, 
many  considerations  to  be  given  to  such  a  proposal  which 
may  not  have  occurred  to  the  writer  of  the  letter  from 
which  we  quote;  but  the  fact  is  incontestible  that  the 


advance  of  railroad  communication  between  Europe  and 
India  as  far  as  Bagdad,  will  revive  the  hopes  of  those  who 
deem  mail  conveyance  via  the  Asiatic  provinces  of  Tur- 
key to  India  to  be  perfectly  feasible.  But,  apart  from  the 
prospect  of  obtaining  a  third  alternative  route  to  our  In- 
dian possessions  which  the  late  determination  of  the 
Sultan  and  his  advisers  has  now  opened  out,  we  may  re- 
gard with  extreme  satisfaction  this  new  enterprise  as  cer- 
tain to  do  much  toward  relieving  the  deadlock  in  pros- 
perity which  has  so  long  oppressed  the  fertile  provinces 
of  Asia  Minor.  These  are  understood  to  be  among  the 
most  productive  territories  of  the  world  ;  and  yet  it  is  a 
well-known  fact  that,  year  after  year,  the  crops  produced 
in  them  are  allowed  to  rot  upon  the  ground,  owing  to  the 
impossibility  of  conveying  them  to  a  profitable  market. 

The  evil  this  want  entails  is  well  illustrated  by  a  single 
instance  given  in  the  letter  from  which  we  have  above 
quoted.  Its  writer  informs  us  that  "a  sum  of  not  less 
than  ^3,000,000  is  annually  spent  abroad  in  provisioning 
Constantinople  in  respect  only  to  three  articles  of  con- 
sumption— flour,  butter  and  meat — when  Anatolia  is  well 
capable  of  supplying  the  whole  of  Turkey  in  Europe  with 
a  large  surplus  for  exportation."  We  are  naturally  glad 
to  learn  that  it  is  to  British  enterprise  that  the  removal 
of  so  heavy  a  disability  is  to  be  entrusted,  the  concession 
having  been  made  to  the  present  lessees  of  the  Haidar- 
Pasha  &  Ismid  Railroad.  Those  acting  with  them  con- 
template bringing  in  the  line  from  Haidar-Pasha  to  Scu- 
tari, so  as  to  of^er  a  port  at  its  northern  terminus  protected 
from  wind  and  sea  at  all  seasons.  This  part  of  the  work 
is  to  be  commenced  forthwith.  In  connection  with  the 
whole  scheme  we  learn  that  a  very  important  decision  as 
to  the  character  to  be  given  to  the  lines  has  been  arrived 
at,  and  this  has  doubtless  been  largely  based  upon  the 
ascertained  results  to  experience  of  late  years  in  India. 
The  Military  Council  of  the  Sultan  is  said  to  have  strongly 
advocated  their  construction  upon  a  narrow  gauge;  but 
full  survey  and  inquirv  proved  that,  although  this  might 
be  cheaper  in  first  cost,  mile  by  mile,  than  a  broad  gauge, 
it  would  entail,  as  on  the  present  Adrianople  Railroad,  the 
traverse  of  nearly  twice  the  actual  distance  to  avoid 
physical  difficulties.  If  to  this  fact— which  is  said  to  have 
been  fully  ascertained  — be  added  the  considerations  as  to 
weight,  conveyance,  etc.,  which  are  now  inducing  the 
change  in  many  parts  of  India  of  established  railroads  in 
that  country  from  the  narrow  gauge  on  which  they  were 
first  constructed  to  a  broader  one.  we  can  well  approve 
the  determination  of  the  Sultan  to  face  first  cost  rather 
than  expose  the  system  to  consequences  which  might 
ultimately  cause  a  large  increase  upon  it. 

We  may,  we  believe,  see  in  the  concession  granted  a 
strong  desire  on  the  part  of  the  Government  of  Turkey 
to  entrust  the  future  of  its  railway  extensions  to  British 
enterprise.  It  is  well-known  that  for  a  long  time  foreign 
influences  have  been  strongly  competing  in  the  endeavor 
to  obtain  this  new  opening  for  other  nationalities.  We 
have,  of  course,  nothingto  say  on  the  political  aspect  of  the 
1  Sultan's  act.  We  may  feel  assured  that,  even  before  the 
new  railroad  reaches  its  terminus  at  Bagdad,  British  entre- 
preneurs will  be  active,  with  the  object  of  extending  it 
further  toward  the  Persian  Gulf.  The  route  to  India, 
therefore,  that  has  so  long  been  advocated,  will  probably 
by  this  independent  concession  find  advancement  from  a 
quarter  from  which  but  little  help  was  to  have  been  ex- 
j  pected.  It  may  not  fulfil  all  the  desires  of  those  who 
have  struggled  so  persistently  toward  the  realization  of 
their  designs,  but  it  must  contribute  greatly  toward 
ultimately  obtaining  the  fulfilment  of  them. 


The  English  War-Ship  "Trafalgar." 
( From  the  London  Eni^iiieer.) 

The  most  powerful  iron-clad  afloat,  so  far  as  regards 
her  thickness  and  weight  of  armor  and  displacement,  H. 
M.  S.  Tra/aijrar,  will  be  launched  from  Portsmouth  Dock- 
yard about  September  20.  The  work  of  completing  the 
vessel  so  as  to  be  in  readiness  for  this  event  is  progressing 
with  the  utmost  rapidity,  and  proceeds  night  and  day  un- 
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interruptedly,  the  hull  being  lighted  throiitjlioiit  with 
electric  lamps.  This  illumination  is  rendered  necessary 
even  at  midday,  as  the  ramitication  of  water-tight  com- 
partments darkens  the  lowermost  recesses  of  the  ship 
completely.  There  are  27  entire  bulkheads  dividing  the 
interior  space  into  so  many  separate  portions,  and  the 
decks  again  sub-divide  these   almost  indefinitely.     The 


Tliose  on  the  sides  taper,  or  are  beveled  off  beneath  the 
water-line  to  an  edge  of  only  8  in.  The  teak  is  dressed 
and  cut  away  on  the  surface  so  as  to  fit  the  plates  pre- 
cisely. The  plates  at  the  ends  of  the  main  citadel  are 
secured  by  the  bolts  being  passed  through  large  holes  left 
at  intervals  in  the  bed  of  the  turret,  otherwise  they  could 
not  be  worked  in.     Over  the  whole  of  the  main  or  upper 


THE  ENGLIS 


accompanying  illustration,  which  gives  merely  an  ap- 
pro.ximate  idea  of  this  vast  fighting  machine,  and  is  de- 
signed only  to  show  the  position  of  the  several  citadels, 
3-in.  steel  decks  and  armored  bulkheads,  should  be 
studied  in  order  to  understand  the  modifications  which 
have  been  made  in  the  two  iron-clads  of  most  recent  type 
— the  Xi'L-,  now  building  at  Pembroke,  and  the  Trafalgar, 
which  is  the  subject  of  the  present  paper,  they  being 
sister  ships.  The  dimensions  are:  Length,  345  ft.; 
breadth.  73  ft.;  displacement.  11,940  tons;  indicated 
H.  P..    i2,oo3;    draft.   27    ft.   6    in.     The   armor    belt   at 


tr.\fal(;ar.' 


citadel  is  a  3-in.  steel  deck  ;  upon  this  is  built  a  central- 
box  battery  for  eight  j-in.  breech-loading  guns.  The  side 
walls  of  this  are  of  light  plates,  but  the  ends  are  protected 
from  raking  fire  by  6-in.  armor  and  a  backing  of  teak. 
Upon  the  spar  deck  covering  this  battery  the  boats  will  be 
stowed,  and  a  number  of  machine  guns  and  quick-firing 
guns  will  be  mounted,  the  latter  comprising  eight  6- 
pounder  Hotchkiss,  and  eleven  3-pounders  of  the  same 
nature.  The  ends  of  the  vessel  are  protected  beneath  the 
water-line  by  a  steel  deck  3  in.  thick,  extending  from  the 
14  in.  bulkheads  before  alluded   to  to  the  ram  at  one  end 


SECTION  OF  THE  ENGLISH  67-TON  BREECH-LOADING  GUN. 


the  water  line  extends  to  a  length  of  230  ft.  amidships, 
and  is  20  in.  thick  at  the  center,  tapering  off  slightly  to 
the  ends,  where  it  encounters  and  combines  with  bulk- 
heads of  14-in.  armor,  thus  forming  with  them  a  sort  of 
lower  citadel,  this  being  decked  over  with  3-in.  steel  so 
far  as  the  ends  of  the  main  or  upper  citadel.  The  same 
2o-in.  plates  that  form  the  walls  of  this  lower  portion  are 
continued  upward  as  the  walls  of  the  upper  citadel, 
which  is  193  ft.  in  length,  but  the  thickness  of  the  plates 
is  reduced  to  16  in.  The  parabolic  ends  or  bulkheads 
of  the  upper  citadel  are  protected  with  iS-in.  armor,  as 
are  also  the  turrets  which  spring  from  within  its  angles. 
The  armor,  both  of  sides  and  bulkheads,  is  backed  with 
about  18  in.  to  20  in.  of  teak,  and  behind  this  again  is  a 
strong  inner  steel  skin  2  in.  thick.  The  plates  are  com- 
pound,   having    wrought-iron    backs   with   a   steel    face. 


and  to  thesternpost  at  the  other.  Thus  the  vitals  of  the 
ship  are  completely  protected  bv  armor  plates  from  end 
to  end.  The  number  of  torpedo  tubes  will,  we  under- 
stand, be  four,  one  in  the  bows,  one  astern  and  two  diag- 
onally from  the  broadside.  The  turrets  will  be  revolved 
by  hydraulic  power. 

Each  turret  will  contain  two  67-ton  breech-loading  steel 
guns,  which  will  also  be  loaded  and  worked  by  hydraulic 
power,  being  on  the  disappearing  system,  hinged  upon 
huge  levers,  which  rise  for  firing  within  rectangular  slots, 
and  descend  for  the  loading  position  beneath  the  armored 
deck.  A  section  of  one  of  the  turret  guns  appears  in  an 
illustration.  Its  dimensions  are  as  follows,  they  being  a 
striking  contrast  to  those  of  the  81-ton  muzzle-loading 
guns  of  the  Ittfit-xiblc.  the  proportions  being  so  singularly 
slender,  and  the  length  so  very  remarkable  :    Total  length, 
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36  ft.  I  in,  (433  in.);  length  of  bore,  405  in.;  diameter  of 
bore  of  gun.  13.5  in.;  diameter  of  powder  chamber.  18  in.; 
length  of  powder  chamber,  66.5  in.;  capacity  of  powder 
chamber.  17.100  cubic  inches;  weight  of  gun,  67  tons; 
full  charge,  520  lbs.  prismatic  brown  powder;  estimated 
muzzle  velocity.  1.960  foot-seconds.  It  is  entirely  of 
forged  steel,  and  the  disposition  of  the  breech-piece  and 
of  the  covering  hoops  have  been  designed  so  as  to  break 
joints  and  cover  every  conceivable  spot  which  might  be  a 
source  of  weakness.  The  guns  for  the  Trafalgar  are  now 
in  course  of  construction  at  the  Royal  Gun  Factories, 
Woolwich. 

The  cost  of  the  Nile  and  of  the  Trafalgar  is  a  very 
serious  item.  It  will  exceed  that  of  any  other  vesst-ls 
building  or  afloat.  The  estimate  for  each  is  Ifjio.oiio. 
The  hull.  /;686,ooo;  the  engines,  jji],ooo  ;  and  the  guns 
and  their  mountings,  _£i 37,000.  But  it  must  be  remem- 
bered that  these  two  ships  are  constructed  entirely  of  the 
finest  steel,  and  that  the  disposition  of  the  armor  is  far 
more  e.xtensive  and  effectual  than  that  of  the  Inflexible, 
or  ship.s  of  the  .liliiiiral  class,  which  are  only  partially 
protected.  The  only  weak  point  that  appears  to  us  to  be 
mdicated  in  the  arrangement  of  the  piates  upon  the  Tra- 
falgar, is  the  side  wall  of  the  central  box  battery.  Al- 
though protected  from  raking  fire,  we  cannot  but  think 
that  a  heavy  broadside  fire  might  soon  silence  the  eight 
5-in.  guns  contained  in  it.  Perhaps,  however,  the  e.xtra 
weight  involved  might  dangerously  affect  the  stability  or 
buoyancy  of  the  ship,  already  charged  with  a  most  pre- 
ponderating weight  of  armor.  Doubtless  this  has  been 
taken  into  consideration.  One  thing,  however,  is  very 
certain,  that  the  Trafalgar  is  never  likely  to  prove  struc- 
turally weak,  as  has  been  reported,  we  regret  to  learn,  in 
the  case  ot  the  CoiKjueror,  which  sutTered  severely  when 
her  45-ton  guns  were  fired  last  week.  The  framing  of  the 
new  vessel  is  of  giant  strength.  The  wonder  that  occurs 
to  one  in  gazing  upon  so  huge  a  mass  of  metal  as  she  ap- 
pears at  present  is  that  she  can  ever  float  at  all.  We 
should  have  mentioned  that  the  important  steering  gear 
and  engines  which  work  it,  are  well  down  near  the  stern  post 
and  below  the  protecting  steel  3-in.  deck.  The  coal  is,  as 
in  the  case  of  the  Iiiiperieuse  and  later  ships,  so  disposed 
as  to  add  an  increment  of  strength  to  the  armor,  being 
spread  beneath  the  decks  In  extended  bunkers. 


THE  NEW  WAR  SHIPS. 

The  report  of  Captain  F.  M.  Ramsay,  U.  S.  N.,  com- 
manding the  new  cruiser  .fff,rAw.  gives  particulars  of  the 
sea  trial  of  the  engines  of  that  ship,  from  which  the  fol- 
lowing statements  are  made  : 

Duration  of  trial  10:45  a,  m.,  to  4:45  p.  m.;  breeze   light, 
from  S.  S.  E.;  draft  of   vessel   forward,   14  ft.  9  In.;  alt,  19 
Jt.  2  in. 
Maximum   collective    H.    I',   developed    by 

machinery  during  the  trial  was 4248.50  I.  H.  P. 

Mean  collective  H.  P.  during  the  trial  was..       3771J.S2 
Mean  collective  H.  P.,  excluding  cards  Nos. 
6  and  13,  taken  when  steam   was  down, 

was 3S88.20 

Coal  burned  per  square  foot  of  grate  sur- 
face        35.43  lbs. 

Mean  air  pressure,  forward  fire-room 0.9S5  in. 

After  tire-room 1.008     " 

Maximum  1.  H.  P.  per  square  foot  of  grate.       12.75 

Mean  distance  run  per  hour 13.8  knots. 

Mean  revolutions 68.35 

Mean  steam  pressure Sfi.     lbs. 

The  engines  worked  smoothly,  without  jar,  and  perfect- 
ly cool,  with  the  exception  of  two  main  journals  which 
warmed  slightly.  Alter  low-pressure  crank-pin  heated 
slightly,  due  to  the  telescopic  oiling  tube  carrying  away 
before  trial  began.  During  later  part  of  trial  a  higher 
number  of  revolutions  was  made,  due  probably  to  decrease 
of  friction  of  the  higher  parts. 

The  Hoslon  has  not  been  docked  since  September  6, 
1886,  and  the  comparatively  low  speed,  compared  with  the 


Atlanta,  is  due  to  foul  bottom.     The  trial  was  continu- 
ous, no  stop;  and  the  boilers  did  not  foam. 

The  maximum  indicated  horse-power  shown  above  was 
made  up  as  follows  : 

High-pressure  cylinder 1.561.6 

Forward  low-pressure  cylinder 1,102.9 

After  low-pressure  cylinder 1,259.0 

Total  main  engines 3.923.5 

Engine  pumps,  blowers  and  miscellaneous  machinery.       325.0 

Total  maximum  T.  H.   P 4,248.0 

During  the  trial  of  the /jVi/(W  all  her  spars  and  equip- 
ments for  sea  were  on  board,  except  eight  guns,  and  she 
was  entirely  under  the  control  of  officers  of  the  naval  ser- 
vice. The  trial  was  made  in  Long  Island  Sound,  the  sea 
being  smooth  and  only  a  light  breeze  blowing;  the  ves- 
sel steered  easily  ;  the  Sickles  steam  steerer  working  ad- 
mirably throughout  the  trial.  The  machinery  was  never 
stopped  or  slowed  from  the  time  of  leaving  the  Navy 
Yard  at  7:15  A.  M.  until  anchoring  off  Whitestone  in  the 
evening  :  the  data  embraced  In  the  report  was  for  6  hours 
only,  although  the  engines  were  In  constant  operation  for 
nearly  12  hoirs,  working  most  smoothly  and  without  any 
undue  heating.  The  reversing  engines  worked  most 
satisfactorily,  It  being  possible  to  reverse  the  engines  from 
full  speed  ahead  to  full  speed  back  in  a  few  seconds.  The 
boilers  were  operated  In  connection  with  an  air-tiplu  fire 
room,  the  pressure  averaging  about  1  In,  of  water  The  air 
was  supplied  by  Sturtevant  boilers  and  the  temperature 
of  the  fire  rooms  was  about  90  to  100  degrees.  The  steam- 
pressure  did  not  materially  vary  from  90  pounds,  although 
the  men  were  entirely  Inexperienced  with  either  a  closed 
fire  room  or  bituminous  coals.  The  air  and  circulating 
pumps  were  worked  separately  from  the  main  engines,  as 
were  the  feed  and  bilge  pumps,  and  also  in  addition  to 
the  main  engines,  the  blowers  for  fire  room,  ventilating 
fans  and  electrlc-llght  machinery  were  in  constant  use. 

The  main  engines,  it  is  believed,  will  develop  4,000  H. 
P.,  when  the  firemen  are  well  trained  In  their  work.  The 
fuel  used  was  New  River  (West  Virginia)  coal. 

The  engines  of  the  Chicago  have  had  the  usual  prelimin- 
arv  dock  trials,  the  results  of  which  have  not  yet  been 
officially  reported. 

VESSELS    FOR    HARBOR    DEFK.N'SK. 

Work  has  begun  on  the  completion  of  the  douhle-tur- 
reted  monitor  Miantonoiiioli  at  the  Brooklyn  Navy  Yard. 
It  is  said  that  there  will  be  no  cessation  of  work  until  the 
ship  is  ready  for  service. 

The  Board  to  consider  the  question  of  the  best  method 
of  expending  the  appropriation  made  by  Congress  for 
rams  or  vessels  for  harbor  defense,  has  held  several  meet- 
ings and  received  a  number  of  plans,  but  has  taken  no 
action  as  yet. 

OTHER   NEW    VESSELS   AND    GUNS. 

The  Board  appointed  to  estimate  the  cost  of  building 
the  new  armored  cruiser  on  the  plans  of  the  Barrow  Ship- 
building Company,  and  also  the  battle-ship  on  the  plans 
of  the  Navy  Department,  has  submitted  its  report.  It  is 
understood  that  the  Board  will  report  that  neither  ship 
can  be  completed  for  $2,000,000,  the  amount  appropriated 
by  Congress.  Further  action  on  the  part  of  that  body 
may  therefore  be  needed. 

It  is  said  that  the  armored  cruiser  will  be  built  at  the 
New  York  (Brooklyn)  Navy  Yard  and  the  battle-ship  at 
the  Norfolk  Yard. 

The  schedule  of  new  tools  needed  at  the  New  York 
and  Norfolk  yards  has  been  made  up,  and  bids  will  soon 
be  called  for. 

Active  work  Is  going  on  in  equipping  and  preparing  the 
new  shops  at  the  Washington  Navy  Yard  for  the  assem- 
bling and  finishing  of  steel  guns  of  large  size.  The  ma- 
chinery Includes  very  heavy  lathes  and  also  heavy  cranes 
for  handling  the  large  guns  and  heavy  masses  of  steel. 

The  94  Hotchkiss  guns  ordered  by  the  Navy  Depart- 
ment are  being  built  by  the  Pratt  &  Whitney  Company 
In  Hartford,  Conn.,  under  the  supervision  of  Mr.  E.  W. 
Very,  Agent  of  the  Hotchkiss  Co.npany. 
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At  the  Navy  Department,  September  20,  proposals  were 
opened  for  cast-steel  guns.  These  were  the  bids  received 
under  the  advertisement  of  the  Secretary,  of  June  23.  ex- 
tended July  20.  This  called  for  proposals  "  for  the  pur- 
chase an-l  completion  of  three  steel-cast,  rough-bored  and  j 
turned,  6-inch,  high-power  ride  cannon  of  domestic  manu- 
facture, one  of  which  shall  be  of  Bessemer  steel,  one  of 
open-hearth  steel  and  one  of  crucible  steel."  The  I'itts-  I 
burgh  Steel  Casting  Company  bid  for  the  Bessemer  gun. 
rough-bored  and  turned,  at  S.vjOO-  The  Standard  Steel 
Casting  Company,  Thurlow,  Pa.,  bid  for  the  open-hearth 
gun,  rough-bored  and  turned,  at  $5,300.  These  two  were  all 
the  bids  received.  A  condition  of  the  contract  is  that  no 
casting  shall  be  paid  for  until  the  gun  shall  have  been 
completed  and  successfully  stood  the  statutory  test. 

THE   DYNAMITE   GUN. 

.A  trial  was  made,  Sept.  15,  at  Fort  Lafayette,  New  York 
Harbor,  of  the  pneumatic  dynamite  gun  invented  by  Lieut. 
Zalinski.  The  condemned  Coast  Survey  schooner  Si7h'- 
maii  had  been  procured  as  a  target  and  was  anchored  at 
a  distance  of  i.gSo  yards  (i,'s  milei  from  the  fort.  After 
firing  two  empty  shells  to  get  the  range,  the  actual  trial 
began,  with  shells  loaded  each  with  55  lbs.  of  the  explo- 
sive. The  first  shell  struck  near  the  vessel,  e.xploded, 
and  a  jet  of  water  arose  in  the  air  at  least  60  ft.  As  it  fell, 
it  was  seen  that  the  Silliman  had  lost  one  of  her  masts, 
a  stump  of  the  once  solid  wood  testifying  to  the  vessel's 
bereavement.  The  wood-work  of  the  Silliiuan  was  seri- 
ously injured,  and  there  was  considerable  water  on  the 
deck  and  in  the  hold.  The  fittings  in  the  cabin  were 
thrown  into  horrible  confusion,  and  the  beginning  of  the 
end  had  come. 

The  fourth  shot  made  a  terrific  noise  as  it  e.xploded. 
and  the  spray  this  time  was  blackened  with  smoke  and 
interlarded  with  spars  and  small  pieces  of  wood.  When 
this  had  fallen,  one  glance  showed  that  the  work  had  been 
done.  The  Sillimati  was  no  more.  A  mast  stuck  up  in 
the  water  ;  the  remainder  of  the  vessel  had  sunk.  Pieces 
floated  around  everywhere.  The  projectile  struck  direct- 
ly under  the  middle  of  the  hull  and  lifted  it  bodily  from 
the  water.  The  Siltiman's  water  tank  was  carried  from 
the  hold  up  through  the  deck  and  rested  on  the  top  of  the 
wreckage.  The  stump  of  the  mainmast  directly  in  front 
of  it  was  smashed  completely. 

The  trial  was  concluded  by  firing  two  more  shots.  The 
fifth  shot  struck  the  wreckage  that  was  sticking  up  in  the 
water  and  cleared  away  a  large  amount  of  debris,  making 
a  loud  noise.  The  sixth  shot  was  simply  to  show  that  the 
projectile  could  hit  exactly  the  same  spot  it  had  pre- 
viously touched.  It  would  have  struck  the  Silliman  in 
the  same  place  that  the  third  shot  struck  if  the  ruined 
vessel  had  not  drifted  20  yards  down  the  bay.  As  it  was 
it  exploded  under  the  water  astern  of  the  wreck. 

The  air  pressure  used  by  Lieutenant  Zalinski  in  the  first 
four  shots  was  600  lbs.,  but,  though  they  were  successful 
in  their  work,  they  fell  slightly  short  of  what  he  had 
calculated.  In  the  last  two  shots  he  raised  the  pressure 
to  607  lbs.,  which  would  have  sent  the  projectiles  right 
into  the  center  of  the  vessel.  Every  one  of  the  projectiles 
would  have  landed  on  the  deck  of  any  ordinary  sized  ves- 
sel. 

The  trial  was  witnessed  by  a  number  of  naval  and  army 
officers  and  some  other  invited  guests.  Three  Zalinski 
guns  will  be  mounted  on  a  gunboat  now  building  in  Phila- 
delphia, for  which  a  special  appropriation  was  made. 

OLD   SHIPS   CONDEMNED. 

The  old  w^ar-ship  Tfimessee  was  sold  at  auction  at  the 
New  York  Yard,  September  15.  and  brought  834.425-  She 
is  to  be  cut  down  and  end  her  days  usefully,  if  inglori- 
ously.  as  a  coal  barge  on  Long  Island  Sound.  When 
built  in  1S65.  just  at  the  close  of  the  war,  the  Tennessee  was 
known  as  the  Madaiuaska.  She  made  a  short  trip  under 
that  name  to  the  West  Indies,  after  which  she  took  her 
present  title.  She  is  of  3,200  tonnage  and  carried  a  bat-  j 
tery  of  sixteen  g-in.  smooth-bore  guns,  four  8-in.  breech-  j 
loading  rifles  and  one  i  i-in.  rifle  gun.  1 

Her  first  long  cruise  abroad  was  as  flagship  of  the  East    | 
India  squadron.     But  for  the  greater  part  of  her  commis- 


sioned life  the  re/www?  served  as  flagship  of  the  North 
Atlantic  Squadron,  having  carried  the  pennants  of  Kear 
Admirals  Wyman,  Cooper,  Jouett  and  Luce. 


The  Chinese  Navy. 

(From  the  London    Tim.s.) 

The  five  vessels  under  Admiral  Lang's  command,  now 
about  to  leave  Europe  for  China,  are  a  formidable  install- 
ment of  the  "bolts  and  bars"  of  the  Chinese  Empire, 
which  the  Marquis  Tsi'ng  on  a  historical  occasion  said 
must  precede  all  internal  reform  in  that  country. 

The  fleet  is  composed  of  two  ships  built  at  Elswick, 
two  at  Stettin  and  a  torpedo  boat  built  by  Yarrows.  The 
two  English  vessels  are  the  Chih  Yuan  and  the  Ching 
Yiian,  and  are  of  the  swift  protected  cruiser  class.  They 
were  designed  by  order  of  the  Marquis  Tseng,  by  Mr.  W. 
H.  White,  then  naval  constructor  to  Armstrong,  Mitchell 
&  Co.,  but  their  construction  has  been  carried  out  mainly 
under  the  superintendence  of  Liu  Ta-jen,  the  present 
Chinese  Minister.  Their  displacement  is  2,300  tons  ;  the 
length  is  26S  ft.,  breath  38  ft.  and  depth  from  the  main 
deck  to  the  keel  molded  21  ft.  The  draft  forward  is 
14  ft.,  and  aft  16  ft. 

Each  vessel  has  two  pairs  of  triple-expansion  engines, 
by  the  eminent  firm,  Messrs.  Huinphrys,  Tennant  &  Co. 
Both  the  engine  and  boiler  rooms  are  divided  into  water- 
tight compartments  by  transverse  and  longitudinal  bulk- 
heads, and  the  machinery  is  so  arranged  that  either  boiler 
can  work  on  either  engine  or  on  both,  and  the  change 
necessary  to  effect  this  can  be  carried  out  while  the  vessel 
is  in  motion.  The  consequence  of  this  intercommu- 
nication between  each  engine  and  each  boiler  is  that  the 
vessel  can  proceed  so  long  as  any  single  boiler  and  any 
single  engine  are  uninjured. 

In  the  four  trial  trips,  two  with  and  two  against  the 
tide,  with  all  their  weights,  armament  and  Chinese  crews 
on  board,  they  attained  an  average  speed  of  18.536  knots. 

The  crews,  it  should  be  mentioned,  have  been  lying  in 
Newcastle  for  the  past  two  months  or  more,  and  their 
orderly  conduct  has  been  the  subject  of  encomium. 
They  seem  smart,  sailorlike  and  well  cared  for,  and  they 
apparently  have  the  sailor's  capacity  of  finding  friends 
ever\-where. 

The  material  of  the  vessels  is  steel ;  there  are  two  decks, 
the  lower  one  being  of  the  turtle- back  description,  and 
consisting  of  4-in.  steel  plates,  rising  in  the  middle  above 
the  waterline  and  inclined  at  the  sides  so  as  to  dip  some 
feet  below  it.  The  engines,  magazines,  rudderhead,  steer- 
ing gear  and  all  the  important  parts  of  the  vessel  are  con- 
tained below  and  are  protected  by  this  deck.  The  open- 
ings in  the  deck  are  encircled  by  cofferdams,  protected  by 
steel  plates,  inclined  so  as  to  deflect  the  shot.  The  bows 
are  formed  and  strengthened  for  ramming  purposes. 
Additional  protection  is  given  to  the  vessel  by  the  method 
o;  carrying  the  coals. 

Placed  on  the  turtle  deck  and  running  parallel  to  the 
sides  of  the  vessel  for  the  greater  part  of  its  length  is  a 
partition,  enclosing  a  space  between  itself  and  the  side. 
This  space  is  subdivided  into  a  great  number  of  water- 
tight compartments  for  the  reception  of  coal  or  patent 
fuel.  An  additional  protection  of  a  layer  of  coal  about 
S  ft.  in  thickness  all  round  is  thus  given  to  the  vessels. 
The  bunker  accommodation  is  450  tons.  Both  ships  have 
double  bottoms,  which  it  is  unusual  to  find  in  vessels  of 
this  size,  although  their  advantages  to  all  ships,  and 
more  especially  to  war  vessels,  are  obvious.  The  space* 
between  the  two  bottoms  is  divided  into  numerous  water- 
tight compartments. 

The  armament  consists  of  three  21-centimeter  Krupp 
guns,  two  6-in.  Armstrongs,  eight  6-pounder,  rapid-firing 
Hotchkiss  guns  and  six  Catlings.  Of  the  Krupps  two, 
which  are  placed  in  the  bows,  are  mounted  on  Vavasseur 
carriages,  on  revolving  platforms,  protected  by  splinter- 
proof  shields,  and  one,  which  is  in  the  stern,  is  also  placed 
on  a  Vavasseur  carriage,  revolving  on  a  center  pivot.  In 
both  cases  the  guns  are  moved  by  means  of  hydraulic 
machinerv.     The  Armstrongs   likewise  move  on  center- 


465 


THE     RAILROAD    AND 


[October,  1887 


pivot  Vavasseur  carriages,  and  are  placed  on  sponsons  at 
the  side  of  the  vessel  so  as  to  allow  o(  the  training  of  the 
guns  over  a  very  large  arc,  about  160  degrees.  These 
likewise  are  protected  by  2-in.  steel-plate  splinter-proof 
shields. 

The  torpedo  armament  consists  of  four  above-water 
torpedo  guns— one  fi.xed  in  the  bow,  firing  right  ahead, 
one  right  astern,  and  two  training  guns  are  fi.xed  in  each 
broadside  forward. 

There  are  two  electric  search  lights  for  each  vessel,  of  a 
nominal  power  of  25.000  candles,  while  the  cabins  and 
rest  of  the  ship  are  lighted  with  incandescent  lamps. 

Hach  has  two  mainmasts,  with  military  tops,  four  yards, 
fore  and  aft  sails.  Each  has  likewise  a  conning  tower  of 
3-in.  steel  plates,  from  which  the  working  of  the  ship's 
guns  and  torpedoes  can  be  directed.  An  important 
addition  is  an  armor- plated  tower  for  the  protec- 
tion of  the  signalman,  which  was  suggested  by  Admiral 
Lang. 

The  guns  are  provided  with  converging  fire  apparatus. 
so  that  they  can  be  fired  singh'  or  simultaneously.  The 
steering  gear  is  hand  and  hydraulic.  The  equipment  is 
exceedingly  ample  in  every  respect  and  has  rarely,  if  ever, 
been  equalled  by  that  of  any  ship  built  in  this  country. 
Lord  Armstrong  and  Captain  Noble  have  put  out  all 
their  energies  in  their  respective  spheres  to  make  these 
vessels  perfect  as  far  as  human  skill  and  labor  can  per- 
fect them. 

The  torpedo  boat,  as  has  been  mentioned,  was  built  by 
Yarrows,  under  a  contract  with  Messrs.  John  Birch  &  Co.. 
of  Liverpool,  and  it  is  said  to  be  the  fastest  of  its  size  that 
has  ever  been  launched,  ft  has  reached  the  great  speed 
of  about  28  miles  an  hour.  It  is  armed  with  two  fixed 
14-in.  torpedo  guns  in  the  bows  and  one  14-in.  training 
gun  on  deck,  abaft  the  funnel.  It  is  also  supplied  with  a 
powerful  armament  of  Hotchkiss  and  Gatling  guns  and  a 
strong  electric  light  so  arranged  as  to  be  worked  either 
from  the  conning  tower  or  from  the  deck,  where  it  can  be 
moved  from  side  t(i  side  by  means  of  rails.  The  light  is 
also  interchangeable  in  the  conning  tower  with  a  Hotch- 
kiss gun. 

The  two  vessels  built  in  Stettin  by  the  Vulcan  Ship- 
building Company,  are  of  the  class  of  armored  cruisers. 
Their  speed  is  under  16  knots.  They  are  armed  with  two 
21-centimeter  Krupp  guns  in  the  bows,  mounted  fit  bar- 
bette and  encircled  by  an  armor-plated  breastwork.  These 
have  also  two  Ti-in.  Krupps.  so  that,  although  larger  than 
the  Armstron.g  vessels,  they  have  one  21-centimeter 
Krupp  gun  less  than  the  latter.  Their  names  are  the 
Khif;  Yiiaii  and  the  Lai  Yiiaii,  and  their  details  were  fre- 
quently altered  during  the  course  of  construction. 

This  squadron  of  two  armored  cruisers,  two  swift  pro- 
tected cruisers  and  a  torpedo  boat  is  commanded  by 
Admiral  Lang,  the  oflicer  to  whom  the  Chinese  Navy  is 
indebted  for  the  greater  part  of  the  efficiency  it  possesses. 
■\s  he  is  an  officer  of  the  Royal  Navy,  in  which  he  holds 
the  rank  of  Captain,  he  is  lent  by  the  Admiralty  to  the 
Chinese  Government,  and  nothing  could  demonstrate  more 
clearly  the  desire  of  the  British  Government  that  China 
should  have  a  strong  and  efficient  navy  than  the  loan  of 
an  officer  so  able,  energetic  and  intelligent.  Admiral 
Lang's  value  is  well-known  to  the  Chinese,  and  especially 
to  Li  Hung  Chang,  for,  when  he  thought  it  his  duty  to 
resign  his  post  on  the  outbreak  of  the  Franco-Chinese 
war,  and  his  place  was  taken  by  a  German  officer,  he  was 
welcomed  back  with  open  arms  on  the  conlusion  of 
peace. 

Several  retired  afficers  of  the  Royal  Navy  have  been 
employed  to  aid  in  navigating  the  squadron  out  to  China, 
but  each  vessel  is  <:ommanded  by  a  Chinese  officer  who 
has  passed  through  the  Naval  College  at  Greenwich  and 
has  served  in  one  of  Her  Majesty's  iron-clads.  It  should 
be  added  that  the  completeness  of  the  armament  and 
equipment  of  the  squadron  is  largely  due  to  the  support 
and  co-operation  \(hich  the  Ministers  in  London  and 
Berlin  received  from  Li  Hung  Chang,  who.  in  his  capacity 
of  Vice-President  and  principal  practical  head  of  the  new 
Board  of  Admiralty  in  Pekin.  had  naturally  a  prepond- 
erating influence  in  all  questions  connected  with  the  ex- 
penditure on  the  ships. 


Electric   Light  for  the  New  Cruisers. 


by  Li, 


The  question  of  how  to  best  install  the  electric  lights  in 
the  new  men-of-war  has  been  considered  in  detail,  and  it 
seemed  advisable  to  bring  the  matter  before  the  National 
Electric  Light  Association,  that  the  manufacturers  of  the 
country  might  have  the  problem  presented  to  their  con- 
sideration in  advance  of  the  lime  when  they  would  be 
asked  to  act  upon  it.  In  conversation  with  managers  of 
various  companies,  it  has  been  impressed  on  my  mind 
that  the  peculiar  conditions  existing  on  shipboard  are  but 
imperfectly  understood,  and  as  a  natural  consequence  they 
have  not  as  yet  been  as  satisfactorily  met  in  this  country 
as  abroad.  I  am  confident  that  American  ingenuity  and 
skill  can  fully  meet  our  requirements,  and  hope  thai  the 
number  of  dynamos,  about  60.  which  will  be  needed  for 
the  vessels  already  authorized  by  Congress,  may  be  cori- 
sidered  as  meriting  the  experiments  necessary  for  their 
successful  installation. 

I  am  authorized  to  present  in  a  general  way  the  views 
of  the  Bureau  of  Ordnance  of  the  Navy  Department  on 
the  peculiar  conditions  to  be  met,  and  on  the  best  method 
of  meeting  them. 

In  men-of-war  the  prime  requirements  of  all  kinds  of 
apparatus  are  compactness  and  lightness.  Neither  of 
these  is  of  any  material  consequence  in  electric-light 
installations  on  shore,  and  both  are  generally  igiiored. 
Attention  has  there  been  given  mainly  to  the  question  of 
efficiency  of  conversion,  and  a  glance  at  the  advertising 
columns  of  any  of  the  electrical  journals  shows  that  the 
maximum  efficiency  and  best  system  of  electric  lighting  is 
possessed  by  each  of  a  dozen  companies.  Our  conditions, 
so  far  as  the  dynamo  is  concerned,  may  be  summarized  as 
wishing  the  greatest  electrical  output  for  a  given  weight 
and  bulk,  and  although  at  first  thought  this  may  seem  to 
be  essentially  the  same  thing  as  efficiency  of  conversion, 
it  is  widely  dififerent. 

The  following  figures  of  well-known  American  dynamos 
illustrate  this  point.  The  comparison  is  made  on  the  basis 
of  "  watts  of  output  per  pound  of  dynamo."  The  weight, 
speed  and  electrical  output  have  been  obtained  in  general 
from  the  manufacturers,  and  are  given,  of  course,  only  ap- 
proximately. In  this  comparison  it  is,  of  course,  neces- 
sary to  consider  also  the  sizes  and  the  number  of  revolu- 
tions, the  watts  per  pound  increasing  with  large  machines 
and  high  velocities.  (Table  1)  : 
Table  I. 


DVN.AMO. 

Revolu- 

Watts  in  ex- 
ternal circuit. 

Watts  per 

Edison.  No.  ^,-.       , 
Brush,  11 

Amerir.in,    ..-l,-l.i 

West,i„l,..iis.  ,  \,. 

Hochh.iusrn.   \,.. 

Mallu-i,  .  .    I.i-lils           

800 
850 
875 
900 

i!o5o 
1.050 

1.075 

iiiooo 

iilsoo 

I2,C0O 

12,500 
13,000 
14,000 

15,000 

50,000 
66,000 

2.,600 

3S.=°o 
35.250 

6.0 
9.4 
5-7 

\x 

7-4 

28,300                 9-3 
6,480                 4.8 
20,125                 6-S 
18.000                 4.0 
.9,000         1         8.5 
25.600                 6.1 
30,000                  6.9 
17,600         1         8.0 
I3,=oo                 5-8 
,8,.oo                7.0 
20,000        1        6.9 
6,000        ,        5.6 

Amen.  .III.  11.  1  ii^lii,  llif 

Wesii.ri    -  W    1 

WestiiiflR.use.  Nu,  i;.- 

Brush,  1".  s 

Thomson-Houston,  H.I 

Thomson- Houston,  E.  ] 

Edison   No  8          i W' 

Thomson-Houston,  "C.  I . . .     

The  next  consideration  is  that  of  the  connection  of  the 
dynamo  to  its  engine.  .-^  starting  point  is  alTorded  in  the 
rule  that  belting  should  never  be  used  on  a  sea-going 
vessel.  Nothing  so  radically  violates  our  condition  of 
economy  of  space  as  the  use  of  belting.  When  space  is 
saved  by  the  use  of  a  short  belt,  the  working  conditions 
are  comparatively  unsatisfactory.  Belts  are  liable  to  be 
thrown  oflf  by  the  sudden  change  of  load  to  which  our 
dynamos  are  subject,  and  become  a  source  of  danger  to 
the  attendants  if  the  ship  is  rolling  heavily.  The  adoption 
of  friction  gearing  between  engine  and  dynamos  has  been 
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suggested,  and  is  probably  practicable,  but  its  durability 
on  shipboard,  when  llic  motion  of  the  vessel  must  canst- 
working  of  the  two  shafts,  may  not  be  great.  In  the 
navies  of  Europe,  tlic  practice  of  direct  connection  Is 
universal,  the  dynamo  sliaft  being  coupled  to  that  of  the 
engine.  This  calls,  of  course,  for  either  a  great  reduction 
of  the  speed  of  the  dynamo,  or  a  corresponding  increase 
of  that  of  the  engine.  It  is  easy  enough  to  procure  an 
engine  nmning  1,500  revolutions  per  minute,  but  it  is  a 
very  dilTerent  matter  to  fmd  one  which  will  go/ern  satis- 
factorily at  so  high  a  speed.  So  far  as  I  can  ascertain 
there  is  no  automatic  engine  manufactured  in  the  United 
States  capable  of  indicating  30  H.  P.  which  is  designed 
for  a  higher  speed  than  400.  1  have  been  informed,  how- 
ever, that  some  of  the  type  now  in  the  market  could  be 
modified  so  as  to  operate  well  at  500.  I  am  not  aware  of 
any  dynamo  in  the  United  .Stales  absorbing  30  H.  P.  which 
would  yield  its  normal  output  at  even  the  higher  speed. 
It  is  much  easier  to  reduce  the  speed  of  the  dynamo, 
while  preserving  its  electrical  output,  than  to  raise  the 
speed  of  the  engine.  Admitting  the  desirability  of  direct 
connection  on  shipboard,  the  problem  proposed  is  the 
best  method  of  obtaining  the  same  output,  in  watts  per 
pound,  at  speeds  below  500,  that  are  now  commonly  ob- 
tained between  1,000  and  1,500, 

The  folio Afing  figures  of  European  dynamos,  obtained  in 
the  same  way  as  those  already  given  for  American  ma- 
chines and  probably  equally  accurate,  will  show  how  this 
problem  has  been  met  abroad,     (Table  II)  : 

Table  II. 


Dynamo. 

Revolu- 
tions. 

Watts  in  ex- 
ternal circuit. 

Tound'"." 

Manchester,  No.  6.... 

36,000 
16,000 
■6,800 

2i;6oo 
20,000 
39,600 
23,600 

24,750 
25.000 

14,000 
50,400 
66,000 

•6 

Victoria,  H.  3  

350 

tl 

Edison-Hopkinson,  10  in  L 

Manchester,  No.  7 

35° 

:i 

Victoria,  F.3 

Siemens  &  rfalske 

Edison-Hopkinson,  15  in  S 

400 

8.6 

Gramme,  H.  2d  253 

450 

i:' 

6.7 

3-3 
4-7 

6.75 

6.7 
6.4 
9.2 
9.8 

r  mpton.  ^^^  ^   

Manchester,  No.  s.'. 52s 

S-o 

Edison-Hopkinson,  10  in  L 

Victoria,  D2S 

Gramme,  H.  I.  c  200 

55° 

f                    60 

....1  z 

It  is  necessary  to  only  refer  incidentally  to  a  few  of  the 
methods  by  which  these  results  have  been  obtained.  The 
principal  are  the  elimination  of  all  iron  not  needed  for  the 
magnetic  circuit  of  the  dynamo,  and  the  adoption  of  a 
type  in  which  the  circuit  furnishes  a  framework  of  neces- 
sary rigidity.  The  magnet  core  should  be  of  the  best 
wrought-iron,  this  single  condition  frequently  reducing 
the  weight  25  per  cent.,  while  preserving  the  output.  Ar- 
matures of  large  diameter  give  high  peripheral  velocity  at 
low  speed,  and  this  seems  to  recommend  the  Gramme  ring, 
a  large  drum  armature  being  cumbersome.  The  Gramme 
form  has  another  advantage  for  ships'  use.  that  it  can  be 
repaired  or  even  re-wound  with  the  facilities  existing  on 
shipboard,  although  1  believe  a  Siemens  winding  has  re- 
cently been  perfected  which  admits  of  equal  facility  of 
repairs.  The  use  of  multipolar  machines  contributes  to 
lightness,  and  the  Siemens  &  Halske  machine  referred  to 
in  the  preceding  table  has  four  field  magnets  inside  a 
Gramme  ring.  Flattened  ring  armatures  and  multipolar 
magnets  also  give  large  output  for  the  weight. 

Every  ship,  aboard  which  the  electric  light  is  a  neces- 
sity, should  have  two  similar  dynamos,  that  either  may  be 
used  at  will.  At  present,  this  precaution  is  not  observed 
in  the  Navy.  The  lighting  of  the  ships  by  incandescent 
lamps  is  under  the  control  of  the  Bureau  of  Navigation, 
and  the  installation  for  this  purpose  consists  of  an  ordinary 


|)lant  of  an  engine  driving  a  dynamo  by  belting.  The 
electric  search  lights,  two  of  which  are  furnished  to  each 
large  vessel,  are  supplied  by  the  Bureau  of  Ordnance,  the 
installation  for  this  purpose  consisting  of  a  Brotherhood 
engine  driving  two  "  C  '  Grammes  connected  direct  on 
the  same  bed-plate.  In  case  of  accident,  the  incandescent 
dynamo  will  not  work  the  search  lights  to  advantage,  nor 
will  the  Grammes  operate  the  incandescent  lights  well. 
This  is.  of  course,  most  unsatisfactory,  and  the  need  of  the 
service  is  for  a  dynamo  which  will  perform  either  work 
well,  and,  if  necessary,  both  at  once.  Our  search  lights 
require  about  50  volts  and  50  amperes  for  ordinary  work, 
the  current  being  sometimes  increased  to  100.  The  lamp 
is  operated  by  hand  in  order  to  fully  utilize  the  radiation 
from  the  crater  of  the  positive  carbon.  The  hand  lamp 
and  Mangin  projector  are  in  use  in  nearly  every  navy  in 
the  world,  for  projecting  a  condensed  beam  of  light  to  a 
distance.  Automatic  lamps  do  not  admit  of  continuous 
adjustmL-nts  as  readily  as  the  hand  lamp,  and  are  not  so 
thoroughly  under  the  control  of  the  operator.  In  any 
searchlights  the  arc  may-sometimes  fail,  and  it  is  some- 
times advisable  to  cut  the  lights  out  without  notice.  Large 
and  sudden  variations  of  load  are  thus  liable  to  occur,  and 
these  should  not  affect  the  dynamo.  It  is  unquestionable 
that  incandescent  lights  can  be  worked  from  a  series  dy- 
namo, and  search  lights  operated  by  a  shunt  machine,  but 
most  of  these  proceedings  are  makeshifts.  It  is  undeni- 
able that  both  search  lights  and  incandescent  lights  can 
be  worked  satisfactorily  by  a  compound  dynamo.  I  have 
been  called  upon  to  work  all  these  kinds  ot  dynamos  for 
)  each  purpose,  and  the  compound  dynamo  works  incandes- 
cent lights  as  well  as  the  shunt  machine  and  search  lights 
better  than  does  the  series  machine  applied  for  the  pur- 
pose; I  have  also  worked  2  search  lights  and  50  incan- 
descent lights  simultaneously  from  one  compound  dyna- 
mo. Each  search  light  had  three  tenths  of  an  ohm  dead 
resistance  in  circuit  to  bring  the  difference  of  potential 
down  to  about  50  volts.  There  is  nothing  new  in  this,  but 
I  have  so  frequently  been  asked  what  advantage  the  com- 
pound dynamo  possessed,  that  1  have  trespassed  somewhat 
on  the  time  of  tlie  Convention  to  give  reasons  for  the 
opinion  that  all  naval  dynamos  should  be  compound  wound 
for  a  constant  potential. 

It  is  probable  that  many  fine  new  vessels  will  require 
electric  motors.  Some  of  our  gun  carriages  may  be  worked 
in  this  way,  on  account  of  the  advantages  that  an  electric 
motor  offers  in  small  weight  and  bulk,  and  in  the  import- 
ant fact  that  it  is  so  much  easier  to  splice  a  broken  main 
than  to  patch  a  leaky  pipe  when  steam  or  compressed  air 
is  used  for  power.  Electric  motors  will  be  useful  for  shell 
hoists  and  ammunition  whips,  reducing  the  number  of  men 
employed  for  these  purposes.  Here,  also,  light  weight  and 
,  compactness  are  absolutely  essential,  and  nine  tenths  of 
the  motors  in  commercial  use  would  be  barred  out  as  too 
heavy.  A  10  H.  P.  motor,  the  largest  we  would  probably 
use.  should  not  weigh  over  500  lbs. 

The  potential  at  which  the  main  should  be  kept  must 
be  determined  from  the  relative  importance  of  the  three 
uses  to  which  our  dynamos  will  be  put.  .-Xs  we  are  not 
bothered  by  the  question  of  long-distance  transmission, 
we  can  well  use  a  low  potential  for  incandescent  lights 
and  motors,  while  search  lights  require  only  50  volts, 
although  it  is  advantageous  with  any  dynamo  to  have  a 
little  dead  resistance  in  the  search-light  circuit.  For  these 
reasons  I  think  70  volts  is  about  the  best  point  for  a  com- 
promise. This  is  the  voltage  used  in  the  French  Navy, 
the  English  working  at  So.  If  two  search  lights  can  be 
successfully  worked  in  series,  the  potential  at  the  dynamo 
might  advantageously  be  raised  to  no  or  even  120  volts. 
Experiments  have  been  made  to  test  this  point,  but  it  is 
not  decided  as  yet.  Should  there,  however,  be  any  ma- 
terial advantages  secured  in  the  working  of  either  incan- 
descent lights  or  motors  by  the  use  of  a  high  potential,  the 
search  lights  could  be  operated  with  sufficient  resistance 
to  give  them  their  proper  potential. 

The  same  requirements  of  small  bulk  and  weight  must 
control  in  the  choice  of  engines.  The  adoption  of  a  com- 
pound dynamo  throws  extra  responsibility  on  the  engine, 
as  without  constant  speed  the  advantages  of  the  dynamo 
are  not  apparent.     American  automatic  engines  can  easily 
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meet  this  demand,  but  most  of  them  are  too  heavy,  rigid- 
ity of  frame  being  secured  by  the  use  of  unnecessarily 
large  masses  of  cast-iron.  One  hundred  pounds  weight 
per  I.  H.  P.,  with  80  lbs. steam,  is  a  liberal  allowance.  In 
many  European  engines  steel  and  phosphor-bronze  have 
been  largely  used  to  obtain  lightness. 

It  may  be  interesting  to  compare  a  few  well-known  dy- 
namos as  to  compactness,  the  comparison  lieing  made 
watts  of  output  per  square  inch  of  floor-space.  (Table 
III): 

Tahlk  III. 


Manchester,  No.  6 

Edison-Hopkinson,  10  in  L. 

Manchester.  No.  7 

Edison-Hopkinson,  15  in  S. . 
Crompton,     '*"       

Edison-Hopkinson,  8  in  I 

Manchester,  No.  5 

Gam 

Crompton,  -^  


Edison,  No.  20 

Brush,  H  = 

Wesiinghouse,  No.  1 
Hochhausen.  No.  3. 

Mather,  500  Lt 

Weston,  6  W.  I      .   . 


Weston, 
Westingl 
Brush, 


Thorason-Ho 


Hochhausen,  No.  6 

Thomson. Houston,  E.  1. 
Mather,  400- Light 


Thomson-Houston,  C. 


35.250 
11,500 
28,300 


The  preceding  show  a  general  average  of  :iboui  40  lbs. 
(lead  weight  of  dynamo  and  engine  for  each  16-candlc 
lamp,  whether  high  or  low-speed  dynamos  are  used.  In 
the  following  tables  special  attention  has  been  paid  to  the 
manufacture  of  light  and  compact  apparatus. 

As  illustrating  the  advantages  of  direct  connection  in 
economy  of  floor-space  and  also  of  weight  when  care  is 
taken,  I  give  a  few  statistics  of  ship  installations  in  Tables 
1 V  and  V  (these  tables  will  be  found  below,  on  this  page). 

It  is  noticeable  abroad  that,  with  the  type  of  slow-speed 
dynamos  established  in  the  markets,  the  system  of  direct 
connection  is  adopted  in  many  isolated  plants  on  shore. 
The  tendency  throughout  Europe  is  to  reduce  the  speed 
of  dynamos,  preserving  the  electrical  output  by  a  careful 
study  of  details.  Few  recent  machines  built  abroad  are 
designed  tor  higher  speeds  than  Soo,  while  an  American 
company  operating  at  and  above  S50  advertises  slow  speed 
as  one  of  the  advantages  of  its  dynamos. 

In  this  country  the  naval  demand  for  slow-speed  dyna- 
mos will  be  comparatively  small,  but  if  it  serve-:  to  intro- 
duce the  type  into  the  market,  I  am  satisfied  from  what 
has  taken  place  in  Europe  that  the  system  of  direct  con- 
nection will  create  a  field  for  itself,  as  soon  as  the  apparatus 
can  be  procured  without  the  heavy  e.xpense  attendant  on 
special  work.  It  recommends  itself  in  any  instal.ation 
where  either  weight  or  floor-space  is  to  be  economized. 
I  believe  it  can  be  successfully  used  and  utilized  in  light- 
ing railroad  trains,  especially  if.  in  the  near  future,  railroad 
companies  have  to  lurnish  steam  for  heating  purposes. 
Plants  could  be  furnished  small  steamers  and  yachts,  in 
which  a  common  installation  could  not  find  room. 

There  are  one  or  two  other  considerations  governing 
ships'  installations.  The  principal  one  is  the  absolute 
necessity  of  high  insulation.  The  Bureau  of  Navigation 
has,  in  its  recent  contracts,  called  for  an  insulation-resist- 
ance of  1,000  megohms  per  nautical  mile,  after  24  hours' 
immersion  in  salt  water. 


I  200  light  Brash  compound 

1  8-in.  Brotherhood 

t  Arnold  dynamo  (30  lights) 

I  Vertical  engine 

I  Goolden-Trotter  dynamo  (75  lights). 
I  Tower  engine 

I  Victoria  dvnamo  (60  tights) 

1  Brotherhood 

I  Parson's  dynamo  (150  lights) 

I  Parson's  steam  turbine 

(3  plants  like  above.  1 


>  sq.  ft. 


Torpedo  Station. 
Torpedo  Station. 


1 2  Edison  No.  8  (200  lights) 

|2  Armington  &  Sims 

1  Brush  compound  (150  lights) 

1 1  Straight  Line 

1 1  Weston,  7  W.  I.  (150  lights) 

It  Armington  &  Sims 

I  Siemens  compound  (160  lights) . . 

1  Willans's  engine 

2  plants  each 

1  multipolar  Gramme  (160  lights).. 
1  vertical  compound  engine 

I  Brush  No.  7  special  (100  lights). . 
ii  Westinghouse 

1 1  Weston  No.  8  special  {i-jo  lights). 
1 1  Westinghouse  automatic 


ISq.  in.  of  floor- 

j  space  per  i6c, 

lamps. 
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Lead  coverin;;  is  also  ie(|\iired  as  a  protection  at;ainst 
mechanical  injury.  We  are  soe.xposed  to  short  circuiting 
and  corrosion  (rom  sail  water  that  the  high  standard 
called  for  is  most  wise.  All  switches,  junctions  and  safety- 
boxes,  and  in  fact  all  parts  of  the  circuit,  should  be  thor- 
oughly insulated.  Difficulty  has  been  experienced  from 
salt  water  running  along  the  wires  into  lamp-sockets, 
short-circuiting  the  lamps.  The  insulation  of  the  whole 
circuit  is  sometimes  required  to  be  at  least  1 ,000  ohms  for 
each  volt  at  the  terminals  of  the  dynamo. 

In  marine  installations  we  need  measuring  instruments, 
both  ammeters  and  volt  meters,  which  are  independent 
of  both  gravity  and  magnetism.  We  want  some  kind  of 
an  instrument  like  a  dynamometer,  perhaps,  which  would 
be  independent  of  the  earth's  magnetism  and  would  not 
be  all'ected  by  the  local  magnetism  of  the  ship.  Another 
thing  which  is  necessary  is  the  independence  of  the  needle 
from  the  effect  of  the  rolling  of  the  ship.  This  has  been 
already  met  by  Sir  William  Thomson  in  his  marine  gal- 
vanometer, and,  1  think,  in  some  recent  instrumt  nts  which 
I  have  not  yet  seen.  The  simplest  way.  apparently,  is  to 
suspend  the  magnet  or  needle  by  a  suspension  which 
passes  through  its  center  of  gravity.  If  this  is  accurately 
done,  of  course  the  force  of  gravity  has  no  moment  to  act 
upon,  and  the  rolling  of  the  ship  does  not  affect  the 
needle  at  all. 


The  Brennan  Torpedo. 


(Kr. 


I  the  English  Nautrcai  Ma^a^i 


The  recent  experiments  at  Portsmouth  on  the  old  iron- 
clad Resislance.  and  the  results  of  the  trials  of  torpedo- 
boats  in  a  Channel  cruise,  have  had  the  effect  of  consider- 
ably discrediting  the  torpedo  as  a  weapon  in  naval  war- 
fare. 

It  therefore  comes  upon  us  almost  as  a  surprise,  that 
the  Government  has  bought  the  right  to  make  a  new 
torpedo  from  its  inventor  for  so  large  a  sum  as  ^110,000. 
There  is  at  least  some  satisfaction  inkn-<wing.  when  Im- 
perial and  colonial  matters  are  so  much  in  the  foreground, 
that  this  very  fortunate,  or  extremely  deserving  inventor 
is  an  Australian.  Mr.  Brennan's  torpedo  first  came  under 
the  notice  of  the  Admiral  in  command  of  the  Australian 
squadron  more  than  five  years  ago,  and  the  inventor  was 
induced  to  come  with  it  to  England. 

A  long  series  of  experiments  was  instituted,  most  of 
them  being  carried  out  at  Garrison  Point  Fort,  Sheerness, 
a  place  which  recommends  itself  as  having  a  large  extent 
of  water,  and  of  sands  at  a  distance  out  which  dry  at  low 
water  ;  also  as  being  a  very  retired  spot,  where  secrets 
would  be  tolerably  safe  from  the  prying  eyes  of  the  corre- 
spondents of  the  daily  press.  Mr.  Brennan  was  at  once 
awarded  ;/j5.ooo  for  his  invention  and  a  salary  of ;{,"  1,000  a 
year  while  necessary  to  complete  and  perfect  it  ;  and  now 
he  has  received  a  further  sum  of  £'100,000. 

The  submarine  mine  is  a  well-known  method  of  coast 
defense,  but  requires  the  protection  of  forts,  and  must  be 
fired  from  a  shore  station,  possessing  the  further  disad- 
vantage that  it  cannot  be  readily  moved.  The  engineers  in 
charge  of  it  have  to  wait  till  the  prey  comes  to  them.  The 
ordinary  fish-torpedo,  on  the  other  hand,  not  only  travels 
to  meet  the  enemy,  but  the  base  of  operations  is  also 
mobile.  It  may  be  started  from  a  ship,  from  a  small  boat, 
or  from  a  station  on  shore.  The  means  of  locomotion  are 
contained  in  the  torpedo  itself  ;  all  that  is  necessary  is  to 
drop  it  into  the  water,  and  set  it  going  in  the  direction  of 
the  enemy.  There  is  a  third  class  of  torpedo,  to  which  this 
new  one  belongs;  movable,  but  requiring  a  fixed  basis  of 
operations,  because  the  locomotive  power  is  not  contained 
in  the  torpedo  itself,  but  is  communicated  to  it  from  the 
shore.  Some  torpedos  of  this  class  are  moved  and  steered 
by  electricity,  but  the  one  which  has  now  been  purchased 
by  the  Government  is  worked  by  mechanical  power  com- 
municated by  a  wire.  The  system  of  propulsion  is  the 
chief  feature  in  which  it  difTers  from  all  other  inventions 
of  its  class;  but  it  will,  perhaps,  be  more  convenient  to 
refer  to  this  part  of  our  subject  last. 

The  present  Brennan  torpedo  is  25  ft.  long,  3  ft.  beam 
and  2  ft.  6  in.  depth;  its  weight  fully  equipped  is  25  cwt.. 


its  speed  20  miles  per  hour,  and  range  from  lyi  to  2  miles 

It  will  run  either  on  the  surface  or  at  any  desired  depth, 
and  the  depth  is  maintained  by  two  horizontal  rudders 
placed  at  the  bow,  which,  by  an  automatic  arrangement, 
depending  upon  the  water  pressure  at  any  given  depth, 
are  turned  up  or  down  or  kept  level,  as  may  be  necessary 
to  keep  the  torpedo  atthe  required  depth.  This  is  a  simi- 
lar arrangement  to  that  made  use  of  in  the  'Whitehead 
and  other  torpedoes.  The  ordinary  charge  is  200  lbs.  of 
gun  cotton. 

One  important  feature  is  the  means  adopted  to  indicate 
the  course  to  those  who  are  steering  the  torpedo  from  the 
shore.  At  first  a  flag  was  carried  along  by  it,  but  this  was 
found  to  detract  materially  from  the  speed,  and  the  me- 
thod now  used  is  to  have  a  chamber  filled  with  a  similar 
composition  to  that  used  in  the  well-known  Holmes' 
lights.  When  the  torpedo  is  launched,  water  enters  the 
chamber,  and  then,  throughout  the  run,  flames  and  smoke 
issuing  from  the  composition  indicate  the  course. 

The  Brennan  torpedo  is  steered  and  propelled  from  the 
shore,  and  the  real  merit  of  the  invention  consists  in  the 
way  in  which  this  is  done.  There  are  two  propellers,  one 
moved  by  a  solid  shaft,  and  one  by  a  hollow  shaft,  which 
encloses  and  runs  round  the  solid  shaft.  Each  shaft  is 
connected  with  a  large  drum,  the  drums  being  in  the  mid- 
ship compartment  of  the  torpedo,  and  having,  when  it 
starts,  a  large  quantity  of  wire  tightly  wound  round  each 
of  them.  "The  ends  of  the  two  wires  pass  out  at  the  top  of 
the  torpedo,  and  overguides  placed  at  its  after  end  and  run- 
ning ashore  are  attached  to  a  winding  machine,  whose 
rapid  revolutions  pull  in  the  wires  and  turn  the  drums  in  the 
torpedo,  thus  turning  the  propellers,  by  means  of  which 
the  vessel  is  driven  at  such  a  speed  as  to  overcome  the 
tension  of  the  wire  itself,  and,  further,  to  travel  through 
the  water  at  a  rate  of  20  miles  per  hour.  The  drums 
turn  always  in  one  direction,  but  one  of  the  shafts  has  gear 
attached  to  it,  which  causes  the  propeller  belonging  to  it 
to  revolve  always  in  the  contrary  direction.  One  propeller 
>  always  turns  from  right  to  left,  the  other  always  from  left 
to  right.  This  arrangement  tends  to  keep  the  torpedo  in 
a  straight  course.  It  can,  however,  be  steered,  and  this  is 
done  by  means  of  two  rudders — one  on  each  side.  By  an 
exceedingly  ingenious  arrangement,  which  we  are  not  able 
to  describe  in  the  space  at  our  disposal,  it  is  provided  that 
when  both  propellers  are  turning  at  the  same  rate,  both  rud- 
ders are  inoperative.  If,  however,  one  of  the  propellers  is 
slacked,  the  starboard  rudder  comes  into  play,  and  similarly 
with  the  other.  It  is  thus  in  the  power  of  the  party  onshore, 
in  charge  of  the  winding  machine,  to  steer  the  Brennan  tor- 
pedo, but  it  can  only  be  steered  from  its  first  course  30  to 
40  degrees  either  to  port  or  starboard,  and  it  cannot  be 
turned  round.  We  cannot  but  consider  the  latteramost 
serious  drawback  in  a  torpedo  actuated  from  a  fixed  base. 
The  Brennan  torpedo  is  driven  by  a  pair  of  engines  on 
shore,  running  at  great  speed  and  capable  of  working  up  to 
100  H.  P.  The  great  speed  of  the  torpedo  is  partly  owing 
to  its  form,  which  is  that  of  least  resistance  forsubmarine 
propulsion. 

It  is  claimed  for  it  that  it  will  be  less  expensive  than  the 
Whitehead  torpedo,  as  the  machinery  is  on  shore,  and, 
consequently,  the  fish-torpedo  itself,  which  is  necessarily 
lost  when  used,  is  comparatively  inexpensive.  Against 
these  advantages,  however,  must  be  put  the  great  draw- 
back that  it  can  only  be  used  from  a  base  ashore  in  a  fort, 
and  by  means  of  a  heavy,  fixed  engine.  It  is  certainly 
most  difficult  to  understand  the  lavish  generosity  of  the 
War  Office  in  paying  /joo.ooo  to  its  fortunate  inventor. 


Triple-Expansion  Engines. 

(From  the  Nautical  Magazine.') 

Thirteen  years  have  elapsed  since  a  triple-expansion 
engine  was  fitted  on  board  the  steamer  Proponti's,  and 
although  it  is  true  that,  during  the  seven  years  following 
that  event,  no  other  cargo  steamer  was  similarly  fitted, 
still  there  has  been  sufficient  experience  to  enable  those 
immediately  conversant  with  the  working  and  building 
of  this  ne\v  type  of  engines  to  come  to  a  decision  as  to 
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the   practical  value  of  this  recent  departure   in  marine 
engineering.  ; 

The  latest  contribution  to  technical  literature  on  the 
question  of  triple-expansion  engines  is  a  paper  read  be- 
fore the  Northeast  Coast  Institution  of  Knginecrs  ct  Ship- 
builders, by  Mr.  J.  P.  Hall.  Manager  of  the  engineering 
department  of  Palmer's  Shipbuilding  &  Iron  Co.,  Limited, 
Jarro\v-on-Tyne.  and  it  is  well  worthy  of  consideration. 
In  the  outset,  Mr.  Hall  presents  five  queries  : 
First :  Can  triple-compound  engines,  with  three  cranks, 
be  made  to  indicate  the  same  power  as  the  ordinary 
double  compound,  and  only  to  occupy  the  same  space  in 
the  ship  ?  The  figures  addiiced  bv  Mr.  Hall  showed  that, 
in  many  cases,  a  greater  indicated  horse-power  has  been 
obtained  with  triple-e.xpansion  engines,  without  increas- 
ing the  length  of  the  machinery  space.  Sometimes  an 
engine-room  is  made  larger  than  absolutely  necessary, 
in  order  to  obtain  the  advantage  of  the  32  per  cent,  de- 
duction for  propelling  power  from  the  gro'ss  tonnage: 
but,  in  all  cases,  if  it  be  required,  the  engines  can  be  so 
designed  as  to  have  three  cranks,  and  to  attain  the  same 
power  as  in  a  steamer  of  the  same  size  having  compound 
engines. 

S.roiiti :  Can  the  same  indicated  horse-power  be  ob- 
tained without  increasing  the  total  weight  of  machinery? 
Elaborate  tables  have  been  prepared  by  Mr.  Hall,  bear- 
ing on  this  and  other  questions,  and  from  them  it  ap- 
peared that  from  450  to  460  lbs.  per  indicated  horse-power 
was  the  weight  of  triple-expansion  engines  and  boilers,  as 
against  480  lbs.  per  indicated  horse-power  for  compound 
engines.  This  reduced  weight  was  attributed  to  the 
smaller  boilers,  condensers,  pumps,  valves,  etc..  which  the 
higher  pressure  of  steam  permitted  to  be  used;  and, 
although,  in  the  after-discussion,  there  was  not  unanimity 
as  to  the  possibility  of  effecting  a  considerable  saving  of 
weight — in  triple-expansion  engines,  constructed  under 
ordinary  commercial  circumstances,  Mr.  Hall's  figures 
were  not  materially  affected. 

Third :  What  about  the  wear  and  tear  of  machmery  ; 
will  it  be  excessive  as  compared  with  the  ordinary  com- 
pound engine.'  It  is  satisfactory  to  learn  that  the  past 
experience  of  a  large  number  of  shipowning  firms  con- 
firms the  opinion  held  by  the  writer  of  the  paper,  that 
instead  of  there  being  excessive  wear  and  tear  with  triple- 
expansion  engines,  with  well  balanced  cranks,  there 
should  be  less.  Messrs.  Thos.  Wilson.  Sons  &  Co.,  of 
Hull,  who  were  one  of  the  first  firms  to  have  their 
steamers  fitted  with  triple-expansion  engines  and  have 
had  three  constantly  at  work  sinre  18S2,  state  that  out  of 
their  fleet  of  65  steamers,  the  least  costly  engines  to  main- 
tain is  a  set  of  triple-expansions. 

The  adoption  of  metallic  packing  for  piston-rods  and 
feed-pumps,  usual  with  many  engineering  i^rms,  and  which 
shipowners  should  insist  on,  tends  to  reduce  the  labor, 
cost  and  detention  consequent  on  the  use  of  the  com- 
moner kinds  of  packing,  which,  although  found  generally 
erticient  for  the  lower  pressure  of  steam  employed  in 
compound  engines,  are  not  good  enough  with  the  in- 
creased pressures  of  steam  now  in  vogue. 

Fourth :  Will  the  life  of  the  boiler  be  as  long  as  that  of 
those  loaded  to  80  or  90  lbs.  pressure? 

The  answer  to  this  question  has.  to  many  minds,  been 
highly  problematical,  but,  in  boilers  carelully  looked  after, 
it  appears  there  is  every  reason  to  expect  that  the  boilers 
used  with  triple-expansion  engines  will  last  longer  than 
those  of  a  lower  pressure.  This  is  due  to  various  causes, 
amongst  which  figure  the  adoption  of  steel  and  the  im- 
proved boiler-making  plant  and  mechanical  appliances 
now  used  by  all  first-class  firms  The  increased  super- 
vision of  the  manufacture  of  boilers  by  the  Surveyors  of 
Lloyd's  Register  and  other  interested  parties  has  also  not 
been  without  its  favorable  influence  on  the  quality  of 
workmanship  and  material.  Mr.  Hall's  views  on  this 
question  were  amply  corroborated  by  gentlemen  who 
have  frequently  to  examine  steel  boilers. 

Fifth:  Is  any  more  skill  required  in  looking  after  the 
machinery  and  boilers  at  sea  ? 

.\s  regards  the  engines,  the  answer  to  this  question  was 
in  the  negative  :  but,  as  regards  the  boilers,  it  was  stated 
the   feedwater   supply   should    be   sharply    looked    after. 


Many  failures,  by  the  collapsing  of  furnaces,  are  largely 
due  to  deposits  from  salt  water  causing  the  plates  to  be- 
come excessively  hot,  so  that,  whenever  possible,  fresh 
water  should  be  obtained.  The  waste  of  water  in  boilers 
of  high  pressure  should  be  reduced  to  a  minimum,  and 
scumming  and  blowing  down  should  be  avoided.  Mr.  Hall 
advocated  the  use  of  zinc  plates  and  a  daily  supply  of 
common  soda,  which  gives  a  slight  scale,  in  most  cases, 
and  protects  the  surface  of  the  steel  from  pitting.  The 
application  of  some  easy  and  simple  method  of  making 
on  the  voyage  the  required  amount  of  fresh  water  to 
meet  the  demands  of  waste,  etc.,  and  thfereby  reduce  the 
deposit  to  a  minimum  was  also  favorably  noticed. 

As  regards  coal  economy  in  respect  of  vessels  fitted 
with  triple-expansion  engines,  the  average  results  of 
vessels  built  by  six  firms  of  shipbuilders  and  manufac- 
turers of  engines  showed  a  saving  of  25  per  cent.,  although, 
in  comparing  two  steamers,  practically  identical  in  other 
respects,  the  reduced  consumption  of  coal  in  the  vessel 
with  triple-expansion  was  22  per  cent,  as  compared  with 
the  ordinary  compound  engine. 

There  is  a  difficulty  in  assigning  the  exact  amount  of 
saving  effected  by  the  triple-expansion  engine,  as  this 
advance  in  marine  engineering  has  usually  been  accom- 
panied by  the  adoption  of  mild  steel  in  the  hull  of  the 
vessels  in  place  of  iron.  Steel  vessels  of  2,00c  to  4.000 
tons  dead  weight  are  better  carriers  by  7'/i  percent.,  due 
to  the  lighter  scantlings;  but,  allowing  for  this,  it  appears 
that  there  is  a  saving  of  20  per  cent,  in  the  weight  of 
coal  consumed  by  the  adoption  of  the  triple-expansion 
engine  and  higher  pressure  of  steam.  Doubtless,  this 
saving  is  further  increased  by  the  saving  of  port  dues  and 
other  expenses,  and  detention  incurred  by  more  frequent 
re-coaling  on  long  voyages. 

Taking  typical  cases  of  steamers  of  3.000  tons  dead 
weight,  steaming  250  days  per  annum,  in  the  case  of  com- 
pound engines,  16 '4  tons  per  diem  being  consumed  as 
against  i2!2  tons  with  triple-expansion  engines,  at  20i.  per 
ton,  Mr.  Hall  stated  the  saving  would  represent  nearly 
^j.ooo  per  annum,  which,  on  a  value  of  /'23.000  for  the 
steamer  complete,  represented  4.34  per  cent.,  without 
taking  into  consideration  any  other  advantages  the  new 
type  of  engines  may  possess.  Actual  tabulated  results 
were  also  given  in  confirmation. 

The  question  of  renewing  engines  and  boilers  in  vessels 
fitted  with  compound  engines  was  also  dealt  with.  In 
the  event  of  finances  allowing  it.  Mr.  Hall  thought  the 
better  course  was  to  take  out  the  old  engines  and  boilers 
and  replace  them  with  new  ones,  using  the  old  shafting; 
and,  where  this  was  not  advisable,  he  advocated  the 
addition  of  a  cylinder,  etc.,  forward  of  the  pre.=  ent  ones; 
as.  in  placing  one  cylinder  on  top  of  another,  the  advan- 
tage of  a  well-balanced  engine  was  not  obtained. 

It  will  be  satisfactory  for  those  shipowners  who  have 
steamers  fitted  with  triple-expansion  engines  to  learn 
that  that  type  of  engine  will  hold  its  own  for  some  time 
to  come.  It  is  granted  that  quadruple-expansion  engines 
can  be  worked  economically  at  150  to  iSo  lbs.  pressure, 
but  Mr.  Hall  considered  the  triple-compound— three- 
crank— engine  will  be  as  effective  as  the  four  cylinders 
arranged  tandem  fashion  on  two  cranks:  in  the  latter 
case,  the  work  of  the  sea-going  engineer  being  increased 
and  rendered  less  accessible. 

In  dealing  with  the  question  of  improving  the  efficiency 
of  existing  vessels  with  engines  of  the  now  nearly  anti- 
quated ordinary  compound  kind,  it  is  to  be  regretted  that 
prominence  was  not  given  to  the  advantages,  from  a  ship- 
owner's point  of  view,  derivable  from  the  adoption  of 
forced  draught  which,  properly  considered,  is  germane 
to  this  aspect  of  the  question. 

The  alteration  of  compound  into  triple-expansion  en- 
gines has  been  widely  advocated  by  engineers:  but  may 
not  the  increasing  of  work  in  the  engineering  establish- 
ments have  to  do'with  this  advocacy  ?  As  regards  new 
steamers  there  does  not  appear  to  be  room  for  two  opin- 
ions, but  in  the  case  of  existing  steamers  the  question 
assumes  another  aspect.  There  are  new  boilers  and 
alterations  to  the  engines  to  pay  for;  and,  if  a  steamer's 
boilers  are  not  worn  out,  it  would  ajipear  to  be  the  wiser 
course  to  adopt  an   approved   system  of  forced  draught. 
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as  it  has  been  found  possible,  certainly  when  using  in- 
ferior fuel,  to  effect  a  far  greater  saving  than  by  the 
adoption  of  the  higher  pressure  steam,  leaving  out  of  con- 
sideration the  far  greater  outlay  of  capital  required  in  the 
latter  case.  If  forced  draught  were  being  generally  ap- 
plied to  boilers  of  1  50  lbs.  pressure,  with  a  (urther  increase 
in  economy,  possibly  our  views  would  admit  of  modifica- 
tion :  but,  up  to  the  present  moment,  we  have  not  learned 
of  even  isolated  instances  of  this  character. 


A  Method  of  Telephonic  Communication  between 
Ships  at  Sea. 


In  February,  1883,  while  investigating  at  Berlin  the  ex- 
periments of  CoUadon  and  Sturm  as  to  the  velocity  of 
sound  through  the  waters  of  Lake  Geneva,  the  thought 
occurred  :  VVliy  not  make  a  practical  use  of  water  as  a 
means  of  communicating  between  vessels  at  sea.'  Several 
methods  were  immediately  devised,  with  the  valuable  sug- 
gestions of  Dr.  Koenig,  Assistant  in  the  Physical  Labora- 
tory of  the  Royal  University,  but  actual  experiment  had 
to  be  deferred  until  a  return  to  the  United  Stales  in  June 
of  that  year.  At  that  time  apparatus  was  prepared,  and  a 
course  of  experimentation  has  since  been  carried  on  to 
the  present  lime,  wiih  more  or  less  interruptions  and  more 
or  less  success.  It  may  possibly  prove  interesting  to 
learn  of  the  methods  employed  and  of  the  progress  made. 
Further,  perhaps,  in  the  experiments,  something  sugges- 
tive may  be  found  which  will  enable  inventors  to  follow 
out  in  detail  the  system  proposed.  As  far  as  the  writer 
knows,  the  thought,  the  e.^periments  and  the  whole  scheme 
antedates  all  methods  which  have  been  proposed  for  fog 
signaling  by  telephone  at  sea. 

Brief!)-,  the  plan  was  as  follows  :  A  sound-producing 
apparatus  was  to  be  attached  to  each  vessel  and  to  be 
worked  under  the  surface  of  the  water.  In  times  of  fog 
or  night,  a  code  of  signals  would  be  produced  by  it  which 
would  be  transmitted  in  all  directions  through  the  water, 
with  a  velocity  four  or  five  times  that  in  the  air.  Each 
vessel,  in  addition  to  the  sound-producing  apparatus, 
would  be  provided  with  a  sound-receiving  apparatus, 
which  would  take  up  out  of  the  water  the  signals  arriving 
from  neighboring  vessels.  All  of  us  remember  when,  as 
boys  in  swimming,  how  distinctly  the  sound  of  the  strik- 
ing of  stones  together  under  water  was  heard.  Just  so 
distinctly  it  is  possible  to  send  musical  tones  from  one 
ship  to  another. 

For  steamships,  the  sound-producing  apparatus  was 
designed  to  be  a  steam  fog-horn  or  whistle,  specially  con- 
structed to  sound  under  water,  and  to  be  heard  at  least 
from  six  to  eight  miles.  From  the  nature  of  its  tone  it 
would  be  easily  distinguishable  from  other  sounds  always 
more  or  less  present  under  water,  such  as  from  breakers, 
waves,  etc.  With  such  whistles  a  Morse  alphabet  of  long 
and  short  blasts  and  pauses  was  to  provide  a  means  of 
extended  communication,  while  a  simple  universal  code 
would  indicate  a  ship's  course.  Since  ignorance  of  the 
very  presence  of  a  ship,  rather  than  incorrect  estimates  of 
her  course,  has  been  the  principal  cause  of  ocean  col- 
lisions, the  simple  hearing  of  the  sound  would  prove  a 
most  excellent  general  safeguard.  Bell  buoys  were  to 
have  a  second  bell  added  under  water,  while  lightships, 
light-houses  and  any  headlands  might  also  be  provided 
with  submerged  bells  which  could  be  rung  from  the 
shore,  if  necessary.  Sailing  craft,  both  large  and  small, 
would  have  bells,  and  since  an  ordinary  locomotive  bell 
can  be  heard,  according  to  my  experiments,  at  least  two 
miles  under  water,  such  simple  means  would  seem  to 
aflord  sufficient  limits  for  protection  for  such  vessels. 

As  to  the  receiving  apparatus,  with  which  each  vessel 
was  to  be  provided,  the  original  plan  of  18S3,  and  which 
has  not  been  changed,  was  to  employ  some  form  of  tele- 
phone acting  as  a  transmitter  under  water  and  connected 
with  a  receiver  within  the  vessel.  The  surface  of  the 
transmitter  exposed  to  the  water,  and  which  must  receive 
the  sound  waves,  must  be  protected  against  ice,  barnacles, 
heavy  waves,  etc.      One  design  was   that   one   or   more 


vertical  pipes  in  different  parts  of  a  ship  were  to  extend 
from  the  vessel's  interior  through  the  hull,  near  the  keel, 
and  be  open  to  the  free  admission  of  water  at  their  lower 
ends;  their  upper  ends  were  to  extend  within  the  vessel 
a  little  way  above  the  keel,  and  were  to  be  plugged,  so 
that  the  water  could  not  overflow  into  the  vessel.  These 
pipes  would  then  provide  columns  of  water  always  still, 
and  would  communicate  directly  with  the  water  outside. 
Sound  would  then  enter  and  pass  up  these  pipes,  and 
would  encounter  microphonic  transmitters  placed  suitably 
in  them.  Wires  from  the  transmitters  could  run  to  a 
small  room,  secluded  wherever  convenient  in  the  ship, 
away  from  disturbing  noises,  and  here  telephone  receivers 
would  be  placed  and  observers  stationed  in  night  or  fog. 

For  small  craft  it  was  found  by  my  experiments  that  a 
pipe  shaped  much  like  an  old-fashioned  powder  horn  with 
a  thin  flexible  membrane  stretched  tightly  across  its 
broad  end  made  a  successful  receiver.  With  the  small 
end  made  to  fit  the  ear,  and  the  diaphragm  end  only  a 
few  inches  below  water,  the  sound  of  a  hand  bell  has  been 
received  nearly  a  mile  distant.  Colladon  and  Sturm  used 
a  somewhat  similar  receiver  and  heard  a  heavy  bell 
10  miles 

Such  is  the  outline  of  the  plan  as  conceived  and  experi- 
mented upon  in  [883.  In  the  long-distance  experiments 
a  locomotive  bell  or  some  form  of  gong  was  used,  while 
in  the  laboratory,  various  automatic  devices  for  producing 
sound  under  water  were  employed.  First,  it  was  neces- 
sary to  devise  the  best  form  of  receiving  apparatus. 
Nearly  all  existing  forms  of  telephones  were  first  tried. 
The  Bell  receiver  and  the  Blake  transmitter  will  not  work 
under  water.  The  first  success  was  obtained  by  a  form 
of  transmitter  resembling  the  Ader.  A  cigar-box  cover, 
from  its  good  resonant  qualities,  formed  the  diaphragm; 
to  this  four  small  carbon  blocks  were  screwed  at  the  four 
corners  of  the  square  ;  four  cylinders  2  in.  long,  of  electric- 
light  carbon,  formed  the  sides  of  the  square  and  rested 
with  their  taper  ends  lightly  on  the  blocks  ;  the  carbons 
were  put  in  series  with  a  battery  and  Bell  receiver.  With 
this  transmitter,  with  the  help  of  E.  W.  Rockwood,  Assis- 
tant in  chemistry  at  Cornell,  signals  were  transmitted 
and  received  between  boats  one-half  mile  apart  on  the 
Taunton  River  in  1S83.  The  water,  however,  would  spoil 
the  contacts  of  the  transmitter  after  a  use  of  about  15 
minutes.  To  obviate  this  the  carbons  were  attached  to 
the  inside  of  a  resonance  box,  which  was  then  made 
water-tight.  This,  however,  failed  to  make  the  transmitter 
markedly  better.  The  transmitter  was  weighted  to  float 
at  ditferent  depths,  but  in  all  positions,  as  regards  the 
approaching  sound  waves,  it  received  equally  well.  Up 
to  about  a  half-mile  the  signals  from  an  ordinary  dinner 
bell  were  distinctly  heard.  The  higher  overtones  of  the 
bell  seemed  to  be  quenched  so  that  the  sound  come 
muffled.  The  experiments  seemed  to  indicate  that  a 
transmitter  dependent  upon  a  variable  contact  might  yet 
be  made  which  would  work  with  satisfaction.  This  line 
was  consequently  followed  up  for  the  next  year  or  so.  It 
might  be  stated  that,  later,  with  apparatus  similar  to  that 
already  described,  signals  were  transmitted  between  boats 
a  mile  distant  oft'  Stone  Bridge,  near  Newport,  R.  I.,  in 
the  same  summer  of  1883.  through  a  rough  sea  and  in  a 
dense  fog.  These  latter  attendant  circumstances  have 
nothing  to  do,  of  course,  with  the  principlesof  sound  trans- 
mission and  reception,  but  gave  encouragement  that  the 
method  was  independent  of  the  state  of  the  water  outside. 

From  this  time,  various  forms  of  microphonic  transmit- 
ters were  constructed,  and  experiments  on  Long  Island 
Sound  and  on  the  Wabash  River,  at  Terre  Haute, "Indiana, 
were  conducted  as  limited  opportunities  of  time  permitted. 

In  September,  1S86,  Mr.  Jesse  Kester,  a  young  prac- 
tical electrician,  became  interested,  and  with  his  valuable 
aid,  the  experiments  have  been  carried  on  with  many 
interruptions  to  the  present  summer. 

One  form  of  transmitter  which  has  worked  fairly  well 
consists  merely  of  a  diaphragm  having  within  itself  the 
elements  of  a  microphone.  It  is  placed  in  simple  voltaic 
circuit  with  a  Bell  receiver.  This  diaphragm  it  made  out 
of  hard  carbon,  in  granules  about  the  size  of  the  smallest 
shot.  A  paste  is  made  of  these  with  rubber  cement,  and 
this,  in  a  mold  and  die  under  heat  and  pressure,  becomes  a 
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hard,  thin,  elastic  disc.  The  electrical  resistance  is  very- 
high,  and  can  be  altered  according  to  the  per  cent,  of 
rubber  cement  present.  This  disc  or  diaphragm  tal<es  up 
the  sound  vibrations  e-xcellently  well  out  of  the  water, 
the  rubber  giving  the  requisite  elasticity.  The  diaphragm 
vibrations  produce  corresponding  varying  pressures  at  the 
innumerable  points  of  contact  of  the  carbon  granules. 
The  action  is  of  course  similar  to  that  of  a  multiple  con- 
tact transmitter. 

One  dilTiculty,  however,  was  found  to  lie  in  the  gradual 
deterioration  of  elasticity  under  the  action  of  saltwater. 
Further,  the  brittleness  of  this  diaphragm,  especially  when 
the  carbon  granules  were  comparatively  large  or  in  large 
proportion  to  the  cement,  rendered  it  liable  to  rupture  by 
a  strong  wave  or  by  any  foreign  substance  striking  it  under 
water.  A  paste  with  celluloid  was  much  tougher  and 
seemed  a  slight  improvement.  As  a  transmitter  in  the 
air,  this  worked  very  nicely,  and  of  course  without  the 
buzzing  of  the  Blake.  But  no  attempt  was  made  to 
develop  it  further  for  this  purpose. 

To  avoid  this  brittleness.  diaphragms  of  wood  and 
metal  were  tried  with  one  or  more  carbon  buttons. 
These  buttons,  however,  dilTered  from  the  Blake  or 
Edison  in  that  the  change  of  pressure  which  produced 
the  undulalory  currents  operating  the  receiver  did  not 
occur  at  the  surface  where  the  button  made  contact  with 
platinum  or  with  other  carbon  pieces  as  in  these  latter, 
but  the  variations  of  pressure  took  place  within  the 
button  itself.  To  do  this,  these  variable-pressure  buttons 
were  made  as  follows:  Fine  granules  of  retort  carbon 
were  sorted  to  uniform  size  through  a  sieve  with  meshes 
about  900  to  the  square  inch.  These  were  then  first 
plated  with  copper,  then  with  silver,  and  thirdly  with  a 
thick  coat  of  platinum.  These  different  platings  seemed 
necessary  to  make  the  platinum  "stick  "  (adhere),  so  to 
express  it.  At  the  end  of  the  platings  there  remained 
grains  of  high  electrical  resistance,  e-xposing  many  points 
and  irregularities  for  contact?.  These  grains,  in  different 
proportions,  were  mi.xed  with  rubber  cement  and  a  set  of 
hard  elastic  balls,  about  the  size  of  peas,  and  thick  discs 
molded  out.  These  were  included  in  a  voltaic  circuit  with 
a  Bell  receiver,  and  the  diaphragm  rested  lightly  against 
them.  Such  an  arrangement  proved  very  sensitive  to 
vibrations  of  the  diaphragm  under  water.  In  the  labor- 
atory experiments  a  watch  on  a  floating  board  could  be 
heard  through  the  water  about  3  ft.  distant. 

On  the  river,  however,  through  a  long  distance,  these 
did  not  seem  sufficiently  satisfactory.  This  difference  in 
action  between  a  long  and  a  short  distance  led  to  the 
thought  that,  as  the  advancing  front  of  the  sound  wave  is 
an  arc,  approachmg  in  curvature  nearerand  nearer  the  tan- 
gent to  its  circle,  a  large  diaphragm  would  receive  more 
sonorous  energy  and  thus  probably  prove  more  effective. 
This  is  the  point  to  which  the  experiments  have  now 
been  carried,  and  the  next  trials  will  be  with  a  diaphragm 
18  in.  square. 

It  is  believed  that  sufficient  has  been  done,  however,  to 
show  that  the  complete  solution  of  this  interesting  and 
valuable  practical  scheme  will  lie  probably  in  the  tele- 
phonic method  just  described  or  in  some  modification  of 
it:  at  least,  by  this  method,  in  October,  18S5.  signals  were 
transmitted  and  received  lU  miles  on  the  Wabash  River 
from  a  locomotive  bell  around  three  or  four  windings  of 
the  river,  so  that  the  operators  were  out  of  each  other's 
sight,  and  the  sound  could  not  be  heard  through  the  air, 
yet  could  with  fair  distinctness  through  the  telephone. 

It  is  hoped  that  experimenters  may  find  in  the  above 
methods  and  experiments  enough  to  encourage  further 
investigations,  and  with  this  end  in  view,  and  from  the 
fact  that  the  writer  is.  for  the  present,  by  circumstances, 
turned  to  a  different  line  of  investigation,  this  article  has 
been  prepared,  and  the  experiments  thus  for  the  first  lime 
made  public. 

Primary  Batteries. 

I  From  the  London  Times.^ 

Attempis  continue  to  be  made  to  introduce  electric 
lighting  in  the  household  and  in  mines  by  means  of  pri- 
mary batteries,  and  we  have  recently  inspected  two  more 


inventions  of  this  character.  The  first  of  these  is  the 
"  Eclipse  "  portable  electric  battery,  which  is  the  inven- 
tion of  Mr.  Harris,  and  is  being  introduced  by  Mr.  J.  J. 
Walsh  of  White-house,  Telegraph-street.  London.  This 
battery  consists  of  a  series  of  outer  cells  of  vulcanite, 
each  outer  cell  carrying  an  inner  cell  of  porous  material. 
The  outer  cell  is  filled  with  a  solution  of  sulphuric  acid, 
and  the  inner  cell  with  a  solution  of  nitrate  of  soda.  A 
carbon  rod  dips  into  each  inner  cell  and  constitutes  the 
negative,  while  a  plate  of  zinc  is  held  in  the  acid  solution 
in  each  outer  cell  and  forms  the  positive.  A  miners' 
safety  lamp  has  been  constructed  upon  this  principle,  and  a 
2>^-candle  power  lamp,  assisted  by  a  reflector,  gives  a- 
very  good  all-round  light,  which  is  also  reflected  upward 
to  the  roof.  At  a  demonstration  which  recently  took 
place  at  Mr.  Walsh's  offices  a  number  of  lamps  were 
driven  from  an  Eclipse  battery,  and  gave  a  very  effective 
light.  Upon  that  occasion  Professor  Silvanus  P.  Thomp- 
son spoke  strongly  in  favor  of  the  system,  especially  as 
applied  to  miners'  lamps.  The  (Ireat  Western  Railway 
executive,  it  is  stated,  has  tested  the  lamp  with  verv 
satisfactory  results.  The  first  cost  of  the  battery  is  said 
to  be  very  small,  and  the  cost  of  each  charge  only  2d.. 
which  charge  will  maintain  a  lamp  for  24  hours.  The 
second  primary  battery  to  which  we  have  to  refer  is  the 
invention  of  Mr.  C.  M.  Newton,  and  is  being  intro- 
duced by  the  New  Electric  Light  Syndicate  of  2a  \v'est- 
street,  Finsbury,  London.  Each  ceil  of  this  battery  con- 
sists of  an  outer  case  of  iron,  which  forms  the  negative 
plate  of  the  cell.  On  the  bottom  of  this  the  depolarizing 
material  ioxide  of  leadi  is  spread.  Above  this  is  a  dia- 
phragm of  parchment  paper  so  disposed  as  to  divide  the 
cell  into  an  inner  and  an  outer  compartment;  and  at  the 
top.  resting  on  glass  insulators,  the  zinc  positive  plate  is 
laid.  The  exciting  fluid,  a  caustic  alkali,  is  poured  into 
both  comparcments,  and  the  cell  is  ready  for  use.  There 
are  no  fumes  from  this  battery,  which  has  been  fully 
tested  and  favorably  reported  on  by  Dr.  R.  M.  Walms- 
ley,  F.C.S..  who  states  that  a  brilliant  and  steady  light  is 
maintainad  for  130  hours  without  attention,  and  that 
local  action  is  practically  negligible.  It  is  intended  to  let 
these  batteries  to  consumers  at  a  nominal  rental,  the 
price  to  be  charged  to  the  public  being  fixed  on  the  basis 
of  gas  at  4J.  61/.  ($1.08)  per  1,000  feet.  The  battery  is  to  be 
recharged  as  required  by  the  company,  so  that  no  risk  will 
be  incurred  by  domestics  in  dealing  with  it.  At  a  recent 
demonstration,  a  good  light  was  given  by  six  lo-candle 
power  Shippey  Brothers'  glow  lamps,  driven  by  seven 
Newton  cells  through  seven  E.P.S.  accumulators.  It  is 
stated  that  the  accumulators  would  not  be  used  in  prac 
tice.  Including  the  present,  we  have,  within  the  past 
three  years,  noticed  no  fewer  than  1 1  primary  batteries, 
all  of  which  have  given  more  or  less  promise  during  ex- 
periment. It  would  be  interesting  to  Know  how  many  of 
these  have  been  introduced  into  houses  of  moderate  size 
for  ordinary  domestic  lighting  on  a  regular,  practical  and 
commercial  paying  scale  to  the  supersession  of  gas 


Electric  Power  Service. 

[T.  C.  Martin,  in  the  Eiiarical  World.\ 

The  rapid  introduction  of  electrical  apparatus  as  soon 
as  its  efficiency  has  been  demonstrated  is  being  seen  once 
more  in  the  remarkable  growth  of  the  electric-motor  in- 
dustry. It  was  the  privilege  of  the  writer  just  a  year  ago 
to  bring  before  the  National  Electric  Light  Association, 
in  session  at  Detroit,  a  few  facts  and  comments  on  the 
subject  of  the  use  of  motors  and  the  electrical  transmis- 
sion of  power  as  it  then  presented  itself.  An  enumeration 
was  made  of  the  various  places  at  which  motors  had  been 
introduced,  and  a  lew  figures  were  quoted  as  to  results 
obtained.  Rut  the  material  then  oflering  itself,  though 
striking,  was  notably  scarce  as  compared  with  that  forth- 
coming to-day  ;  and  to  those  who  are  in  any  way  familiar 
with  the  development  going  on  it  is  evident  that  the  new 
work  already  in  hand  will,  within  the  next  year,  dwarf 
into  utter  insignificance  all  that  has  hitherto  been  accom- 
plished.    Thus  it  may  be  mentioned,  for  instance,  that. 
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one  well-known  company  shows  a  total  output  of  over 
2,000  small  motors  ;  that  another  concern  manufacturinj; 
small  motors  up  to  about  i  H.  P.  has  built  2.500  since  last 
November;  that  another  company  within  about  the  same 
time — nine  months — has  sold  i.ooo  H.  P.  of  motors;  that 
a  fourth  has.  since  going  into  operation,  sold  about  2.500 
H.  P.,  and  is  now  building  some  4.000  H.  P.,  and  that 
large  factories  have  been  put  up  for  the  special  manufac- 
ture of  motors,  employing  hundreds  of  men.  The  im- 
portance of  this  new  condition  of  afTairs  is  hardly  yet 
recognized,  but  it  cannot  be  denied.  It  means  for  one 
thing  that  even  to-day  the  electric-light  station  is  becom- 
ing the  great  public  reservoir  of  power,  and  that  from  its 
circuits  all  engaged  in  manufacture,  and  thousands  who 
need  power  for  various  minor  services  and  functions,  can 
draw  supplies  at  will.  In  a  very  short  time  the  consump- 
tion of  current  for  electric  power  will  equal,  if  not  excel, 
the  consumption  for  light,  and  it  is  to  this  new  idea  that 
electric-light  men  and  the  general  public  are  adjusting 
their  methods.  There  is  not  an  electric-light  station 
building  to-day  in  which  provision  is  not  being  made,  in 
engines  and  dynamos,  for  electric-power  supply  ;  nor  is 
there  a  manufacturing  industry,  within  city  limits  any- 
where, in  which  the  use  of  electric  motors  is  not  to  be 
tried  or  has  not  already  begun. 

It  is,  of  course,  well-known  that  several  hundred  small 
motors  are  in  use  at  the  present  time,  deriving  current 
from  primary  batteries.  It  is  also  well-known  that  a  large 
number  of  motors,  averagmg  about  15  H.  P.  each,  have 
been  applied  to  street-railroad  work  ;  but  it  is  through  the 
medium  of  electric-lighting  circuits  that  the  greatest  de- 
mand for  motors  has  come  and  is  to  be  met.  In  order  to 
ascertain  what  is  being  done  in  this  field,  the  Klfctrhal 
World  addressed  inquiries  recently  on  the  subject  to 
about  500  of  the  largest  local  lighting  companies.  It  has 
been  fortunate  enough  to  secure  replies  from  between  200 
and  300  of  these,  and  the  replies  constitute  a  very  interest- 
ing presentation  of  the  work  done  in  all  sections  of  the 
country.  A  large  part  of  the  information  furnished  has 
already  been  published  but  it  may  be  well  to  bring  out 
one  or  two  points  that  are  suggested  by  the  replies  as  a 
whole. 

It  appears  that  not  far  short  of  a  hundred  local  com- 
panies are  now  operating  motors,  generally,  but  not 
always,  on  their  day  circuits.  A  noticeable  feature  of  the 
replies  from  companies  not  doing  any  motor  business  is 
that  they  "do  not  run  day  circuits."  This  may  often  be 
a  sufl^cient  reason,  but  the  inquiry  is  admissible  whether 
sufficient  current  could  not  be  stored  up  from  the  average 
nightly  run  of  a  station  with  a  spare  or  extra  dynamo  to 
feed  a  day  circuit  profitably.  This  is  certainly  worth  try- 
ing in  some  places,  and  is  being  done  at  Cheyenne,  where 
several  motors  are  on  a  storage  day  circuit.  Another 
point  brought  out  is  that  the  motors  are  largely  on  incan- 
descent circuits,  the  reason  for  this  being  obviously  that 
day  running  is  far  more  a  necessity  with  incandescent 
stations  than  with  arc  stations.  Where  motors  are  run- 
ning upon  night  circuits  they  are  chiefly  employed  on 
newspaper  presses. 

A  question  among  electric-light  men  has  been  whether 
it  is  best  to  sell  the  motor  or  to  rent  it  out.  No  unan- 
imity has  yet  been  attained,  or  is  likely  to  be  reached,  on 
that  head,  although  in  a  great  many  cases  the  matter  of 
purchase  is  left  optional  with  the  customer.  The  sale 
outright  relieves  the  company  of  a  large  initial  outlay,  but 
the  leasing  system  seems  productive  of  a  much  larger  in- 
come in  the  long  run. 

Another  question  arising  is  that  as  to  the  desirability  of 
selling  power  at  a  flat  rate  or  by  meter.  Many  of  the 
companies  are  charging  meter  rates,  b  it,  on  the  whole, 
the  flat  rate,  based  on  the  capacity  of  the  motor,  appears 
to  have  a  decided  preference. 

It  will  be  remembered  that  the  National  Electric  Light 
Association  has  discussed  the  propriety  of  fixing  motor 
rates  for  its  members.  Pending  that  action,  a  striking 
variety  has  manifested  itself.     *     *     *     * 

It  is  still  early  for  the  establishment  of  special  motor 
circuits,  but  there  are  several  now  up,  and  more  are  build- 
ing in  the  larger  cities.  It  is  to  be  borne  in  mind  that  in 
New  York  and   Boston  a  distinct  electric  power  supply 


I  Daft)  has  existed  since  1883,  that  in  New  York  now  dis- 
tributing over  200  H.  P.  to  about  60  customers,  and  that 
in  Boston  90  H.  P.  to  about  20.  Similar  services  exist  in 
Worcester  and  Providence.  A  special  power  plant  is  also 
enjoyed  by  San  Francisco,  and  the  steps  being  taken  else- 
where in  the  same  direction  are  too  numerous  to  record. 

It  remains  to  be  seen  whether  the  power  supply  will  be 
generally  undertaken  by  special  power  stations  or  whether 
it  will  chiefly  remain  in  the  hands  of  the  lighting  stations. 
In  Boston,  the  Edison  light  station  is  running  72  motors 
(Sprague)  from  >,  to  15  H.  P.,  with  a  total  call  lor  300 
H.  P.  of  current,  and  in  New  York  the  Edison  wires  feed 
45  motors  of  the  same  make  with  the  same  range  of  capa- 
city, taking  in  all  250  H.  P.  The  Brush  companies  in 
New  York,  Rochester,  Buflfalo,  Galveston  and  Philadel- 
phia have  a  large  number  of  motors  of  dilferent  makes 
in  use,  and  the  Brush  Company  in  Baltimore  has  about 
60  motors  (Baxter)  on  its  arc  circuits.  At  Providence, 
the  Narragansett  Electric  Light  Company  is  putting 
about  30  H.  P.  of  motors  (Thomson)  on  independent 
circuit. 

One  interesting  development  in  New  York  City  deserves 
special  note.  The  Excelsior  Steam  Power  Company, 
established  as  a  private  concern  about  30  years  ago  for 
steam  power  distribution,  and  lately  delivering  nearly  Sco 
H.  P.  over  an  area  of  four  city  blocks,  went  into  the  eltc- 
tric-motor  business  not  long  ago,  running  for  the  Electric 
Power  Company  the  Daft  service  above  spoken  of.  It  is 
now  understood  that  the  company  has  completed  arrange- 
ments for  the  generation  and  supply  of  2,000  H.  P.  elec- 
trically, using  the  same  system,  and  is  already  busy  pre- 
paring its  plant.  This  service  will  be  confined  to  the 
district  on  the  east  side  of  Broadway,  another  service  be- 
ing meantime  planned  forthe  west  side,  to  go  in  operation 
by  the  beginning  of  September.  The  Excelsior  Company 
has  been  leasing  its  motors,  charging  $4  per  week  tor  i 
H.  P.,  S6  lor  2  H.  P.  and  $3  for  every  additional  H.  P. 
This  includes  the  current,  the  use  of  the  machine,  super- 
vision and  any  needed  repairs. 

Some  of  the  comments  made  are  very  significant,  and 
in  no  case  does  it  appear  that  the  motor  is  at  a  disadvan- 
tage as  an  instrument  of  power  distribution  when  com- 
pared with  other  machines.  Thus,  it  is  remarked  by  the 
local  company  at  Appleton,  Wis.,  that  water-power  is  so 
cheap  it  would  not  pay  them  to  run  in  the  day  time  for 
electric-power  supply.  Yet  it  is  in  Appleton  that  the 
electric  motor  has  made  a  splendid  showing  on  street-rail- 
road work,  the  generator  being  driven  by  water  wheel. 
As  to  the  size  of  motors,  it  may  be  said  that  it  was  at  first 
thought  that  the  bulk  of  the  business  would  be  around  5 
H.  P.,  but  the  demand  is  as  brisk  for  motors  of  10  and  15 
H.  P.  and  larger  as  for  those  of  any  other  smaller  capacity. 
All  told,  there  are  probably  over  10.000  electric  motors  in 
America  to-day,  of  some  15  difl^erent  makes — Brush, 
Thomson.  C.  &  C.  Cleveland,  Baxter,  Van  Depoele,  Daft, 
Edgerton.  Sprague.  Hawkeye,  Bergmann.  Griscom,  etc. 
(^f  one  of  these  motors  alone,  over  30  types  are  now  being 
built  to  fill  orders  and  carry  in  stock — a  point  of  no  small 
importance  as  illustrating  the  remarkable  commercial  de- 
velopment of  this  latest  electrical  application. 


The  Pyromagnetic  Dynamo — The  Production  of  Elec- 
tricity Direct  from  Fuel. 


The  production  of  electricity  directly  from  coal  is  a 
problem  which  has  occupied  the  closest  attention  of  the 
ablest  inventors  for  many  years.  Could  the  enormous 
energy  latent  in  coal  be  made  to  appear  as  electric  energy., 
by  means  ot  a  simple  transforming  apparatus  which  ac- 
complishes its  result  with  reasonable  economy,  it  will  be 
conceded,  probably,  that  the  mechanical  methods  of  the 
entire  world  would  be  revolutionized  thereby  and  that 
another  of  those  grand  steps  of  progress  would  be  taken, 
of  which  the  Nineteenth  Century  so  justly  boasts. 

The  simple  production  of  a  potential  difference  by 
means  of  heat   is  as  old   as  Seebeck  and   Melloni.     The 
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[  October,  1887. 


science  of  thermo-electricity  thus  originated  has  been 
developed  by  Becquerel,  by  Peltier,  by  Thomson  and  by 
Tait,  and  the  thermo-batteries  of  Clamond  and  o(  Noe 
have  found  many  important  practical  uses.  The  results 
already  attained  in  these  generators  have  stimulated  re- 
search marvelously,  and  many  investigators  have  believed 
that  in  this  direction  lay  the  pliilosopher's  stone.  Our 
fellow-member.  Moses  G.  Farmer,  worked  long  and  assi- 
duously in  this  field,  producing,  it  is  believed,  the  most 
satisfactory  results,  as  regards  economy,  which  have  ever 
been  obtained.  But  even  these  results  were  not  very  en- 
couraging. He  never  succeeded  in  converting  1  per  cent. 
of  the  energy  of  the  coal  into  electric  energy.  Unite  re- 
cently Lord  Rayleigh  has  discussed  with  his  well-known 
ability  the  law  of  etiiciency  of  the  thermo-battery  from 
the  standpoint  of  the  second  law  of  thermo-dynamics  ; 
and  he  concludes  that  for  a  copper-iron  couple,  working 
between  the  extreme  limits  of  temperature  possible  for 
these  metals,  a  conversion  of  not  more  than  one  three- 
hundreth  part  of  the  coal  energy  can  be  hoped  for. 
While,  therefore,  as  a  heat  engine  the  thenno-cell  appears 
to  follow  precisely  the  law  of  Carnot,  and  hence  may  have 
a  theoretical  ma.\imum  efficiency  equal  to  that  of  the 
reversible  engine  of  this  eminent  philosopher,  yet  in 
practice  its  ethciency  falls  very  far  below  this  theoretical 
ma.ximum. 

It  therefore  follows  that  if  the  result  hoped  for  is  to  be 
attained  at  all  it  must  obviously  be  looked  for  in  some 
other  direction  than  in  that  ol  the  thermo-cell.  In  con- 
sidering the  matter,  another  line  of  investigation  suggest- 
ed itsell  to  me,  the  results  of  which  I  have  the  honor  now 
to  submit  to  my  fellow-members  ol  the  Physical  Section. 
It  has  long  been  known  that  the  magnetism  of  the  mag- 
netic metals,  and  especially  of  iron,  cobalt  and  nickel,  is 
markedly  affected  by  heat.  According  10  Becquerel, 
nickel  loses  its  power  of  being  magnetized  at  400°,  iron  at 
a  cherry-red  heat  and  cobalt  at  a  white  heat.  Since, 
whenever  a  magnetic  field  varies  in  strength  in  the  vicini- 
ty of  a  conductor,  a  current  is  generated  in  that  conductor, 
it  occurred  to  me  that  by  placing  an  iron  core  in  a  mag- 
netic circuit,  and  by  varying  the  magnetizability  of  that 
core  by  varying  its  temperature,  it  would  be  possible  to 
generate  a  current  in  a  coil  of  wire  surrounding  this  core. 
This  idea  constitutes  the  essential  feature  of  the  new  gen- 
erator, which  therefore  I  have  called  a  pyromagnetic  gen- 
erator of  electricity. 

The  principle  of  utilizing  the  variation  of  magnetiza- 
bility by  heat  as  the  basis  of  electric  machines,  though 
clearly  applicable  to  generators,  was  first  applied  to  the 
construction  of  a  simple  form  of  heat  engine  which  I  have 
called  a  pyromagnetic  motor.  A  description  of  this  motor 
will  help  us  to  understand  the  generator  subsequently 
constructed. 

Suppose  a  permanent  magnet  having  a  bundle  of  small 
tubes  made  of  thin  iron  placed  between  its  poles  and  cap- 
able of  rotation  about  an  a.\is  perpendicular  to  the  plane 
of  the  magnet  after  the  fashion  of  an  armature.  Suppose 
further,  that  by  suitable  means,  such  as  a  blast  or  a 
draught,  hot  air  can  be  made  to  pass  through  these  tubes 
so  as  to  raise  them  to  redness.  Suppose  that  by  a  flat 
screen  symmetrically  placed  across  the  (ace of  this  bundle 
of  tubes,  and  covering  one-half  of  them,  access  of  the 
heated  air  to  the  tubes  beneath  it  is  prevent^'d.  Then  it 
follows  that,  if  this  screen  be  so  adjusted  that  its  ends  are 
equidistant  from  the  two  legs  of  the  magnet,  the  bundle 
ol  tubes  will  not  rotate  about  the  axis,  since  the  cooler 
and  magnetic  portions  of  the  tube-bundle  (/.  e.,  those  be- 
neath the  screenj  will  be  equidistant  from  the  poles  and 
will  be  equally  attracted  on  the  two  sides.  But  if  the  screen 
be  turned  about  the  axis  of  rotation  so  that  one  of  its 
ends  is  nearer  one  of  the  poles  and  the  other  nearer  the 
other,  then  rotation  of  the  bundle  will  ensue,  since  the 
portion  under  the  screen,  which  is  cooler,  and  therefore 
magnetizable,  is  continually  more  strongly  attracted  than 
the  other  and  heated  portion.  This  device  acts,  therefore, 
as  a  pyromagnetic  motor,  the  heat  now  passing  through 
the  tubes  in  such  a  way  as  to  p-oduce  a  dissymmetry  in 
the  lines  of  force  in  the  iron  field,  the  rotation  being  due 
to  the  eflEort  to  make  these  symmetrical.  The  guard-plate 
in  this  case  has  an  action  analogous  to  that  of  the  commu- 


tator in  an  ordinary  armature.  The  first  experimental 
motor  constructed  on  this  principle  was  heated  by  means 
of  two  small  Bunsen  burners,  arranged  with  an  air  blast, 
and  it  developed  about  700  loot-pounds  per  minute.  A 
second  and  larger  motor  is  now  about  finished,  which  will 
weigh  nearly  1.500  lbs.,  and  is  expected  to  develop  about  3 
H.  P.  In  both  these  machines  electro-magnets  are  used  in 
place  of  permanent  magnets,  the  current  to  energize  them 
being  derived  from  an  external  source.  In  the  latter  ma- 
chine the  air  for  the  combustion  is  first  forced  through 
the  tubes  to  aid  in  cooling  them,  and  then  goes  in  to  the 
furnace  at  a  high  temperature. 

The  earliest  experiments  in  the  direction  of  the  pyro- 
magnetic production  of  electricity  were  made  with  a  very 
simple  apparatus,  consisting  of  a  charged  electro-magnet 
having  a  tube  of  thin  iron  passing  through  its  cores  near 
their  outer  ends,  a  coil  of  wire  being  wound  around  this 
tube,  and  including  an  ordinary  sounder  delicately  ad- 
justed in  its  circuit.  The  tube  beneath  the  coil  was  cover- 
ed with  asbestos  paper.  After  heating  the  tube  to  redness 
by  a  gas  blast  directed  into  it  at  one  end,  a  jet  of  cold  air 
was  suddenly  substituted  for  the  flame,  the  sounder  at 
once  closed, showing  that  the  change  in  the  magnetizability 
of  the  iron  had  varied  the  distribution  of  the  lines  of 
force  within  the  coil,  and  thus  had  produced  a  current  of 
electricity  in  this  closed  circuit. 

The  construction  of  a  machine  of  sufficient  size  to  dem- 
onstrate the  feasibility  of  producing  continuous  cur- 
rents on  the  large  scale  in  this  way  was  at  once  begun  and 
has  only  just  been  completed.  The  new  machine  consists 
of  eight  distinct  elements,  each  the  equivalent  of  the  de- 
vice already  mentioned,  consisting  of  the  two  legs  of  an 
electro-magnet  somewhat  far  apart  (12  in.  actually),  hav- 
ing at  one  end  the  ordinary  yoke,  and  at  the  other  a  roll 
of  corrugated  sheet-iron,  .005  in.  thick,  called  an  inter- 
stitial armature;  this  armature  having  a  coil  of  wire  wound 
upon  it  and  separated  from  direct  contact  by  means  of 
asbestos  paper.  The  eight  elements  are  arranged  radially 
about  a  common  center  and  are  equidistant,  the  eight  in- 
terstitial armatures  passing  in  fact  through  the  iron  disks 
which  constitute  the  common  pole  piece  of  all  the  electro- 
magnets. The  coils  wound  upon  the  interstitial  arma- 
tures are  connected  directly  in  series,  the  whole  forming 
a  closed  circuit.  Through  the  center  of  these  discs  a  hol- 
low vertical  shaft  passes,  carrying  at  its  lower  end  a  semi- 
circular plate  of  fire-clay  called  a  guard-plate;  which, 
when  the  shaft  is  turned,  revolves  close  to  the  lower  ends 
of  the  sheet-iron  armatures  and  screens  oti  half  of  them 
from  the  access  of  heat  from  below.  The  shaft  carries  a 
cylinder  of  insulating  material  having  metallic  contact- 
pieces  let  into  It  on  opposite  sides,  the  line  joining 
them  being  parallel  to  the  straight  edge  of  the 
guard-plate.  Upon  this  cylinder  eight  springs  press, 
each  of  these  springs  being  connected  to  the  wire 
of  the  closed  circuit  above  mentioned  midway  be- 
tween the  coils.  The  length  of  the  metallic  seg- 
ment is  so  proportioned  that  the  following  spring 
touches  it  just  as  the  preceding  one  leaves  it.  The  springs 
themselves  are  so  adjusted  that  each  of  them  comes  into 
contact  with  its  metallic  segment  just  as  the  preceding 
coil  of  the  pair  to  which  it  is  connected  is  uncovered  by 
the  rotation  of  the  guard-plate.  Upon  the  same  shaft 
and  above  the  cylinder  just  mentioned,  a  pair  of  metallic 
rings  are  placed,  insulated  from  the  shaft,  to  each  ot 
which  one  of  the  metallic  segments  is  connected.  Brushes 
pressing  upon  these  rings  take  off  the  current  produced 
by  the  generator. 

The  entire  machine  now  described  is  placed  upon  the 
top  of  any  suitable  furnace,  fed  by  a  blast,  so  that  the  pro- 
ducts of  combustion  are  forced   up  through  those   inter- 
stitial armatures  which  are  not   covered  by  the   guard- 
plate,  and  raise  them  to  a  high  temperature      The  field 
magnets,  when  charged,  magnetize  of  course  only  those 
interstitial  armatures  which  are  cold  ;  /.  <-.,  those  beneath 
'    the  guard-plate.     On  rotating  this  plate,  the   interstitial 
'    armatures  are  successively  uncovered  on  the  one  side  and 
covered    on    the   other ;  so  that   continually  during   the 
I    motion  four  of  the  eight  armatures  are  losing  heat,  and 
1    the  other  four  are  gaining  heat.     But  those   which  are 
losing  heat  are  gaining  magnetism  and  7'/<v  7'crsa.  Hence. 
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while  currents  are  generated  in  all  the  armature  coils, 
since  in  all  the  magnetism  is  varying,  the  current  in  the 
<:oils  beneath  the  guard-plate  will  be  in  one  direction, 
while  that  in  the  coil  exposed  to  the  tire  will  be  in  the 
other.  Moreover,  whenever  an  armature  passes  out  Ironi 
under  the  guard-plate,  its  condition  at  once  changes  ; 
from  losing  heat  and  gaining  magnetism  it  begins  to  gain 
heat  and  lose  magnetism,  llence.  at  this  instant  the  cur- 
rent in  Its  coil  is  reversed,  and, consequently,  the  line  con- 
necting this  coil  with  the  one  opposite  to  it  constitutes  ] 
the  neutral  line,  or  line  of  commutation,  precisely  as  in 
the  ordinary  dynamo.  Indeer'.  the  action  of  the  intersti- 
tial coils  of  the  pyrumagneiic  dynamo  resembles  strongly 
that  of  the  ordinary  armature  coils  of  ilic  Gramme  ring. 
not  only  in  the  manner  of  connecting  them  together,  but 
also  in  their  functions,  the  change  of  direction  in  the  cur- 
rent as  the  magnetism  of  the  field  changes  sign  in  the 
latter  case,  corresponding  closely  to  the  cli  inge  of  current 
in  the  former  case,  due  to  the  direction  of  the  temperature 
■change.  But  it  will  be  observed  that  while  in  the  Gramme 
ring  the  loops  between  the  armature  coils  are  connected 
to  commutator  segments  equal  in  number  to  that  of  the 
coils,  upon  which  commutator  two  brushes  press,  in  the 
pyromagnetic  dynamo  the  loops  between  the  armature 
coils  are  connected  to  an  equal  number  of  brushes  i  in  this 
■case  eight  I,  while  the  commutator  segments  are  only  two 
in  number ;  so  that  the  functions  of  the  commutator  and 
brushes  in  this  generator  are  in  a  certain  sense  reversed  [ 
as  compared  with  the  ordinary  dynamo. 

The  potential  ditTerence  developed  by  this  dynamo  will 
■obviously  depend  :  i,  upon  the  number  of  turns  of  wire 
on  the  armature  coils  ;  2,  upon  the  temperature  difference 
in  working;  3,  upon  the  rate  of  temperature  variation, 
and  4.  upon  the  pro.\imity  of  the  maximum  point  if 
etTect. 

No  advantage  will  be  gained,  of  course,  by  raising  the 
temperature  ot  the  interstitial  armature  above  the  point  at 
which  its  magnetizability  is  practically  zero  ;  nor  will  it 
be  advantageous  on  the  other  hand  to  cool  it  below  the 
point  where  its  magnetism  is  practically  a  maximum. 
The  points  of  temperature,  therefore,  between  which  for 
any  magnetic  metal  it  is  most  desirable  to  work,  can  be 
easily  determined  by  an  inspection  of  the  curve  showing 
the  relations  between  heat  and  magnetism  for  this  parti- 
cular metal.  Thus  the  points  of  temperature  at  which  the 
magnetizability  is  practically  zero,  as  above  stated,  are  a 
white  heat  for  cobalt,  a  bright  red  for  iron  and  400°  for 
nickel.  On  the  other  hand,  while  at  ordinary  tempera- 
tures iron  has  a  maximum  intensity  of  magnetization  re- 
presented by  1,390,  its  intensity  at  220°  is  1,360:  and  hence 
no  commercial  advantage  is  gained  by  cooling  the  iron 
below  this  temperature.  Nickel,  however,  whose  maxi- 
mum intensity  of  magnetization  is  at  ordinary  tempera- 
tures, Soo.  has  an  intensity  ot  only  380  at  220"".  Hence,  while 
this  metal  requires  a  lower  maximum  temperature  it  also 
requires  a  lower  minimum  one;  but  it  may  be  worked 
with  much  less  heat.  The  rate  of  the  temperature  varia- 
tion is  determined  by  the  rapidity  with  which  the  guard- 
plate  revolves,  and  this,  in  its  turn,  is  dependent  upon  the 
rapidity  with  which  the  interstitial  armature  can  be  cooled 
and  heated.  That  it  may  take  up  and  lose  heat  readily, 
the  sheet  iron  of  which  it  is  made  is  very  thin  (only  0.005 
in.  thick;,  even  when  its  durability  is  increased  by  enamel- 
ing or  nickeling  ;  it  is  corrugated  and  rolled  up  so  as  to 
expose  a  large  surface  (about  60  square  feet  for  the  eight 
armatures),  and  hot  and  cold  air  are  alternately  forced 
through  the  armature.  Experiments  already  made  show 
that  the  guard-plate  can  probably  be  made  to  revolve  120 
times  a  minute.  Since  the  potential  difference  is  pro- 
portional to  the  number  of  lines  of  force  cut  per  second. 
It  is  evident  that  by  doubling  the  speed  of  rotation,  twice 
asmany  lines  of  force  would  flow  across  the  generating 
coils  per  second,  and  the  output  of  energy  would  be  quad- 
rupled. Exactly  what  th  ckness  of  metal  is  the  most 
suitable  for  the  purpose,  what  the  relative  volume  occu- 
pied by  metal  and  by  air  space  in  the  interstitial  armature 
should  be.  what  is  the  best  diameter  for  this  armature,  or 
even  the  best  metal,  what  the  best  limits  of  temperature, 
and  what  the  best  speed  of  rotation  to  produce  the  maxi- 
mum   potential   difference — all  these  are  questions  which 


must  be  decided  by  experiments  made  upon  the  genera- 
tor itself. 

The  results  thus  far  obtained  lead  to  the  conclusion 
that  the  economy  of  production  of  electric  energy  Irom 
fuel  by  the  pyromagnetic  dynamo  will  be  at  least  equal  to 
and  probably  greater  than  that  of  any  of  the  methods  in 
present  use.  But  the  actual  output  of  the  dynamo  will 
be  less  than  that  of  an  ordinary  dynamo  of  the  same 
weight.  To  furnish  30  lights  of  16  candle-power  in  a 
dwelling  house  would  probably  require  a  pyromagnetic 
generator  weighing  two  or  three  tons.  Since,  however, 
the  new  dynamo  will  not  interfere  with  using  the  excess 
of  energy  of  the  coal  for  warming  the  house  itself,  and 
since  there  is  no  attendance  required  to  keep  it  running, 
there  would  seem  to  be  already  a  large  field  of  usefulness 
for  it.  Moreover,  by  using  the  regenerative  principle  in 
connection  with  it,  great  improvement  may  be  made 
in  its  capacity,  and  its  practical  utility  may  very  probably 
equal  the  interesting  scientific  principles  which  it  em- 
bodies. 


An  English  Electric  Railroad. 

(From  the  London  Electrician.) 

On  Tuesday  last  (July  26),  upon  the  invitation  of  the 
Electric  Traction  Syndicate,  the  representatives  of  the 
technical  journals  were  present  at  "  a  private  demonstra- 
tion of  electrical  traction  on  the  Shoreham  &  West  Brigh- 
ton line."  This  line  was  built  by  a  local  company  several 
years  ago,  but  has  never  paid  its  way,  and  it  has  been  in 
the  hands  of  the  Syndicate  for  experimental  purposes  for 
about  12  months  past,  during  which  period  an  elaborate 
series  of  tests  have  been  carried  out.  The  total  length 
of  the  line  is  about  J^yi  miles,  and  presents  features  which 
are  of  considerable  value  for  the  purpose  in  view.  The 
gradients  are  numerous  and  in  some  cases  exceptionally 
severe,  rising  to  i  in  20  where  the  road  crosses  a  bridge  at 
Southwick,  and  there  are  two  sharp  curves  of  about  28 
yards  radius,  one  of  which  is  on  an  incline  of  i  in  100. 
When  to  this  it  is  added  that  the  road  has  not  been  main- 
tained in  very  first  rate  order,  it  will  be  seen  that  the  line 
is  particularly  well  adapted  to  test  the  capabilities  of  any 
system  of  traction.  Indeed,  it  may  be  remarked  that 
Messrs.  Aveling  &  Porter,  the  engine  builders,  have  been 
experimenting  with  a  new  type  of  steam  engine  upon  the 
same  line  concurrently  with  the  electric  trials.  The  aver- 
age co-eflicient  of  traction  has  been  found  to  vary  between 
42  and  55  lbs.  per  ton.  according  to  the  state  of  the  metals  ; 
upon  a  well-laid  London  line  this  co-efficient  does  not  usu- 
ally exceed  30  to  35  lbs.  per  ton. 

The  engineers  ol  the  Syndicate  are  of  opinion  that  while 
electric  traction  upon  lines  where  the  cars  follow  one  an- 
other at  short  intervals  is  best  applied  upon  the  cars  them- 
selves, yet  that  a  wide  field  exists  for  the  use  of  electric 
locomotives  upon  suburban  lines  where  heavier  loads  are 
carried  at  longer  intervals,  and  the  conditions  approximate 
more  nearly  to  those  of  a  railway.  The  trials  upon  Tues- 
day last  began,  therefore,  with  a  short  run  upon  an  electric 
locomotive  car  weighing  about  12  tons,  and  designed  to 
draw  a  bogie  car,  with  seats  for  60  persons,  at  a  mean 
speed  of  8  miles  an  hour,  additional  accommodation  for  14 
persons  being  provided  upon  the  locomotive  itself.  The 
motive  power  is  obtained  from  a  set  of  16S  A-size  Tatham 
cells,  discharging  at  50  to  60  amperes,  with  a  capacity  of 
200  ampere  hours.  The  motor,  which  is  of  the  Immisch 
type,  series-wound,  runs  at  650  revolutions.  The  armature 
is  9  in.  in  diameter,  and  is  geared  direct  to  the  driving- 
wheels  by  pinions  at  each  end  of  the  spindle,  which  mesh 
with  internal  teeth  upon  a  circular  rack  on  the  wheel. 
The  ratio  of  the  teeth  is  10  to  67.  The  motor  is  susjjended 
by  sleeves  on  journals  cut  in  the  axles,  which  are  of  steel, 
and  has  a  tension  bar  from  the  center  of  the  fields  to  the 
end  framing  to  act  as  a  fulcrum.  But  although  this  gear- 
ing has  given  good  results  in  practice,  yet  it  has  been 
considered  desirable  to  seek  for  a  less  expensive  form  of 
gear  of  equal  efficiency  ;  this  having,  it  is  believed,  been 
found,  it  is  not  intended,  as  a  rule,  to  resort  to  the  arrange- 
ment just  described.     For  this  reason  the  trip  of  the  loco- 
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motive  was  not  of  great  length,  nor  were  any  measure- 
ments taken. 

Returning  to  the  engine  house  at  Southwicli  a  self-con- 
tained car  was  next  tried,  upon  which  the  party  made  the 
journey  to  Shoreliain.  At  this  place  a  halt  was  made  for 
lunch,  and  afterward  the  car  traversed  the  whole  length 
of  the  line  to  West  Brighton,  attaining  a  mean  speed  of 
slightly  over  11  miles  an  hour;  the  maximum  speed  prob- 
ably approached  16  or  18  miles  an  hour  on  some  of  the 
inclines.  This  car  is  capable  of  seating  20  passengers, 
and  by  itself  weighs  one  ton  ;  the  weight  of  motor  and 
gearing  is  one  ton.  and  the  accumulators  1.75  tons  ;  a  total 
rolling  load,  when  full  of  passengers,  of  about  5.25  tons. 
The  wheel-base  measures  5  ft.,  and  the  wheels  are  2  ft.  6 
in.  in  diameter.  The  cells,  which  are  84  in  number,  are 
of  the  Tathani  type,  B-size,  with  a  normal  discharging 
rate  of  45  to  50  amperes,  and  a  capacity  of  1 50  ampere- 
hours.  They  are  divided  into  two  separate  batteries,  each 
battery  being  again  divided  into  two  halves.  By  means 
of  a  suitable  switch,  designed  by  Messrs.  Immisch  &  Co.. 
the  two  halves  of  each  battery  can  be  connected  either  in 
parallel  or  in  series,  and  the  two  batteries  can  also  be 
connected  in  parallel  or  in  series  with  each  other.  Out 
of  these  four  possible  arrangements  it  will  be  seen  that 
two  amount  to  the  same  thing  electrically,  so  that  only 
three  different  speeds  are  obtainable  by  this  means.  In 
actual  practice  it  has  been  found  that  these  three  speeds 
fulfill  all  requirements. 

The  motor  is  again  of  the  Immisch  type,  series-wound, 
and  runs  at  i.ooo  revolutions  with  160  volts  and  40  am- 
peres. The  experiments  carried  out  by  the  Syndicate 
have  largely  been  directed  to  the  question  of  heavy  motors 
running  at  slow  speeds,  geared  direct,  vt'rsiis  lighter  motors 
running  at  higher  speeds  with  second-motion  gear.  With 
slow-speed  motors  the  question  of  weight  assumes  great 
importance,  not  only  because  the  motor  itself  must  neces- 
sarily be  comparatively  heavy,  but  because  at  slow  speeds 
the  torque  is  so  great  that  the  gearing  and  all  structural 
parts  connected  with  this  or  the  motor  have  to  be  addi- 
tionally strengthened.  These  additions  to  the  dead 
weight,  combined  with  the  slower  speed,  necessitate  also 
a  greater  current  in  starting  and  upon  inclines,  and  thus 
reacts  injuriously  upon  the  batteries.  A  speed  as  low  as 
350  revolutions  has  been  tried,  but  the  experience  gained 
has  led  to  the  conclusion  that  a  considerably  higher  speed 
is  desirable,  even  although  the  gearing  becomes  more 
complex.  The  motor  now  preferred  runs  at  1,000  revolu- 
tions and  drives  by  means  of  chain  gearing. 

The  chains  are  of  a  type  specially  designed  by  Mr. 
Hans  Renolds.  of  Manchester,  and  the  links  are  excep- 
tionally heavy.  By  means  of  an  intermediate  shaft  the 
speed  of  the  driving-wheels  is  reduced  in  the  proportion 
of  1  to  9.  and  means  are  provided  for  taking  up  the  slack 
of  both  chains  by  shitting  the  journals.  The  gearing  runs 
with  great  smoothness  and  an  almost  entire  absence  of 
noise;  in  fact,  the  car  runs  without  more  noise  than  a 
horse  car. 

The  motor  weighs  about  5^2  cwts.,and  has  an  efficiency 
of  conversion  at  full  load  of  85  per  cent.  Its  average 
working  efficiency  probably  lies  between  75  and  So  per 
cent.  By  winding  the  armature  with  smaller  wire  this 
could  probably  have  been  increased  without  reducing  the 
normal  output;  but  the  element  of  safety  which  exists  in 
an  armature  capable  of  taking  an  excessive  current  would 
be  reduced  in  proportion.  In  this  case  the  factor  of  safety 
as  regards  the  sectional  area  of  the  wire  is  so  great  as  to 
admit  of  the  car  being  stopped  and  started  upon  an  incline 
of  I  in  20.  It  was  proposed  on  Tuesday  to  repeat  this  ex- 
periment, but  time  did  not  permit.  The  current,  however, 
probably  exceeded  100  amperes  under  this  test. 

The  readings  of  the  ammeter  taken  during  the  run 
showed  that  under  an  electro-motive  force  of  80  volts  the 
current  averaged  35  amperes  on  the  level  at  a  speed  of  8 
to  10  miles  an  hour,  rising  to  45  amperes  on  an  incline  of 
I  in  120.  When  the  cells  were  placed  in  series,  giving  a 
terminal  electro-motive  force  of  170  volts,  the  mean  speed 
increased  to  12  or  14  miles  on  the  level  with  a  current  of 
45  amperes.  On  the  incline  of  i  In  20.  and  going  round 
the  sharp  curves,  the  current  Increased  to  80  amperes. 
These  figures  are  little  more  than  approximate,  but  were 


taken  as  a  rough  verification  of  the  results  obtained  by 
more  careful  tests  made  at  leisure  by  the  engineers  of  the 
Syndicate.  The  limits  of  our  space  do  not  permit  us  to 
give  a  specimen  of  these  tables  in  our  present  issue,  but 
we  shall  probably  return  to  the  subject  at  an  early  date. 

The  Electric  Traction  Syndicate  Is  certainly  to  be  com- 
mended for  the  careful  and  thorough  manner  in  which 
they  have  proceeded  to  work  out  the  numerous  problems 
connected  with  the  details  of  the  subject ;  and  especially 
for  their  determination  not  to  come  before  the  public 
until  a  long  series  of  trials  of  a  thoroughly  practical  char- 
acter had  enabled  them  to  undertake  business  with  per- 
fect confidence  In  their  ability  to  carry  it  to  a  successful 
issue. 


The  Electric  Lighting  of  Passenger  Trains. 

[Paper  read  before  the  American  Institute  of  Electrical  Engineers  at  its 
June  meeting  in  New  York,  by  G.  W.  Blodgett,  Electrician  of  the  Boston 
&  Albany  Railroad.] 

A  BEiTER  method  of  lighting  passenger  trains  is  de- 
manded by  considerations  of  economy,  comfort  and  safety. 
Economy  is  a  question  which  chiefly  concerns  the  railroad 
management,  but  comfort  and  safety  concern  all  their 
patrons.  There  are  two  ways  In  which  we  may  seek  these: 
either  by  Improving  the  present  system  or  by  substituting 
a  better  one.  It  is  doubtful  whether  oil  lighting  can  be 
much  improved  and  still  be  reasonable  in  cost,  and  what- 
ever danger  attends  Its  use  would  probably  still  remain. 
I  have  made  careful  inquiry  among  my  railroad  friends 
without  finding  any  Instance,  within  their  personal  knowl- 
edge, where  the  ruins  of  a  railroad  wreck  were  set  on  fire 
by  the  lamps  in  the  train  (indeed  these  are  usually  instantly 
extinguished ),  but  such  an  instance  was  said  by  one  of  the 
survivors  to  have  occurred  In  the  late  disaster  at  Hart- 
ford, Vt.,  and  another  was  mentioned  at  a  recent  meeting 
of  the  New  England  Railroad  Club,  where  the  explosion 
of  a  lamp  set  a  sleeping-car  on  fire,  and  it  burned  with 
nearly  all  the  occupants.  It  is,  however,  certain  that  a  pile 
of  splinters  deluged  with  oil  will  burn  more  fiercely  and 
be  much  more  difficult  to  extinguish,  than  if  in  their 
normal  condition. 

It  Is  therefore  desirable  to  get  rid  of  oil  lamps  for  the 
harm  they  may  do  In  aidine;  the  progress  of  a  fire,  even  if 
they  do  not  cause  one.  The  discomforts  of  oil  lighting. 
In  point  of  amount,  distribution,  unsteadiness  and  color 
of  the  light,  corruption  of  the  air,  and  the  great  heat  given 
out  by  a  large  number  of  lamps  In  a  car  are  other  reasons 
why  a  change  would  be  welcome  to  both  the  railroad 
management  and  the  public,  if  a  reliable  substitute  can  be 
found.  Some  of  the  objections  enumerated  above  apply 
with  equal  force  to  lighting  by  gas,  the  others  are  partially, 
but  not  whollv,  eliminated.  'Electricity,  however,  offers  a 
means  of  lighting  which  comes  nearer  to  meeting  all  the 
requirements  of  a  perfect  light  for  passenger  cars  than 
any  other  yet  discovered. 

There  are  several  ways  In  which  we  may  produce  the 
electricity  for  car  lighting.  It  Is  possible  to  light  a  car 
successfully  by  any  one  of  them,  but  further  experiment 
is  necessary  to  determine  which  Is  the  very  best  to  adopt, 
and  we  have  already  found  some  much  better  adapted 
than  others  to  our  American  trains.  The  different  methods 
will  be  considered  In  order. 

I .  By  primary  batteries.  I  only  know  of  one  experiment 
successfully  going  on  at  present.  A  train  has  been  run- 
ning for  nearly  a  year  between  Paris  and  Brussels,  the 
cars  of  which  are  lighted  by  electricity  from  a  bichromate 
battery.  It  lasts  for  (w^  trips  of  seven  hours  each — that 
is.  35  hours  of  lighting— without  renewal,  which  Is  said  to 
take  only  five  minutes.  No  accurate  estimate  of  cost,  or 
more  detailed  information  is  yet  at  hand.  There  are  sev- 
eral other  batteries  In  the  market  which  appear  well,  and 
if  the  motion  of  the  train  does  not  have  a  deleterious  effect, 
would  seem  possibly  adapted  to  this  work.  My  own  ex- 
perience is  conversant  with  only  one  trial  of  this  kind, 
which  did  not  succeed.  Forty  cells  of  a  battery  which 
had  worked  well  in  several  house  installations  were  put 
In  boxes  suspended  from  the  bottom  of  a  car,  and  16  (?) 
lamps  of  16  C.   P.  each,  put  up  in  the  car.     The  lamps 
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burned  well  for  one  night,  but  the  next  nighi  tin  re  was  tin 
appearance  of  a  sudden  and  enormous  increase  o(  iiuernal 
resistance  in  the  battery,  and  it  was  removed  for  further 
experiment  before  trying  to  light  cars.  An  attempt  was 
made  two  or  three  months  ago  to  light  a  New  York  Central 
passenger  car  with  batteries  of  some  kind,  which  also 
failed,  as  I  am  told. 

Most  primary  batteries  furnish  a  continuous  current  for 
so  short  a  time  without  renewal  tliat  their  use  is  debarred 
on  this  account.  Some  others  will  not  bear  the  shaking 
up  produced  by  the  motion  of  the  train.  I  have  myself 
experimented  for  a  considerable  lime,  but  thus  far  without 
finding  a  battery  which  will  run  on  a  closed  circuit  longer 
than  two  or  three  weeks,  and  at  the  same  time  can  be  car- 
ried on  a  train.  When  such  a  one  can  be  found,  which  at 
the  same  time  gives  a  current  strong  enough  to  light  a 
series  of  lamps,  it  will  have  a  great  field  of  usefulness. 

2.  By  a  dynamo  machine.  There  are  three  ways  in  which 
this  has  been  done.  A  small  dynamo  and  engine  have 
been  mounted  on  the  boiler  or  tender,  and  the  latter  run 
by  steam  from  the  locomotive  boiler.  The  great  objection 
to  this  method  is  that  there  is  no  light  until  the  engine  is 
attached  to  the  train,  nor  if  it  be  temporarily  removed. 
To  obviate  this  difficulty,  a  separate  boiler,  engine  and 
dynamo  have  sometimes  been  carried  in  the  baggage  car 
or  on  a  platform  car  at  the  head  of  a  train.  It  would  seem 
that  the  danger  from  fire  in  this  arrangement  would  be 
quite  as  great  as  by  the  stoves  in  the  cars.  A  method 
tried  with  some  success  in  a  few  instances  in  England  and 
elsewhere  abroad  (but  only  once  in  this  country  to  my 
knowledge),  is  to  run  the  dynamo  from  one  of  the  a.xles  of 
the  train,  the  proper  speed  being  obtamed  by  suitable 
countershafting  and  belts  between  the  axle  and  the  pulley 
of  the  dynamo.  Since  there  would  be  no  light  when  the 
train  is  at  rest  or  when  the  dynamo  was  running  at  too  low 
a  speed,  a  battery  of  accumulators  is  added,  sufficient  to 
keep  lamps  lighted  for  the  longest  time  when  the  train  is 
standing  in  the  station  or  elsewhere.  When  the  train 
stops,  or  is  at  too  low  a  speed  for  the  dynamo  to  light  all 
the  lamps,  thev  are  automatically  switched  to  the  circuit 
of  the  accumulators,  where  they  remain  till  sufficient  speed 
is  again  attained,  when  they  are  switched  bdck  on  the  dy- 
namo circuit.  During  the  day.  when  the  train  is  running, 
the  dynamo  charges  the  accumulators  and  keeps  them  full. 
They  are  sufficient  to  light  the  train  several  hours  if  need 
be.  On  one  train  in  Germany,  the  dynamo  and  26  accu- 
mulators weighed  i  .350  pounds  and  cost  about  S625.  operat- 
ing 12  lamps  :  cost  about  2  cents  per  hour,  or  o'o  cent  per 
lamp  per  hour.  The  London.  Brighton  &  South  Coast 
Railway  Company  fitted  up  four  trains  in  this  way.  In 
one  train  of  11  cars  there  are  thirty-two  16  C.  P.  lamps, 
absorbing  40  amperes  ol  current.  The  accumulators  are 
stated  to  hold  500  amperes  iprobably  500  ampere-hours  is 
meant),  and  when  fully  charged  are  stated  to  be  sufficient 
to  maintain  the  lamps  for  eight  hours.  This  tr.iin  has 
been  running  since  December  19,  18S3;  during  the  first 
1 1  months  it  made  2.352  trips,  and  ran  27,322  miles.  No 
failures  are  reported.  A  train  on  the  Southeastern  Rail- 
way has  even  run  a  longer  distance.  The  dynamos  on 
these  trains  have  an  E.  M.  F.  of  45  volts  and  give  56  am- 
peres of  current.  Two  pairs  of  brushes  are  mounted  on  a  | 
rocking  frame,  so  contrived  that,  when  the  train  runs  in  | 
one  direction  by  means  of  a  lever  loosely  connected  with 
the  dynamo  a.xle  and  varied  in  position  by  attraction  of 
the  pole  pieces  of  the  field  magnets,  it  tilts  the  frame  in 
the  direction  to  bring  one  pair  of  brushes  in  contact  with 
the  commutator.  If  the  train  runs  in  the  opposite  direc- 
tion, the  other  pair  of  brushes  are  brought  to  bear  on  the 
commutator.  A  vessel  containing  mercury  has  revolving 
within  it  a  coarse-threaded  screw  driven  by  a  belt  from 
the  dynamo-axle.  At  each  end  of  the  vessel  is  a  vertical 
tube,  at  the  upper  end  of  which  is  an  adjustable  contact 
screw.  When  the  dynamo,  and,  consequently,  the  screw, 
revolves  in  one  direction  the  mercury  rises  in  one  tube.  If 
the  motion  be  reversed,  it  rises  in  the  other  tube,  and  when 
it  makes  contact  with  the  screw,  the  shunt  circuit  of  the 
dynamo  is  joined  up.  the  field  magnets  are  charged,  the 
lever  is  drawn  up  and  one  pair  of  brushes  brought  to  bear 
on  the  commutator,  which  completes  the  circuit  for 
charging  the  accumulators.     When  the  lamps  are  lighted    ; 


and  the  Irani  is  in  mui  ion  the  dynamo  feeds  them,  the  ac- 
cumulators nierel)  acting  as  a  regulator.  If  more  current 
is  being  generated  than  the  lamps  require,  it  goes  to  the 
accumulators.  If  less,  the  balance  is  given  out  by  them. 
When  the  speed  of  the  train  slackens  the  fall  of  mercury 
in  one  of  the  tubes  breaks  contact  with  the  adjustable 
screw,  the  field-magnet  circuit  is  broken,  and  the  brushes 
are  removed  from  the  commutator,  the  lamps  continuing 
'    lighted  by  means  of  the  current  from  the  accumulators. 

The  apparatus  can  be  used  for  several  weeks  with  no  at- 
tention beyond  lubrication,  and  at  the  end  of  this  period 
only  a  re-adjustment  of  the  commutator  brushes  is  neces- 
sary, which  puts  the  machine  in  condition  lor  a  like  longer 
period.     The  weight  of  the  apparatus  is  about  two  tons. 

The  connections  between  the  cars  are  made  by  coupling 
two  cables  together.  A  slightly  diflerent  arrangement  of 
circuits  has  the  field  magnets  of  the  dynamo  wound  with 
two  wires  in  opposite  directions,  one  of  which  is  in  shunt 
to  the  armature,  as  if  the  dynamo  were  an  ordinary  shunt 
machine.  The  other  is  wound  as  if  the  dynamo  were  a 
compound  machine,  and  the  accumulators  are  in  series 
with  this  wire.  The  lamps  are  also  in  shunt  with  the 
armature. 

There  is  a  cut-out  to  break  the  circuit  of  the  armature 
when  the  dynamo  runs  below  a  certain  speed  ;  this  pre- 
vents the  cells  discharging  themselves  through  it  and  burn- 
ing it  out.  If  the  dynamo  does  not  furnish  current  enough 
for  the  lamps,  the  accumulators  supply  the  balance,  and, 
in  doing  so.  strengthen  the  field  magnets  anH  cause  an  in- 
crease of  current  in  the  dynamos.  When  this  reaches  a 
greater  amount  than  that  needed  by  the  lamps,  the  sur- 
plus goes  to  the  accumulators,  and  at  the  same  time  de- 
creases the  magnetism  in  the  field  magnet  so  as  to  preserve 
the  balance.  At  the  maximum  speed  of  the  machine,  the 
cells  are  receiving  their  maximum  charge,  and  the  current 
to  the  lamps  is  of  normal  amount.  Two  sets  of  brushes 
are  here  necessary,  as  in  the  other  case.  Mr.  Barrett,  of 
Springfield,  Mass.,  has  fitted  a  train  of  three  cars  on  the 
Connecticut  River  Railroad  with  electric  lights  to  be  run 
from  a  dynamo  in  something  the  same  way  as  these  just 
described.  The  peculiar  arrangement  of  the  trucks  under 
an  American  car  renders  it  a  matter  of  difficulty  to  obtain 
the  proper  speed  of  the  dynamo,  and  I  am  told  Mr.  Barrett 
has  had  much  trouble  w'lth  the  connections  between  the 
;  axle  and  countershaft.  If  these  are  not  kept  tight  the 
cable  slips.  If  too  tight  it  breaks.  An  ingenious  device 
like  a  friction  clamp  transmits  the  power  from  the  counter- 
shaft axle  to  a  pulley  upon  it.  This  is  governed  by  cen- 
trifugal weights  balanced  by  stiff  springs.  When  the  dy- 
namo runs  at  its  normal  speed  these  just  balance  the  fric- 
tion ol  the  clamp,  and  there  is  no  slip.  Any  increase  of 
speed  then  causes  the  friction  to  diminish,  and  the  pulley 
slips  upon  the  shaft,  till  equilibrium  is  restored.  Twenty- 
four  Julien  accumulators  are  connected  with  the  circuit  as 
a  regulator,  and  to  keep  the  lamps  lighted  when  the  train 
stops.  A  centrifugal  governor  breaks  the  circuit  of  the 
accumulators  when  the  speed  slackens. 

3.  A  third  arrangement  of  electric  carlighting  is  by  accu- 
mulators on  the  train,  to  be  charged  by  a  dynamo  at  a 
central  station  or  terminus  of  the  road.  In  England  a 
Pullman  train  has  been  running  some  years  lighted  by 
I  electricity,  supplied  by  accumulators  charged  when  the 
train  is  at  rest  by  a  dynamo  driven  by  a  gas  engine.  The 
Pennsylvania  Railroad  Company  experimented  more  than 
two  years  ago  with  accumulators  charged  at  one  end  of 
the  line.  When  the  train  arrived  at  Jersey  City  the  trays 
containing  the  cells  were  removed  from  the  car  to  a 
charging  room,  their  places  being  supplied  by  spare  cells 
previously  charged.  The  empty  ones  were  charged  to  be 
replaced  in  the  first  car  needing  its  batteries  changed,  and 
these  in  turn  to  serv  e  other  cars.  The  changing  of  the  cells 
in  a  car  took  about  ten  minutes.  These  experiments  were 
in  the  main  satisfactory,  but  the  weak  point  was  the  life 
of  the  cells,  the  plates  of  which  after  a  time  buckled  and 
fell  to  pieces.  These  cells  were  furnished  by  the  Brush 
Electric  Company  for  these  experiments,  but  they  declined 
to  send  out  any  more  to  be  used  in  the  same  way  until  the 
Pennsylvania  Railroad  experiments  should  be  ended.  The 
estimated  cost  of  fitting  a  car  with  10  lamps  and  batteries 
for  70  ampere  hours  was  about  $300  per  car. 
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In  the  month  of  January  of  the  present  year,  the  Julien 
Electric  Company  placed  60  cells  of  their  accumulators  | 
m  boxes  on  car  No.  90  of  the  Boston  tSt  Albany  Railroad, 
and  put  in  twelve  16  candle-power  lights  in  the  car.  These 
proved  to  be  insufficient  and  the  number  was  afterwards  in- 
creased to  24,  of  which  20  were  on  the  carantl  four  over  the 
platform.  This  car  was  run  some  two  months  as  an  experi- 
ment, with  such  excellent  results  that  in  March  and  April 
the  trains  leaving  Boston  and  New  York  at  4.30  r.  m.  every 
day  were  fitted  up  with  the  same  system.  (These  trains 
are  also  heated  with  steam  from  the  locomotive,  and  there 
are  no  fires  or  oil  lamps  in  any  of  the  cars).  Each  coach  and 
parlor  car  is  fitted  with  twenty-two  16  C.  P.  incandescent 
lamps,  of  which  two  are  over  the  platforms,  16  in  the  body 
of  the  car  and  the  rest  in  the  vestibules  and  toilet-rooms. 
The  lamps  in  the  car  are  arranged  opposite  each  other  in 
two  rows  in  the  top  of  the  car,  and  are  on  two  circuits 
entirely  independent  of  each  other,  each  of  which  has  a 
switch  of  its  own  by  which  the  lamps  may  be  turned  on 
or  off.  The  platforms  are  so  arranged  as  to  be  lighted 
from  either  end  of  the  car.  They  may,  if  desired,  be 
lighted  only  just  before  reaching  a  station  and  extinguished 
just  after  leaving  it. 

Sixty  cells  of  .lulien  accumulators  are  arranged  in  boxes 
under  the  car,  30  cells  on  each  side.  The  weight  is  about 
one  ton.  The  boxes  are  neat  and  ornamental  in  appear- 
ance, and  the  30  cells  on  each  side  of  the  cars  are  entirely 
independent  of  those  on  the  other  side,  and  are  separately 
wired  as  far  as  the  switch-board. 

The  cells  have  a  capacity  of  i  50  ampere-hours  and  60 
volts  an  each  side  of  the  car.  As  60  volt  lamps  are  used, 
the  accumulators  on  each  side  of  the  car  will  run  all  the 
lamps,  but  of  course  for  only  half  the  time  the  whole  will 
do  it.  They  are  arranged  in  trays  of  six  cells  each, 
furnished  with  handles;  they  weigh  200  pounds  and  can 
be  raised  from  the  ground  and  put  in  the  car  by  two  men. 
The  trays  are  fitted  on  the  outside  with  stiff  brass  springs, 
which,  when  the  trays  are  in  place,  bear  against  each 
other,  and  form  the  connection  between  each  tray  and  the 
next.  When  the  trays  are  in  place  in  the  boxes  the  con- 
nections are  all  made.  There  are,  therefore,  no  wires  to 
disjoin  or  connections  to  make,  when  it  is  desired  to 
remove  a  tray  for  examination  or  otherwise.  From  the 
boxes  on  each  side  of  the  car,  wires  are  carried  underneath 
the  car  to  a  switch-board  in  one  of  the  toilet  rooms,  which 
also  receives  the  terminals  of  the  lamp  circuits.  The 
switch-board  is  so  arranged  that  the  number  of  cells  in 
use  can  be  varied  from  27  in  series  to  30  in  series,  the 
others  being  added  from  time  to  time,  to  keep  up  the 
candle-power  of  the  lamps,  as  the  E.  >f .  F.  of  the  cells  falls. 
Experiments  are  now  being  made  to  do  away  with  the 
necessity  for  this,  and  if  it  is  found  practicable,  it  will  be 
discontinued. 

Two  terminals  underneath  the  middle  of  the  car  on 
either  side  serve  to  connect  by  means  of  plugs  a  pair  of 
cables  connected  with  wires  leading  to  a  dynamo  in  a 
lighting  station  a  little  way  off.  These  terminals  are  of 
different  size,  so  that  no  mistake  can  be  made  in  the  con- 
nections. When  the  accumulators  are  charged  the  whole 
60  cells  are  placed  in  series ;  when  they  are  connected  to 
the  lamps  there  are  30  cells  in  two  series  coupled  together. 
In  order  that  there  should  be  no  confusion  or  errors  in 
doing  this,  I  designed  a  switch  which  should,  by  a  single 
movement  in  one  direction,  of  four  levers  coupled  to- 
gether, throw  all  the  cells  in  series  and  connect  them  to 
the  dynamo  circuit.  In  this  position  they  are  entirely  de- 
tached from  the  lamp  circuits  and  no  current  can  pass  to 
the  lamps.  When  this  switch  is  thrown  in  the  opposite 
direction,  the  cell's  are  cut  off  from  the  dynamo,  coupled 
in  two  series  of  30  cells  each,  and  connected  to  the  lamp 
circuits,  which,  however,  do  not  light  until  turned  on  by 
the  special  switches  for  that  purpose. 

It  is  quite  unlikely  that  an  accident  to  either  of  the  lamp 
circuits  or  the  batteries  on  one  side  of  the  car  would  dis- 
able the  other.  By  turning  out  the  lamps  on  one  circuit, 
therefore,  the  others  may  usually  be  kept  burning  till  the 
train  arrives  at  its  destination.  In  two  instances  this  ar- 
rangement of  circuits  has  proved  very  valuable. 

All  the  cars,  except  one,  are  fitted  with  Weston  incandes- 
cent  lamps,  said   to   take    i.i    amperes.     The   remaining 
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car  has  Edison  lamps,  which  are  proving  so  satisfactor)' 
that  it  IS  quite  probable  all  new  work  will  be  equipped  with 
the  Edison  apparatus. 

When  the  train  arrives  at  Boston  it  is  put  on  a  side 
track  near  which  a  line  of  poles  has  been  set  and  the 
dynamo  wires  strung  upon  them.  Opposite  .each  car  a 
pair  of  terminals  serve  to  make  connection  with  the  car 
and  the  charging  begins.  A  current  of  18  amperes  is 
run  in  for  several  hours,  dropping  to  12  and  sometimes 
10  amperes  toward  the  end  of  the  charge,  which  is  no« 
180  ampere-hours  to  the  60  cells  in  series.  If  there  weie 
no  loss  we  could  draw  out  360  ampere-hours  in  the  lamps. 
Assuming  that  the  lamps  use  i.i  amperes  each,  we  actu- 
ally use  about  22  x  i.i  ampere  x  9  hours  ='  about  216 
ampere-hours,  or  60  per  cent,  of  what  is  put  in.  If  the 
lamps  are  required  an  extra  hour  or  two  there  is  plenty  of 
reserve  for  them.  The  attempt  was  made  to  reduce  the 
charge  to  140  or  130  ampere-hours,  but  as  some  of  the 
batteries  were  not  in  first-class  condition  the  results  were 
not  so  good. 

Mr.  A.  Reckenzaun,  in  a  recent  article  on  storage 
batteries,  gives  the  average  efficiency  as  not  less  then  70 
per  cent.  The  Julien  Company  claims,  I  understand,  80  to 
85  per  cent,  for  its  batteries.  Doubtless  this  can  be  realized 
under  special  condition,  but  my  own  experience  would 
not  warrant  me  in  assuming  so  much  in  car  lighting — at 
least  until  the  most  favorable  conditions  of  use  are  better 
understood. 

The  intention  is  to  always  have  a  surplus  of  current  in 
the  battery.  For  the  present,  the  trains  run  a  round 
trip  to  New  York  and  return  with  once  charging,  but  it 
is  not  yet  quite  certain  that  it  can  be  done  in  the  long 
nights  of  winter. 

The  cost  of  fitting  these  cars  with  accumulators  and 
lamps  was,  when  complete,  about  S900  per  car.  Others 
fitted  in  the  same  way  would  cost  less,  as  on  this  work 
the  men  were  all  inexperienced  and  there  were  no  plans 
or  precedents.  The  cost  ot  operating  the  lights  is  not  far 
from  §2  per  car  per  day,  or  about  one  cent  per  hour  per 
lamp.  When  the  lights  are  needed  a  longer  time,  as  in 
the  dark  days  of  winter,  the  cost  per  lamp  per  hour  would 
diminish.  This  is  about  ten  times  that  of  oil,  and  very 
nearly  the  same  as  for  gas,  but  taking  into  consideration 
the  amount  of  light  obtained,  electricity  is  the  cheapest  of 
the  three,  and  immeasurably  the  most  convenient.  The 
light  is  very  brilliant,  well  diffused,  steady,  and  satisfac- 
tory beyond  all  expectations.  A  very  noticeable  feature 
of  these  cars  is  the  great  absence  of  heat,  and  the  purity 
of  the  air,  which  is  as  fresh  and  sweet  in  the  car  at  the 
end  of  its  trip  as  before  it  leaves  the  first  station  ;  this, 
together  with  the  absence  of  danger  from  fire,  especially 
commends  it  for  sleeping-cars.  Several  trains  are  now 
1  also  being  lighted  with  accumulators  by  the  Electrical 
I  Accumulator'Company  with  satisfactory  results. 
1  The  electric  light  has  come  to  stay.  It  is  the  only  one 
which  anywhere  near  fills  the  conditions  of  a  satisfactory 
light  for 'railway  trains.  It  can  be  readily  adapted  to 
almost  any  conditions  to  be  met  with  in  practice. 

Oil  lamps  and  stoves  in  cars,  must  follow  where  the  old 
couplers  and  hand-brakes  for  passenger  trains  have  gone 
in  this  country,  until  electricity  and  steam  heat  have 
made  the  roasting  alive  of  scores  of  people  penned  fast  in 
a  railroad  wreck  as  impossible  as  the  air-brake  and  the 
Miller  platform  have  made  the  telescoping  of  a  train  into 
a  shapeless  mass  of  ruins,  as  was  formerly  the  case.  Not 
many  years  hence,  we  may  well  hope,  one  will  be  as  un- 
common as  the  other. 


The  Electric  Lighthouse  on  the  Isle  of  May. 

(Paper  read  bclorc  the  English  Insuiuti^.Ti  i.i  Mechanical  Ensnieers  by 
David  A.  Stevenson,  F.  R.  S.  E.] 

The  lighthouse  situated  on  the  Isle  of  May,  at  the 
mouth  of  the  Firth  of  Forth,  has  recently  been  lighted 
with  electricity  ;  and  as  this  light,  besides  being,  the  author 
believes,  the  most  powerful  in  the  world,  possesses  several 
novel  features,  he  has  the  pleasure  of  offering  the  follow- 
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ing  notes  regarding  it.  trusting  that  they  will  prove  of 
interest  in  connection  with  the  visit  to  be  made  to  the 
lighthouse  on  the  occasion  of  the  present  meeting. 

The  Isle  of  May  was  originally  lighted  in  1636  with  an 
open  coal  fire.  In  i8i6.  the  Commissioners  of  Northern 
Lighthouses,  having  previously  purchased  the  island  with 
the  right  to  levy  tolls  for  the  lighthouse,  altered  the  light 
to  argand  lamps  with  silvered  parabolic  reflectors.  In 
1836,  it  was  converted  to  the  dioptric  system,  with  a  first  | 
order  fi.xed  light  apparatus  and  a  four-wick  burner ;  and 
on  December  i,  1886,  the  electric  light  was  substituted 
and  shown  in  connection  with  a  dioptric  condensing 
apparatus.  For  the  last  15  years  the  Commissioners  of 
Northern  Lighthouses,  acting  under  the  advice  of  their 
engineers.  Messrs.  Stevenson,  had  been  anxious  to  estab- 
lish an  electric  light  on  the  Scottish  coast ;  but  it  was  not  | 
till  18S3  that  the  Board  of  Trade  were  able  to  sanction  the 
expenditure,  and  suggested  its  introduction  at  the  Isle  of 
May  on  the  ground  that  "  there  was  no  more  important 
station  on  the  Scottish  shores,  whether  considered  as  a 
landfall,  as  a  light  for  the  guidance  of  the  extensive  or 
important  trade  of  the  neighboring  coast,  or  as  a  light  to 
lead  into  the  refuge  harbor  of  the  Forth." 

Notwithstanding  the  difficult  access  and  isolated  posi- 
tion of  the  Isle  of  May,  distant  5  miles  from  the  Fife 
shore,  which  is  the  nearest  land,  it  was  resolved  to  accept 
the  view  of  the  Board  of  Trade,  and  to  introduce  the  electric 
light  there.  The  necessary  plans  and  specifications  were 
accordingly  prepared  by  Messrs.  Stevenson  :  and  the  works 
begun  in  June.  1885.  were  completed,  and  the  new  light 
installed  by  December,  18S6. 

It  was  originally  intended  by  Messrs.  Stevenson  to  use 
the  Brush  compound-wound  Victoria  dynamo,  giving  a 
continuous  current,  and  supplying  a  single  automatically- 
fed  arc  lamp  with  the  positive  carbon  below.  This  system 
was  selected  as  being  at  once  cheaper,  and  as  giving  a 
stronger  light-power  for  the  engine-power  applied  than 
the  magneto-electric  machines,  which  had  hitherto,  with 
success  at  least,  been  exclusively  used  in  lighthouses. 
The  placing  of  the  positive  carbon  below  was  adopted  in 
order  that  the  strongest  light  might  be  thrown  upward, 
so  as  to  be  dealt  with  by  the  upper  part  of  the  dioptric 
apparatus,  and  thus  be  more  effectively  utilized.  The 
Brush  Company  at  once  set  to  work  to  produce  a  lamp  of 
the  above  description,  giving,  with  a  current  of  100  am- 
peres and  70  volts,  a  light  of  30.000  candle-power  in  the 
horizontal  line,  steady  and  suitable  for  burning  in  a  light- 
house. This,  unfortunately,  they  were  unable  to  accom- 
plish, even  after  numerous  trials ;  and  at  last,  as  the  build- 
ings on  the  island  were  nearly  completed  and  it  became 
necessary  at  once  to  procure  reliable  apparatus,  recourse 
was  had  to  the  more  expensive  alternate-current  machines 
of  De  Meritens,  which,  though  not  so  powerful,  are  ad- 
mirably steady  in  working,  and  had  given  excellent  results 
in  several  lighthouses  and  also  at  the  South  Foreland  ex- 
periments. 

The  generators  at  the  Isle  of  May  are  two  of  De  Meri- 
tens's  alternate-current  magneto  electric  machines  of  the 
L  type,  and  are  of  the  largest  size  hitherto  constructed, 
weighing  about  4>2  tons  each.  The  induction  arrange- 
ment of  each  machine  consists  of  5  sets  of  12  permanent 
magnets.  60  in  all ;  and  each  magnet  is  made  up  of  8  steel 
plates.  The  armature.  2  ft.  6  in.  diameter,  is  composed 
of  5  rings,  with  24  bobbins  on  each,  arranged  in  groups  of 
4  in  tension  and  6  in  quanity  ;  it  makes  600  revolutions 
per  minute. 

With  the  circuit  open  each  machine  develops  an  elec- 
tromotive force  of  80  volts  measured  at  the  distributor, 
and  with  the  circuit  closed  through  an  arc,  40  volts.  An 
average  current  of  220  amperes  is  developed,  thus  yielding 
an  electrical  energy  of  8,800  watts,  or  11.7  H.  P.  in  the 
external  circuit.  The  five  rings  are  so  arranged  that  one- 
fifth,  two-fifths,  three-fifths,  four-fifths,  or  the  whole  of 
the  current  of  a  machine  can  at  pleasure  be  sent  to  the 
distributor  for  transmission  to  the  lantern  ;  and,  further, 
the  two  machines  can  be  coupled,  and  the  full  current 
from  both  be  employed.  The  machines  are  placed  in  the 
engine-room,  bolted  down  to  concrete  foundations  and 
driven  from  a  counter  shaft. 

The  engines  are  a  pair  of  horizontal,  surface-condensing 


steam  engines,  each  with  two  cylinders  of  9  in.  diameter 
and  18  in.  stroke,  making  140  revolutions  per  minute,  and 
each  indicating  17.7  H.  P.  with  40  lbs.  steam  pressure 
above  atmosphere  and  11  lbs.  vacuum.  To  provide  against 
accident  or  failure  of  water  supply,  they  have  been  ar- 
ranged so  as  to  be  capable  of  being  worked  either  con- 
densing or  non-condensing.  Hither  of  them  is  sufficient 
to  drive  one  machine,  the  other  engine  being  idle ;  or  the 
two  can  be  used  together  for  driving  both  machines  in 
thick  weather.  The  steam  to  both  cylinders  is  regulated 
by  an  equilibrium  throttle-valve,  which  is  controlled  by  a 
high-speed  governor,  adjusted  for  the  engine  to  run  at  the 
normal  speed  of  140  revolutions  per  minute.  Single,  in 
place  of  compound,  engines  were  adopted,  because  they 
are  less  complicated  and  better  suited  for  the  less  skilled 
attendance  of  ordinary  lightkeepers.  Probably  also,  greater 
regularity  in  driving  has  thus  been  secured,  which  is,  of 
course,  a  matter  of  the  greatest  importance  in  electric 
lighting,  especially  where,  as  is  the  case,  there  is  only  a 
single  arc-lamp  in  the  circuit  forming  the  resistance.  The 
result  has  been  eminently  satisfactory ;  and  the  engints, 
which  were  built  by  Messrs.  Umpherston  of  Leith,  are  a 
most  excellent  piece  of  work. 

There  are  two  steam  boilers,  of  which  only  one  is  in  use 
at  a  time,  the  other  being  spare.  Each  is  20  ft.  long,  and 
5  ft.  6  in.  diameter,  with  one  furnace  flue  3  ft.  diameter 
and  8  ft.  long,  having  six  cross  Galloway  water  tubes. 
The  shells  are  of  best  ^s-in.  steel  plates,  with  the  longitu- 
dinal joints  double  riveted;  and  they  were  tested  up  to 
no  lbs.  per  square  inch,  the  working  pressure  being  40 
lbs.  The  feed  is  principally  rain  water  collected  from  the 
roofs  and  the  pavement  of  the  court;  but  water  can,  if 
required,  be  taken  from  the  small  loch,  which  is  also  used 
for  condensing  purposes.  The  coal  consumption  is  1  cwt. 
per  hour  of  lighting,  which  includes  banking  the  fires 
during  the  day. 

The  current  generated  in  the  engine-room  is  conveyed 
to  the  lantern  by  leads,  which  consist  of  copper  rods  of  25 
millimeters  or  i  in.  diameter,  covered  with-a  double  water- 
proof wrapper.  This  is  the  first  time  that  copper  rods 
have  been  used  for  conducting  the  current  for  lighthouse 
illumination.  They  are  constructed  in  14  ft.  lengths,  the 
joints  being  formed  with  a  zigzag  scarf  screwed  up  tightly 
by  gun-metal  coupling-boxes  with  four  bolts  in  each.  They 
are  carried  by  timber  bearers,  placed  in  a  groove  made  for 
them  in  the  side  of  a  concrete  wall  running  from  the 
engine-room  to  the  tower.  The  total  distance  to  the  Ian 
tern  is  880  ft.  Several  bends  are  introduced  to  allow  for 
expansion  and  contraction  due  to  changes  of  temperature. 
The  loss  in  the  leads  was  expected  not  to  exceed  one-sixth 
of  the  total  energy  generated  ;  but  it  is  considerably  more 
than  this,  amounting  to  at  least  one-fifth. 

The  lamps,  of  which  there  are  three,  one  in  use  and  two 
spare,  are  of  the  Serrin-Berjot  type,  with  some  modifica- 
tions— notaMy,  the  shunt  or  bye-pass,  first  introduced  in 
the  South  Foreland  experiments  on  the  suggestion  of  Dr. 
Hopkinson.  whereby  a  large  percentage  of  the  current 
goes  direct  to  the  lower  carbon,  and  only  an  amount  sjfii- 
cient  to  regulate  the  carbons  is  passed  through  the  lamp. 
This  is  a  great  improvement  and  prevents  injury  to  the 
lamp  from  heating.  The  weak  point  about  it.  in  the 
lamps  sent  to  the  Isle  of  May,  was  that  the  contact  between 
the  lower  carbon-holder  and  the  bye-pass,  being  neces- 
sarily a  sliding  contact,  was  effected  by  copper- wire 
brushes  ;  and  these  were  found  to  wear  out  rapidly.  On 
the  suggestion  of  Mr.  Munro,  the  engineer  in  charge  of 
the  station,  a  simple  form  of  mercury  contact  has  been 
substituted,  and  works  quite  satisfactorily. 

The  carbons  in  use  are  40  millimeters  or  1.6  in.  diameter  ; 
but  if  desired  50  mm.  or  2-in.  carbons  can  be  used  when 
both  machines  are  running.  They  are  Siemens  make 
and  have  a  soft  central  core  of  pure  graphite,  which  has 
the  effect  of  causing  them  to  burn  with  greater  regularity 
and  steadiness  than  they  otherwise  would,  and  prevents  a 
crater  from  forming  and  remaining  at  one  side.  The  rate 
of  consumption  of  the  40  mm.  carbons  is  i  '+  in.  per  hour, 
or  2  in.  including  waste.  The  power  of  the  arc  is  esti- 
mated at  12,000  to  16.000  candles  when  one  machine  only 
is  running. 

The  dioptric  apparatus,  which  was  manufactured  from 
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Messrs.  Stevenson's  designs  by  Messrs.  Chance,  of  Bir- 
mingham, is  of  a  novel  description,  the  condensing  prin- 
ciple being  carried  furthcrthan  in  any  apparatus  previously 
constructed.  This  principle  consists  in  daikening  certain 
sectors  by  diverting  the  light  from  them,  and  throwing  it 
into  the  adjoining  sectors  so  as  to  reinforce  their  light. 
Thus,  the  power  of  the  light  is  increased  in  proportion  as 
the  dark  arc  is  increased.  Although  interesting  we  must 
pass  rapidly  over  this  portion  of  the  paper,  just  mention- 
ing that  an  arrangement  is  made  for  dipping  the  light 
during  fog  which  has  not  yet  been  used;  but  as  soon  as 
the  lightkeepers,  who,  with  the  exception  of  the  engineer, 
were  the  ordinary  keepers  in  the  service  and  knew  noth- 
ing of  electric  lighting,  have  become  thoroughly  familiar 
with  their  duties,  it  is  intended  to  introduce  it,  and  prob- 
ably in  the  same  way  employ  a  less  powerful  current,  and 
say  25  mm.  or  i-in.  carbons  in  very  clear  weather  ;  while 
both  machines  with  50  mm.  or  2-in.  carbons  will  be  used 
in  very  thick  weather.  The  lamps  can.  by  a  carefully  de- 
signed arrangement,  be  changed  in  eight  seconds. 

The  resulting  beam  of  light  from  this  apparatus  is  about 
three  million  candles  when  one  machine  is  in  use,  and 
with  both  machines  six  millions  ;  that  is.  about  300  and 
600  times  more  powerful  than  the  old  fixed  oil  light. 
When  the  three-wick  oil  lamp  is  put  in  the  focus  of  this 
apparatus  the  emergent  beam  is  more  powerful  than  the 
old  fixed  oil  light  with  a  four-wick  lamp,  which  was  9,446 
candles.  The  light  has  been  picked  up  and  recognized 
by  sailors  at  40  and  50  miles  off  by  the  flashes  illuminat- 
ing the  clouds  overhead,  although  the  geographical  range 
of  the  light  is  only  22  miles. 

The  engine-room  is  connected  by  telephone  with  the 
light-room,  and  the  houses  of  the  keepers  are  connected 
by  air  whistles  or  electric  bells  with  either  the  light-room 
or  the  engine-room. 

The  new  buildings,  engines,  electric  machines.  lamps, 
etc.,  have  cost  /i 5.835;  and  the  buildings,  lantern,  etc., 
previously  on  the  island,  which  have  been  utilized,  may 
be  valued  at  £6,600.  Thus,  the  total  cost  of  the  installation 
may  be  taken  at  ^22,435  ;  and  the  cost  of  maintenance 
will  not  exceed  £1.0^0  per  annum.  These  figures  are  very 
moderate,  considering  the  great  power  of  the  light  and 
the  isolated  position  of  the  lighthouse.  To  compare  the 
cost  of  this  installation  with  what  it  would  have  been  if 
oil  were  the  illuminant.  there  must  be  added  to  the  above 
j£6,6oo  for  buildings,  a  sum  of  ^^2,925  for  the  cost  of  the 
apparatus  and  machine,  etc.,  making  a  total  of  ^9,525, 
while  the  cost  of  maintenance  would  have  been  ^330  per 
annum.  Taking  these  figures,  and  adding  to  the  mainten- 
ance 3,'2  per  cent,  on  the  original  outlay,  it  is  found  that 
while  the  oil  light  would  cost  3.49  shillings  per  hour  and 
0.00017  penny  per  candle-power  per  hour,  the  electric 
light  costs  9.66  shillings  per  hour,  2^4  times  more,  and 
0.000038  penny  per  candle-power,  or  less  than  one-quarter 
of  what  the  oil  light  would  cost  per  candle-power.  This 
is  taking  the  electric-light  power  of  one  machine. 

Surprise  has  frequently  been  expressed  by  masters  of 
vessels,  and  by  residents  on  the  neighboring  shores  who 
live  in  view  of  the  Isle  of  May  light,  that  this  light,  which 
is  so  extremely  brilliant  in  clear  weather  as  to  cast  shadows 
at  a  distance  of  10  and  15  miles,  is  so  cut  down  by  fog  that 
some  even  go  the  length  of  believing  the  old  oil  light  was 
better  in  fog.  All  who  have  experience  of  the  electric 
light  are  quite  prepared  for  the  first  part  of  this  state- 
ment; while  the  last,  it  need  hardly  be  said,  is  a  mistake, 
inasmuch  as  the  electric  arc  has  been  proved  both  by  ex- 
periment in  natural  and  artificial  fog,  and  also  by  obser- 
vations on  existing  lighthouses  lighted  by  electricity,  to 
be  in  all  circumstances  of  weather  the  most  penetrating. 
Every  night  at  12  o'clock  the  lightkeepers  at  .St.  Abbs 
Head,  22  miles  distant,  where  there  is  a  first-order  flashing 
light  and  one  of  the  most  powerful  oil  lights  in  the  ser- 
vice, observe  the  Isle  of  May  light,  while  the  keepers 
there  also  observe  the  St.  Abbs  Head  light.  The  result 
of  the  last  five  months'  observations  is  that  the  Isle  of 
May  light  is  seen  one-third  oftener  from  St.  Abbs  Head 
than  the  St.  Abbs  Head  light  is  seen  from  the  Isle  of  May. 
It  is  perfectly  true,  however,  that  the  superiority  which  is 
so  apparent  in  clear  and  rainy  weather  is  very  much  re- 
duced in  hazy  weather  and  practically  disappears  in  very 


dense  fog.  Looking  to  this  fact  and  to  the  large  first  cost 
and  annual  maintenance,  the  author  feels  that  the  con- 
clusion arrived  at  by  the  Trinity  House  is  sound,  namely, 
that  electricity  should  be  used  only  for  important  landfal 
lights. 

If,  however,  the  most  powerful  light  be  desired  indepen- 
dently of  cost,  then  the  electric  arc  has  no  rival.  -And  if 
the  further  expense  is  to  be  incurred  of  introducing  biform, 
triform,  quadriform  or  even  double  (luadriform  lights, 
then  the  electric  light  is  better  adapted  than  any  other 
illuminant,  because,  on  account  of  its  focal  compactness 
and  other  properties,  it  can  be  so  dealt  with  by  suitably 
designed  dioptric  apparatus  that  the  whole  light  evolved 
is  effectually  utilized.  This  is  not  the  case  with  the  large 
gas  or  oil  flames  generally  used  in  the  multiform  system, 
in  which,  for  this  and  other  reasons,  a  considerable  loss 
of  light  is  incurred.  Moreover,  the  coolness  of  the  elec- 
tric arc  renders  multiform  lights  really  practicable  with 
electricity,  which  can  hardly  be  said  to  be  the  case  either 
with  gas  or  with  oil. 

The  author  of  this  paper,  however,  inclines  to  the  use 
of  hyper-radiant  apparatus. 


Russian  Petroleum. 

A  REi'ORT  made  to  the  State  Department  by  James  C. 
Chambers,  United  States  Consular  Agent  at  Batoum, 
gives  some  interesting  particulars  in  relation  to  the  pro- 
duction of  petroleum  in  Russia,  and  we  present  below 
extracts  from  it  at  considerable  length  : 

THE   PETROLEUM    FIELDS. 

The  great  petroleum  producing  district  is  about  8  miles 
north  of  Baku,  and  is  called  Balakhani,  taking  the  name 
of  the  Tartar  village  near  it  Different  parts  of  the  dis- 
trict are  known  by  other  names,  such  as  Sabunchi  on  the 
south,  the  Garden  on  the  east,  and  Shaitan  Bazar  in  the 
center:  and  local  statisticians  have  again  subdivided  the 
fields  into  groups,  of  which  there  are  17  in  the  Balakhani 
district  and  i  at  Surakhani,  about  5  miles  southeast  of 
the  main  district.  At  Surakhani  there  have  been  23 
wells  drilled,  the  last  one  I  think  about  the  year  1879, 
but  I  find  no  estimate  for  the  production  of  these  wells, 
and  I  understand  that  they  have  produced  little  or  no  oil 
for  several  years.  There  is  also  a  large  refinery  at  Surak- 
hani, which  is  supplied  with  crude  oil  by  pipe-line  from 
Balakhani. 

Between  2  and  3  miles  south  of  Baku,  on  the  seashore, 
is  another  producing  district,  the  area  of  which,  as  at 
present  divided,  is  ver\'  small,  called  Bibi-Eibat.  Twenty- 
two  wells  have  been  drilled  here,  and  14  of  them  were 
producing  in  July,  1886.  In  September  one  of  those  wells 
was  drilled  deeper,  resulting  in  a  large  flow  of  oil.  The 
production  of  this  well,  it  was  claimed,  was  from  30,000  to 
40,000  barrels  (42  gallons  each)  per  day  for  1 5  days,  after 
which  it  ceased  to  flow  entirely.  This  well  was  less  than 
700  ft.  deep,  but  it  was  the  deepest  well  in  the  Bibi-Eibat 
district,  and  had  been  producing  from  a  shallower  depth 
for  two  years.  There  is  also  a  large  and  very  modern 
refinery  at  this  place. 

DEPTH    OF   WELLS. 

The  depth  of  the  wells  varies  from  175  to  1,030  ft.,  there 
being  only  one  well  of  the  latter  depth,  and  1  am  not  posi- 
tive that  it  is  producing  profitably.  The  average  depth 
of  the  wells  is  steadily  increasing,  and  is  now  said  to  be 
500  ft.  as  against  350  ft.  in  1882.  The  average  depth  of 
new  wells  is,  however,  more  than  500  ft.  I  think  it  is 
over 600  ft.  By  many  it  is  claimed  that  the  increasing 
depth  of  the  drilling  is  proof  positive  of  the  exhaustion 
of  the  territory,  and  that  the  depth  of  the  drilling  in- 
creases 50  ft.  for  every  500,000.000  gallons  of  crude  taken 
out,  but  I  have  seen  no  calculations  as  to  the  depth  of  the 
lower  strata  of  oil.  Others  claim  that  both  the  yield  and 
the  quality  of  the  crude  improves  with  deeper  drilling, 
and  that  the  territory  will  continue  to  produce  from  much 
greater  depths.  From  my  own  observation,  I  am  in- 
clined to  believe  that  the  quality  of  the  crude  as  an  illu- 
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juinant  improves  as  the  drilling  gets  deeper,  but  as  to  the 
increase  in  the  product  I  am  not  informed. 

(JUALITY   OK   OIL. 

Even  here  in  Russia  there  is  a  great  difference  of 
opinion  as  to  the  relative  merits  of  Russian  and  American 
illuminating-  oil.  and  while  it  is  not  generally  asserted 
that  the  Russian  refined  can  be  made  as  good  an  illuini- 
nant  as  the  American,  there  is  no  doubt  that  it  can  be  and 
is  made  to  burn  quite  good  enough  for  all  purposes,  and 
emits  no  disagreeable  odor  while  burning. 

After  taking  from  Russian  crude  oil  say  30  per  cent, 
illuminating  distillate,  about  15  percent,  is  taken  from  the 
residuum,  which  is  called  '•  solar  oil,"  and  which,  although 
a  nice-looking  white  oil,  is  too  high  fire-test  to  burn  in 
ordinary  lamps,  and  not  sufficiently  good  for  lubricating 
purposes.  This  is  generally  mi.xed  with  the  "astatki"  or 
crude  residuum,  although  the  last  Baku  congress  of 
petroleum  people  "  Reso/vid  that  its  use  should  be  made 
compulsory  for  the  purpose  of  lighting  public  buildings, 
theaters,  circuses,  hotels,  etc.,  that  the  use  of  kerosene 
(refined  I  should  be  prohibited  in  such  buildings,  and  that 
the  ordinary  restrictions  applied  to  mineral  oils,  in  trans- 
portation, storage,  etc.,  should  be  taken  oflsolar  oil,  and  It 
placed  in  the  same  category  with  vegetable  oils."  This  is. 
however,  only  a  petroleum  producers'  resolution,  which 
will  be  understood,  no  doubt,  in  America.  After  the  solar 
oil  is  taken,  the  lubricating  oil  distillate  is  taken  off,  and 
varies  from  20  per  cent  to  25  per  cent.  From  this 
distillate  a  very  good  lubricant  is  made,  as  it  is  affected 
neither  by  intense  heat  nor  great  cold.  The  lubricating 
oil  IS  made  in  Baku,  but  great  quantities  of  the  distillate 
are  also  shipped  to  England,  France,  Belgium  and  Ger- 
many, and  there  purified  and  made  into  lubricating  oils. 
After  the  foregoing  proportions  are  taken  from  the  crude, 
the  residuum,  down  to  about  15  per  cent,  of  the  whole,  is 
taken  off.  and  generally  mixed  with  the  solar  oil.  This 
is  called  "  astatki  "  or  crude  residuum,  and  is  the  fuel  of 
southeastern  Russia.  As  the  Caspian  and  Volga  steamers, 
many  of  the  railroads  in  eastern  Russia,  and  the  Trans- 
caucasian  Railroad  use  it  for  fuel,  there  is  a  great  demand 
for  it,  and  it  sells  at  an  average  price  of  o.i  cent  per  gal- 
lon free  on  board  cars  or  steamers  at  Baku.  The  1 5  per 
cent,  left  in  the  still  is  called  "  mazoot,"  and,  as  it  will  not 
burn,  is  a  total  waste.  A  few  years  ago  it  was  used  in 
limited  quantities  to  sprinkle  the  streets  of  Baku,  which 
was  a  very  good  idea  from  a  sanitary  point  of  view. 

Estimated  as  above,  the  yield  of  Russian  crude  in  mer- 
chantable products  is  about  85  per  cent.,  as  follows  : 

Per  cent. 

Illuminating  oil 30 

Lubricating  oil 20 

Solar  oil I 

Astatki  (crude  residuum)  f ■* 

Waste 15 

Total 100 

HANDLING   THE  CRUDE  OIL. 

Iron  tanks  for  crude  oil  are  but  seldom  used,  as  is  also 
iron  pipe  for  conducting  the  crude  from  wells  to  reser- 
voirs. Instead  of  iron  pipe,  wooden  box-troughs  or  dirt 
ditches  are  used  for  the  latter  purpose,  and  reservoirs  are 
made  by  excavating  the  ground  in  the  vicinity  of  the  well, 
or  by  simply  throwing  up  walls  with  the  sand  that  has 
been'thrown  out  of  the  wells.  Of  course  there  is  a  loss 
from  the  ground  absorbing  the  crude,  but  the  price  is  so 
low  that  this  loss  is  insignificant.  From  the  reservoirs 
the  crude  is  pumped  through  pipes  to  the  refineries, 
which  are  located  on  the  seashore,  about  two  miles  east  of 
Baku,  at  Chornai-Gorod  (Black  Town). 

The  specific  gravity  of  Balakhani  crude  oil  varies,  but 
not  sufficiently  to  make  any  difference  in  its  value,  so  that 
it  is  all  run  together,  forming  a  crude  of  about  0.S65 
specific  gravity,  or  32'  Beaume.  It  contains  no  paratfine. 
and  very  little  benzine  is  made  from  it,  none  of  which  is 
lighter  than  0.700  specific  gravity.  As  I  have  said  before, 
I  think  it  exceedingly  probable  that  the  crude  will  be  of  a 
less  specific  gravity  as  the  drilling  deepens,  as  I  find  the 
oil  from  Nobels'  No.  32  about  0.S50  specific  or  34^2° 
Beaume. 

The  distance  from    the  wells   to  refineries   is  about   8 


miles,  and  as  theaverage  elevation  of  the  wells  above  the 
Caspian  Sea  is  175  ft.,  the  piping  of  the  crude  is  not  at  all 
difficult.  There  are  now  14  iiipe-lines,  from  3  to  6  in.  in 
diameter,  and  belonging  to  13  different  owners.  The 
I)umps  used  are  either  of  American  manufacture  or  made 
in  England  or  Russia  from  American  patterns,  with  the 
knowledge  and  consent  of  the  American  manufacturers 
and  patentees.  The  latter,  I  am  informed  by  men  of  ex- 
perience with  both  kmds.  are  by  no  means  as  good  as 
those  made  in  America, and  I  have  heard  surprise  expressed 
at  the  American  manufacturers  allowing  their  machinery 
to  be  so  indifferently  constructed  In  England  and  Russia. 
The  aggregate  daily  capacity  of  the  14  pipe-lines  is 
about  100,000  barrels.  The  nominal  pipeage  charge  is  I 
kopeck  per  pood  (about  4  cents  per  barrel),  but  the  pipe- 
lines are  generally  owned  in  connection  with  both  wells 
and  refineries. 

MARKETI.Nt;   OIL. 

The  great  market  for  Russian  petroleum  is  of  course 
Russia  itself,  where  it  isprotected  from  American  compe- 
tition by  a  prohibitory  tariff.  The  Russian  markets  are 
reached  principally  by  water  transportation,  7w  Caspian 
Sea  and  Volga  River,  to  the  eastern  termini  of  the  Rus- 
sian railroads,  and  thence  by  railroad.  Barrels  were  form- 
erly used  for  the  transportation  ;  several  barrel  factories 
were  erected  at  Baku  and  one  at  Tsaritzin  on  the  Volga. 
The  machinery  in  these  factories  is  principally  of  German 
manufacture,  and  when  made  was  probably  as  good  as  any 
in  America.  Now,  however,  it  is  not  up  to  the  American 
machinery  for  the  same  purpose.  Labor  was,  however, 
cheaper  than  steam,  and  the  steam  barrel-works  were  a 
failure.  Timber  for  barrels  was  always  expensive,  and 
the  increased  demand  which  came  with  the  increased 
production  made  some  other  method  of  transportation 
absolutely  necessary,  and  the  result  was  the  construction, 
for  Nobel  Bros.,  in  Sweden,  of  a  steamer  to  carry  petro- 
leum in  bulk,  which  proved  a  great  success,  and  completely 
did  away  with  the  use  of  barrels  in  the  Baku  trade.  Nobels 
now  have  13  of  these  steamers  in  service,  carrying  from 
4,000  to  6,000  barrels  each,  all  of  which  were  constructed 
in  Sweden  and  brought  from  the  Baltic  Sea  7'/<7  canal  to 
the  Volga  River.  The  short  locks  in  the  canal  necessi- 
tate the  steamers  being  constructed  so  as  to  be  taken 
through  in  two  pieces  and  again  joined  together  when 
the  Volga  is  reached.  This  method  of  getting  the 
steamers  to  the  Caspian  is  of  course  very  tedious  and  ex- 
pensive, notwithstanding  which  there  is  now  a  large  fleet 
of  them  in  service. 

The  petroleum  products  are  carried  in  these  bulk 
steamers  to  a  point  at  the  mouth  af  the  Volga  River 
called  '■  Davit  Foot  "  (meaning  9  ft.  of  wateri,  about  400 
miles  north  of  Baku  and  90  miles  from  Astrakhan,  where 
they  are  transferred  into  barges  which  are  towed  by 
small  steam  tug-boats  to  the  various  distributing  points  on 
the  Volga,  where  tanks  have  been  constructed  for  their 
reception  and  arrangements  made  for  railroad  shipments. 
The  chief  distributing  point  upon  the  Volga  is  Tsaritzin, 
about  350  miles  from  Astrakhan,  but  there  is  also  tankage 
at  Saratof,  Kazan  and  Nijni  Novgorod.  From  these 
points  it  is  distributed  all  over  Russia  in  tank-cars. 
Some  is  also  exported  to  Germany  I'/a  Riga  and  Libau 
(by  sea),  Eidtkunen  by  railroad  and  to  Austria  I'la  War- 
saw and  Brody  and  Pod  Volochisk.  Owing  to  the 
gauge  of  the  Russian  railroad  system  being  5  "ft.,  while 
that  of  the  continental  railroad  system  is  the  standard 
gauge,  another  transfer  of  the  oil  must  be  made  at 
Eidtkunen  for  Germany,  and  at  Warsaw,  Brody  and 
Pod  Volochisk  for  Austriat 

The  number  of  tank-cars  in  service  upon  Russian  rail- 
roads north  of  the  Caucasus  is  2,500,  or  was  a  few  months 
ago,  as  the  number  is  constantly  being  increased.  The 
tank-car  is  of  the  same  style  as  the  modern  American 
tanks,  but  of  uniform  size  and  capacity,  holding,  nominally, 
600  poods,  although  usually  taking  660  poods  or  about 
3,300  gallons. 

Previous  to  the  year  1883  all  petroleum  products  were 
shipped  from  Baku  by  water.     In  that  year  the  comple- 
tion of  the  Transcaucasian  Railroad  provided  another  out- 
!    let  to  the  Black  Sea.    Two  ports  on  the  Black  Sea,    Poti 
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and  Batoum,  were  available  for  the  export  trade,  but  Bat- 
oum  was  selected  by  this  trade  because  of  the  superiority  of 
its  harbor  and  the  advantage  of  its  being  a  free  port. 
The  railroad  company  provided  tank-cars  to  tne  number 
of  475  in  1SS3.  and  iron  tanks  were  erected  at  Batoum. 
A  can  and  case  manufactory,  with  a  capacity  of  about 
7.000  cans  and  3.500  cases  per  day  was  erected  tjy  a 
large  refiner  of  and  dealer  in  Russian  oil,  the  machinery 
necessary,  together  with  the  workmen  to  put  it  in  running 
order,  coming  from  America.  Others  also  started  to 
manufacture  cans  and  cases  by  hand,  and  the  business 
increased  so  rapidly  that  in  1884  and  1885  the  railroad 
companv  added  750  more  tank-cars  to  its  rolling  stock. 

The  railroad  from  Batoum  to  Baku  is  560  miles  long, 
aud  is  an  exceedingly  expensive  road  to  operate,  owing 
to  the  heavy  grades  in  crossing  the  mountains.  The 
highest  point  upon  the  road  is  the  Suram  Pass,  about  135 
mileseast  of  Batoum,  which  is  over  3.000  ft.  above  the 
level  of  the  Black  Sea.  Upon  the  west  side  of  the  moun- 
tain the  average  grade  for  3'.  miles  is  185  ft.  to  the  mile, 
and  I'yi  miles'of  it  is  238  ft.  to  the  mile.  Upon  the  east 
side  of  the  mountain  there  is  a  grade  of  253  It.  to  the  mile, 
but  the  greatest  grade  shown  by  the  official  statistics  is 
238  ft.  to  the  mile  for  nearly  2  miles,  while  the  average 
grade  for  6  miles  is  210  ft.  to  the  mile.  Work  will  soon 
be  commenced  upon  a  tunnel,  or  rather  two  tunnels,  a 
long  and  a  short  one.  through  the  mountain  at  Suram, 
which  when  completed  will  materially  lessen  the  grade. 
The  long  tunnel  will  be  almost  3  miles,  and,  as  the  con- 
tour of  the  road  will  have  to  be  changed  materially  for  10  to 
12  miles,  it  is  estimated  that  the  work  will  require  about  4 
years  for  its  completion.  There  is  some  talk  about  the 
railroad  capacity  being  temporarily  increased  next  year 
by  double-tracking  the  road  over  the  pass,  but  this  would 
also  require  a  great  deal  of  time  and  money,  and  I  have 
been  reliably  informed  that  nothingof  the  liind  is  contem- 
plated by  the  company.  The  railroad  company  is  steadily 
adding  new  tank-car's  to  its  rolhng  stock  (in  January  500 
more  tank-cars  besides  350  put  in  service  by  two  large 
refining  firms).  How  much  these  additions  to  the  tank- 
car  service  will  increase  the  petroleum  carrying  capacity 
o(  the  railroad  I  am  unable  to  say.  It  requires  about  t 
hour  and  25  minutes  for  a  passenger-train  to  cross  the 
Suram  Pass,  a  distance  of  10  miles,  and  for  a  freight-train 
nearly  2  hours:  and  with  a  constantly  increasing  general 
fieight  business  it  would  not  seem  that  the  petroleum 
carrying  capacity  could  be  increased  materially.  The 
price  charged  by  the  railroad  for  transporting  oil  from 
Baku  to  Batoum  is.  at  present  rate  of  exchange,  about  1.4 
cents  per  gallon,  and  the  yard  charges,  etc..  at  Batoum 
will  increase  the  price  to  about  t 'yi  cents  per  gallon. 

FACILITIES   FOR   EXPORT. 

There  are  now  in  the  oil  business  from  Batoum  10 
tank-steamers,  with  an  aggregate  yearly  capacity,  to  the 
ports  for  which  they  are  usually  chartered,  of  from 
75,000,000  to  80.000,000  gallons;  and  two  or  three  more  are 
reported  due  soon,  while  the  carrying  capacity  of  the  rail- 
road at  present  is  not  estimated  at  more  than  70.000.000 
gallons  yearly.  Thus  it  would  seem  that  the  gratuitous  (?; 
puffing  which  the  Russian  petroleum  business  has  lately 
had  in  the  European  press,  with  the  very  plain  object  of 
sending  much  needed  capital  to  itsassistance,  has  been  only 
doubtfully  successful,  inasmuch  as  it  has  resulted  in  send- 
ing to  the  assistance  of  the  trade,  not  money,  but  ships  in 
such  numbers  as  to  advance  the  price  of  oil  their  charterers 
are  compelled  to  buy.  in  order  to  keep  them  employed, 
to  such  a  figure  as  to  make  the  loss  from  the  sale  of  it  in 
European  markets  so  great  as  to  startle  even  the  Russian 
exporter,  who  has  heretofore  exhibited  such  a  courageous 
disregard  of  financial  results.  The  situation  must  un- 
doubtedly improve;  because,  at  present  prices  for  Russian 
refined  at  Batoum,  profitable  competition  with  American 
oil  at  present  prices  at  New  York  is  impossible,  even  in 
the  Levant.  Some  of  the  many  steamers  chartered  for 
the  trade  will  be  compelled  to  remain  idle  at  the  expense 
of  the  charterer,  and  of  course  all  the  charterers  of  these 
vessels  feel  very  sure  that  they  will  not  suffer  in  this 
manner,  but  that  their  competitors  here  must,  and  thus 
allow  them  to  continue  to  export  at  no  loss,  and  perhaps 


(with  an  advance  in  prices  in  America)  at  a  profit. 

The  lesson  the  Batoum  trade  is  now  learning  is  un- 
doubtedly an  expensive  one.  and  may  impress  upon  it  the 
fact  that  the  price  of  refined  at  Batoum.  and  consequently 
the  bu.siness  of  exporting,  are  wholly  dependent  upon  the 
capacity  of  the  railroad  for  carrying  oil  from  Baku  to  Bat- 
oum, a  material  increase  of  which  seems  further  away  than 
ever,  since  it  is  currently  reported  and  believed  in  Tiflisthat 
the  project  of  tunnchng  the  Suram  Pass  has  been  pro- 
nounced impracticable  (impossible  is  the  word  used)  and 
abandoned  by  the  engineers  who  had  charge  of  the  prelm;- 
inary  work.  '  Some  private  tank-cars  will  be  added  to  the 
rolling  stock  of  the  railroad  in  the  spring,  but  the  conditions 
upon  which  these  cars  are  accepted  by  the  railroad  com- 
pany, viz.,  that  they  can  only  be  taken  over  the  Suram 
Pass  after  all  the  cars  belonging  to  the  company  are  out 
of  the  way,  seem  to  indicate  a  doubt  in  the  minds  of 
the  railroad  officials  as  to  their  ability  to  handle  any  more- 
cars  than  are  now  in  service. 

PIPE  LINE. 
The  project  of  constructing  a  pipe  line  from  Baku  to 
Batoum,  after  having  been  definitely  decided  by  a  notori- 
ous English  romancer,  who  published  his  specifications  for 
the  line  in  an  English  journal  several  months  ago.  was  fin- 
ally considered  by  a  loint  council  of  the  ministries  of  Fin- 
ance and  State  Domain,  in  St.  Petersburg,  Januarj^  12  (24 
new  style),  and  a  conclusion  arrived  at  against  the  con- 
struction of  a  line  by  the  Government,  but  ostensibly 
favorable  to  the  granting  of  a  concession  for  the  construc- 
tion of  a  line  (for  crude  only,  and  subject  to  strict  Govern- 
ment control)  under  certain  conditions,  16  in  number.  I 
have  had  a  translation  made  of  these  conditions,  and 
while  it  would  no  doubt  prove  of  great  interest  to  American 
readers,  in  showing  them  the  remarkable  ideas  held  by  Rus- 
sian pipe  line  experts,  1  do  not  give  it  because  the  one  clause 
viz.,  "No.  10.  The  company  must  prepare  all  necessary 
pipes  and  reservoirs  at  Russian  works  and  of  Russian 
material,"  precludes  any  possibility  of  American  competi- 
tion for  furnishing  material  for  it,  and  consequently  the 
other  conditions  are  of  no  importance  to  Americans.  I 
will  merely  say  that  of  the  16  conditions,  there  are  8,  any 
one  of  which  would,  I  believe,  prevent  any  one  with 
even  the  slightest  practical  knowledge  of  the  pipe-line 
business  from  accepting  this  concession. 


Storage  Batteries  for  Street  Cars. 

In  a  paper  read  before  the  Electrotechnischer  Vcrein 
at  Berlin.  Herr  J  L.  Huber.  the  Engineer  of  the  Hamburg 
Street  Railroad,  gives  some  very  interesting  details  regard- 
ing the  cost  and  operation  of  storage  batteries  on  street 
railway  lines.  The  system  employed  by  Herr  Huber  is  the 
Julien,  in  which  the  storage  batteries  are  carried  by  the 
car. 

In  order  to  obtain  reliable  results,  experiments  were 
undertaken  on  a  specially  difficult  line,  both  as  regards^ 
curves  and  grades,  and  which,  in  addition,  crossed  much- 
frequented  streets,  so  that  all  the  difficulties  met  with  in 
railroad  traffic  in  populous  cities  were  encountered.  The 
road  extends  from  the  Rathhausmarkt.  in  Hamburg,  to 
the  Berthastrasse,  Barmbeck,  over  the  Miihlendamm,  on 
which  line  very  heavy  grades  are  encountered. 

The  total  cost  given  is,  under  these  conditions,  per 
kilometer  run,  for  motive  power.  1.5  cents;  for  mainte- 
nance, oil,  etc.,  for  the  car  motor, 0.5  cent ;  contingencies^ 
0.5  cent ;  renewal  of  plates,  as  above,  i  cent ;  a  total  of 
3.5  cents  per  kilometer,  or  5.6  cents  per  mile. 

Comparing  the  cost  of  electrical  power  with  that  of 
horses,  Herr  Huber  states  that,  to  operate  the  usual  one- 
horse  car,  which,  including  driver  and  conductor,  carries 
26  persons,  7  horses  are  required  on  the  same  line  for  one 
day  of  100  kilometers  run.  So  that,  as  the  electric  car 
carries  31  persons,  8. 35  horses  would  be  necessary.  The 
cost  of  maintenance  for  horses  per  kilometer  amounts- 
to  4  cents  (6.4  cents  per  car-mile).  It  follows,  therefore, 
that  even  to-day  electricity  is  even  more  economical  than, 
horseflesh,  and'the  cost  of  the  former  can  be  considerably 
reduced  by  improvements. 
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Manufactures. 


Natural  Gas. 

Thk  Louisville  Gas  Company,  which  has  been  boring  for 
natural  gas  at  a  point  about  25  miles  below  that  city  on  the 
Indiana  side  of  the  Ohio  River,  has  struck  a  very  large  flow  of 
gas  at  a  depth  of  about  400  ft.  So  far  the  flow,  it  is  claimed, 
has  been  large  enough  to  make  the  new  well  a  vory  valuabk' 
one. 

Aluminum  and  Silicon  Alloys. 

The  Cowles  Electric  Smelting  \  Aluminum  Company,  of 
Cleveland,  C,  is  now  manufacturing  in  its  works  at  Lockport, 
N.  v.,  aluminum  bron/e,  aluminum  brass,  silicon  bronze  and 
aluminum  iron.  The  first  named  is  an  alloy  of  aluminum  and 
copper  ;  the  second  is  made  by  the  addition  of  aluminum  bronze 
to  ordinary  brass.  These  alloys  arc  distinguished  by  great 
strength  and  toughness  and  freedom  from  corrosion.  Silicon 
bronze,  an  alloy  of  silicon  and  copper,  has  not  only  the  quali- 
ties of  strength  and  resistance  to  corrosion,  but  has  also  high 
electrical  conductivity.  .Muminum  iron  is  a  comparatively 
new  alloy,  and  is  used  in  the  Mitis  process  for  making  castings 
of  CO  nbined  wrought  and  cast-iron. 

The  aluminum  and  silicon  used  in  these  alloys  by  the  com- 
pany is  obtained  by  the  use  of  Cowles's  electric  furnace.  The 
company  hopes  to  be  able  by  this  process  to  produce  pure 
aluminum  at  a  rate  which  will  make  it  a  commercial  product  in 
ordinary  use. 

Recently  the  oxide  of  chromium  has  been  successfully  re- 
duced in  tie  electric  furnace,  and  an  alloy  containing  about  12 
per  cent,  chromium  and  88  per  cent,  iron  will  be  manufactured 
as  soon  as  a  market  is  assured.  It  is  thought  that  this  alloy 
will  be  of  much  service  in  the  manufacture  of  chrome-steel. 

Sight-Feed  Lubricator  Patents. 

Judge  Colt,  of  the  United  States  Circuit  Court  for  the  Dis- 
trict of  Massachusetts,  decided,  on  September  9,  in  the  suit  of 
the  Seibert  Cylinder  Oil  Cup  Company  against  Lunkenheimer, 
that  the  Gates  patent  was  valid. 

The  Gates  patent  is  for  the  method  of  lubricating  cylinders 
and  interior  working  parts  of  steam  engines  showing  the 
drops  of  oil  passing  up  through  water  or  other  liquids  enclos- 
ed by  a  transparent  chamber,  being  that  form  of  sight-feed 
lubricator  known  as  the  "upfecd.  " 

This  decision,  it  is  claimed,  covers  a  very  large  part  of  all 
sight-feed  lubricators  now  made,  and  is  of  importance  to 
manufacturers  of  those  articles. 
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Engineering  Notes. 


Electric  Railroads. 

The  electric  railroad  at  .A,sbury  Park,  N.  J.,  is  in  operation. 
The  Daft  motor  is  used  on  this  line. 

The  first  section  of  the  electric  railroad  in  St.  Joseph,  Mo., 
is  now  in  use  with  one  car.  This  section  is  a  mile  long,  and 
the  overhead  system  is  used. 

The  Daft  system  has  been  adopted  for  the  College  Hill  road 
at  Easton,  Pa.,  where  a  grade  of  S>^  per  cent,  has  to  be  dealt 
with.  The  road  will  be  about  one  mile  long  and  will  have  three 
motor  cars.  The  overhead  system  will  be  used.  The  cost  of 
the  road  will  be  about  ^18,000  it  is  said. 

The  electric  motor  of  the  Wharton  Company,  of  Philadel- 
phia, was  tried  recently  in  the  presence  of  oiiicers  of  Citizens' 
Passenger  Railroad  of  Baltimore.  The  motor  is  on  the  stor- 
age-battery system,  and  the  machinery  and  batteries  weigh  in 
all  about  3,200  lbs.  This  motor  has  been  tried  a  number  of 
times  with  much  success. 

The  cross-town  road  through  Fulton  Street  in  New  York 
City  has  been  delayed  in  its  construction,  the  conduit  for  the 
electric  wires  being  still  incomplete.  It  will  probably  be 
ready  to  work  in  October.  The  delays  have  been  due  to  the 
electric-light  junction  bo.\es,  the  sewer-heads  and  the  pipes  of 
the  water  and  steam-heating  companies.  These  companies 
are  removing  their  pipes  at  the  railroad  company's  expense, 
but  have  been  unavoidably  delayed  in  obtaining  materials. 
The  removal  of  the  sewer-heads  has  been  very  expensive. 
The  engines,  cars,  boilers  and  machinery  of  the  road  are  com- 
pleted, and  as  soon  as  the  obstructions  in  the  streets  are  cleared 
the  road  will  be  rapidly  finished. 


The  Continental  Iron  Works  in  Brooklyn,  N.  Y.,  have  re- 
cently taken  orders  for  a  number  of  their  corrugated  furnaces 
for  marine  boilers. 

The  shipyards  at  Dctroit^Iich.,  are  busy,  and  several  con- 
tracts for  large  vessels  for  next  year's  business  on  the  lakes 
are  under  consideration. 

The  Wheeler  yard  at  Hay  City,  Mich.,  has  just  laid  the  keel 
of  a  wooden  steamer  which  wdl  be  284  ft.  keel,  41  ft.  beam 
and  23  ft.  hold.     She  will  have  triple-expansion  engines. 

The  Milwaukee  Tug  Company  has  contracted  with  Reiboldt 
&  Walters,  of  Sheboygan,  Wis.,  for  a  2i)0-ft.  steamer  to  carry 
100,000  bushels  of  wheat.  She  will  have  triple-expansion  en- 
gines and  steel  boilers  of  tr.e  Scotch  pattern. 

NEAFIE&  Lew,  in  Philadelphia,  have  taken  a  contract  to 
build  an  iron  steamer  for  the  Oregon  Improvement  Com- 
pany. The  new  steamer  will  be  240  ft.  long,  35  ft.  beam,  20 
ft.  depth  of  hold  and  will  draw  t2^  ft.  when  loaded. 

The  Davidson  yard  at  Bay  City,  Mich.,  is  building  two 
steamers  for  the  Lake  Superior  trade,  which  are  to  be  235  ft. 
keel,  37  ft.  beam  and  20  ft.  molded  depth.  The  engines  will 
be  compound,  with  cylinders  22  in.  and  46  in.  diameter  and  40- 
in.  stroke. 

The  new  steamer  Parthian  was  recently  completed  at  the 
yard  of  the  Harlan  i:  Hollingsworth  Company  in  Wilmington, 
Del.  This  steamer  is  intended  for  the  outside  line  between 
Philadelphia  and  Boston,  and  is  guaranteed  to  make  14  knots 
an  hour  in  regular  service.  Her  extreme  length  is  247  ft., 
beam  3S  ft.  and  depth  of  hold  26  ft.  The  machinery  consists 
of  compound  engines,  with  cylinders  30  and  56  in.'  diameter 
with  a  stroke  of  54  in. 

0.\  the  night  of  September  7,  the  steamer  I'ilgrim.  of  the 
Fall  River  Line,  broke  her  crosshead  while  off  Watch  Hill  and 
was  towed  into  Xew  London  by  the  steamer  Bristol.  The 
entire  force  of  the  Pilgrim  at  once  set  to  work  to  remove  the 
crosshead,  and  Mr.  Pierce,  Supervisor  of  the  Old  Colony 
Steamboat  Company,  immediately  went  to  Bridgeport,  Conn., 
and  proceeded  to  the  Bridgeport  Forge  Company  with  the 
broken  forging.  The  new  crosshead,  weighing  in  all  about  4 
tons,  was  forged,  fitted  and  ready  to  put  on  board  the  Pil- 
grim on  the  morning  of  September  11. 

The  Detroit  &  Cleveland  Steam  Navigation  Company  will 
it  is  said,  build  a  new  steamer  for  passenger  business  between 
the  two  cities  named.  The  new  boat  will  have  the  same  di- 
mensions as  the  City  of  Clevelaml.  now  owned  by  the  com- 
pany, as  follows:  Length  of  keel,  270  ft.;  overall,  2S3  ft.; 
breadth  of  beam.  40ft.;  overall,  70  ft.;  depth  of  hold,  16  ft. 
The  hull  will  be  of  steel,  and  divided  into  water-tight  compart- 
ments by  steel  bulkheads.  She  will  have  a  low-pressure,  con- 
densing, beam  engine  of  2,400  H.  P.,  with  cylinders  60  in.  in 
diameter  and  I2ft.  stroke  and  feathering  paddle-wheels. 


An  Electric  Mine  Railroad. 

-A.N  electric  mine  railroad  designed  by  Mr.  H.  M.  Schle- 
singer  is  in  operation  in  one  of  the  Pennsylvania  Railroad 
Company's  mines,  situated  at  Lykens  Valley,  in  Dauphin 
County,  Pa.  The  electric  road  proper  is  in  drift  No.  i  of  the 
Lykens  Valley  collieries,  and  is  at  the  present  moment  one 
mile  long  inside  the  mine  and  about  300  ft.  outside.  The  drift 
runs  into  the  side  of  the  mountain. 

The  electric  motor  hauls  the  cars  out  of  the  end  of  the  drift 
and  at  present  brings  them  to  daylight  only,  and  from  there 
they  are  taken  by  a  steam  locomotive  to  the  breaker.  The  in- 
tention is,  later  on,  to  have  the  electric  motor  take  the  cars 
direct  to  the  breaker.  The  road  has  an  average  grade  of  3  in. 
in  100  ft.,  but  there  are  two  heavy  grades  up  which  the  empty 
cars,  and  two  heavy  grades  up  which  the  loaded  cars  have  to 
be  hauled.  The  road  has  a  large  number  of  curves,  one 
having  a  radius  of  30  ft.  and  another  a  radius  of  2;ft.  only. 

The  generator  is  placed  in  an  engine-room  outside  the 
mouth  of  the  drift,  and  from  it  the  current  is  conveyed  by 
means  of  a  25  lbs.  rail  to  the  motor.  This  rail  is  fastened  to 
props  at  the  side  of  the  track  and  is  from  22  in.  to  5  ft.  6  in. 
above  the  track.  It  is  put  in  the  lower  side  of  the  gangway 
in  such  a  position  that  the  miners  need  not  come  in  contact 
with  it.  .-Mthough  the  electro-motive  force  used  is  350  volts,  it 
is  perfectly  harmless,  as  has  been  often  tested  by  the  miners 
themselves.     For    the    return    current,   the     tie    rails    proper 
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are  used,  brass  plates  being  put  under  the  fish  plates  to  insure 
a  proper  metallic  connection  between  the  rails.  Both  tie  rails 
are  joined  together  by  a  copper  wire  every  hundred  yards. 

The  locomotive  car  consists  of  a  small  wooden  frame 
having  a  wheel  base  49  X  40.  and  30-in.  wheels.  On  the 
frame  between  the  axles  the  electric  motor  is  placed,  and  ihe 
power  is  transmitted  to  the  axles  by  means  of  chain  gearing. 
The  electric  motor  proper  weighs  1,500  lbs.  and  runs  at  a  speed 
of  I.  too  revolutions.  The  locomotive  is  run  at  a  speed  of  (> 
miles  an  hour,  and  it  has  already  attained  speeds  as  high  as  15 
miles.  The  number  of  cars  it  can  haul  is  30,  each  weighing, 
fully  loaded,  4  tons.  The  locomotive  car,  with  ballast,  weighs 
about  7  ' .  tons. 

The  cars  have  been  in  operation  ever  since  July  26,  doing 
the  entire  work  in  the  drift,  without  a  single  stoppage.  It  is 
placed  entirely  in  the  hands  of  a  boy  iS  years  old.  The  round 
trip  is  made  in  25  minutes,  the  motor  doing  all  the  necessary 
shifting  inside  the  mine.  It  would  take  mules  yo  minutes  to 
accoinplish  the  same  amount  of  worV..— Electrical  World. 


Manufacturing  Notes. 

The  Western  Steel  Works  at  Carondelet  (South  St.  Louis) 
are  putting  in  a  set  of  rolls  for  making  steel  rails  of  light  sec- 
tion. 

The  Builders'  Iron  Foundry  in  Providence,  R.  1..  recently 
cast  a  bed  for  hydraulic  press  in  a  single  block  weighing  55,- 
000  lbs. 

The  Bucyrus  Foundry  &  Manufacturing  Company  in  Bu- 
cyrus,  O.,  has  recently 'shipped  several  steam  excavators  to 
Mexico. 

The  Springfield  Iron  Company  started  up  its  new  Bessemer- 
steel  plant  at  Springfield,  111.,  September  8,  and  is  now  run- 
ning regularly. 

H.  K.  PoKTER  iS:  Co.  in  Pittsburgh,  have  received  a  number 
of  orders  lately  for  small  locomotives  or  motors  for  street  and 
suburban  railroads. 

The  Morse  Bridge  Works  in  Youngstown,  O.,  were  burned 
down  recently,  the  buildmgs  being  destroyed  and  the  tools 
badly  damaged.     They  will  be  rebuilt  at  once. 

The  Keystone  Bridge  Company  in  Pittsburgh  has  taken  the 
contract  for  a  new  bridge  over  the  Connecticut  River  at  Lyme, 
Conn.,  for  the  New  York,  Xew  Haven  &  Hartford  road,  to  be 
completed  by  August  of  next  year.  The  bridge  will  rest  on 
the  old  piers,  the  same  as  the  present  bridge. 

The  Cooke  Locomotive  Works  at  Paterson,  K.  J.,  are  pre- 
paring to  build  ten  rotary  steam  snow-shovels,  two  for  the 
Union  Pacific,  four  for  the  Northern  Pacific,  one  for  the  Col- 
orado Midland,  one  for  the  Oregon  Railway  &  Navigation  Co., 
one  for  the  Central  Pacific  and  one  for  sale. 

E.  P.  Ai.Lls  &  Co.  in  Milwaukee,  Wis.,  are  building  a  quad- 
ruple-expansion stationary  engine  for  the  Warren  Manufac- 
turing Company  at  Warren,  R  I.  This  engine  has  cylinders 
24,  36,  s~'A  and  64',  in.  diameter,  all  being  72-in.  stroke. 
It  is  expected  to  work  up  to  about  2,000  H.  P.  in  use. 

The  Burton  Stock  Car  Company  in  Boston  has  recently 
contracted  to  carry  30,000  head  of  stock  from  the  ranches  to 
Kansas  City  over  the  Missouri  Pacific  road.  The  company 
has  recently  leased  50  new  cars  of  its  patent  (built  by  the  Car- 
lisle .Manufacturing  Company  at  Carlisle,  Pa.)  to  the  St.  Louis, 
Arkansas  &  Texas  road  for  five  years. 

CoNTKACi  s  will  soon  be  let  for  a  new  steamboat  to  be  run 
between  Detroit  and  Cleveland  (or  the  Detroit  &  Cleveland 
Steam  Navigation  Company.  The  new  boat  is  intended  for 
passenger  traffic  chiefly,  and  will  be  270  ft.  long  with  steel  hull. 
She  will  have  a  beam  engine  with  cylinder  60  in.  diameter  and 
12  ft.  stroke  and  surface  condensers.  The  paddle-wheels  will 
be  iron  feathering  wheels  of  Morgan's  patent. 

The  Berlin  Iron  Bridge  Company  at  East  Berlin,  Conn., 
has  a  large  number  of  contracts  on  hand,  and  its  shops  are  ex- 
ceedingly busy.  The  contracts  are  both  for  railroad  and  highway 
bridges,  among  the  former  being  seven  four-track  bridges  for 
the  New  York,  New  Haven  &  Hartford  road  ;  among  the  latter 
are  spans  of  240,  220,  200  and  175  ft.  The  company  has  also 
a  large  number  of  contracts  for  iron  building  and  roofing  work. 
The  Grant  Locomotive  Works  in  Paterson,  N.  ]..  were 
partly  destroyed  by  fire  September  7,  the  building  containing 
the  erecting  shop  and  principal  machine  shop  having  been   de- 


stroyed by  fire.  The  machinery  in  the  building  was  all  badly 
damaged,  and  part  of  it  ruined  In  the  loft  of  the  building 
was  stored  a  great  number  of  old  patterns,  including  those 
used  in  the  works  for  many  years  past  :  all  of  these  were  de- 
stroyed. The  foundry,  blacksmith  and  boiler  shops,  tank 
and  tender  shops  and  other  parts  of  the  works  escaped. 

The  Boston  iS;  Albany  shops  at  .Allston.  Mass.,  have  re- 
cently turned  out  several  new  cars.  They  are  each  -,-'2  ft. 
long,  weigh  51,000  pounds  and  seat  78  passengers.  They  are 
painted  the  standard  color  of  the  Boston  S:  Albany,  and,  like 
all  recently  built  cars  of  the  road,  are  covered  by  the  Mann 
roof.  They  are  finished  inside  in  solid  mahogany,  highlv  pol- 
ished and  upholstered  in  old  gold.  Each  is  provided  with  a 
water-closet,  but  the  usual  closet  for  the  heater  is  aDsent.  as  it 
is  proposed  to  heat  the  cars  with  steam  from  the  locomotive. 
The  cars  are  also  wired  for  electric  lightning,  but  handsome 
bracket  oil  lamps  are  also  provided.  The  trucks  are  provided 
with  Adams'  patent  dust  guard. 

Proceedings  of  Societies. 

Civil  Engineers'  Club  of  Cleveland. 

At  the  August  meeting  in  Cleveland,  <).,  President  White- 
law  in  the  chair,  a  long  and  interesting  paper  was  re  id  by  the 
venerable  John  H.  Sargent,  who  made  the  original  surveys  for 
what  is  now  part  of  the  Lake  Shore  lV  Michigan  Southern  road 
from  Cleveland,  west.  Mr.  Sargent  gave  many  remmiscences 
of  the  way  in  which  work  was  done  at  that  early  day,  and  of 
his  experiences  as  a  pioneer  in  the  location  and  building  of 
Western  railroads. 

Mr.  H.  C.  Thompson  read  an  interesting  paper  on  the 
Method  of  Building  Additional  Tracks  to  a  Single-track  Rail- 
road already  in  Operation. 

Mr.  C.  P.  I.eland  spoke  of  the  manner  in  which  a  second 
track  was  laid  on  the  Lake  Shore  road  from  Buffalo  to  Cleve- 
land in  a  smgle  year,  under  the  direction  of  .Mr.  Collins,  which 
he  considered  a  great  feat  in  engineering. 

After  a  short  general  discussion,  the  Club  adjourned. 

Boston  Electric  Club. 

This  Club  has  been  organized  in  Boston,  with  over  100  mem- 
bers and  the  following  officers  :  President,  Frank  Ridlon  ; 
Vice-Presidents,  W.  B.  Hosmer,  Frank  A  Houston,  N.  J. 
Hammer,  Henry  J.  Pettingill  ;  Secretary,  Allen  V.  Garratt ; 
Treasurer,  Herbert  H.  Eustis. 

The  Club  will  meet  on  the  first  Monday  evening  of  every 
month,  when  scientific  papers  will  be  read  having  special  ref- 
erence to  electricity.  Exhibits  of  inventions  and  other  things 
which  would  particularly  interest  its  members  will  be  given 
from  time  to  time  at  the  Club  Rooms,  which  are  located  at  No. 
66  Boylston  Street.  The  rooms  will  be  used  for  social  pur- 
poses as  well  as  for  meetings. 

A  Proposed  Engineers'  Club. 

A  CIRCUL.VR  has  been  issued,  signed  by  some  20  prornincnt 
gentlemen,  asking  for  opinions  on  the  question  of  establishing 
in  New  York  a  social  club  for  engineers.  "  which  will  bring  the 
members  of  the  several  branches  of  the  engineering  profes- 
sion into  closer  personal  relations  and  afford  a  convenient 
headquarters  for  non-resident  engineers  during  their  visits  to 
this  city." 

The  signers  of  the  circular  propose  to  call  a  meeting  for 
organization  as  soon  as  250  eligible  persons  (in  good  standing 
as  members  of  representative  engineering  societies)  have 
agreed  to  join.  The  name,  accommodations  to  be  provided, 
etc.,  cannot  be  fully  decided  on  till  that  lime. 

The  formation  of  an  engineering  library  is  also  part  of  the 
project. 

Mr.  James  C.  BayUs  (Box  1415.  Xew  York  City)  is  actmg 
as  Secretary  of  the  Committee  issuing  the  circular. 

Western  Railway  Club. 

The  first  meeting  for  the  season  was  held  in  Chicago,  Sep- 
tember 21.  The  first  subject  was  Contract  Work  in  Railroad 
Shops,  on  which  a  paper  was  read  by  Mr.  F.  D.  Casanave. 
This  paper  was  freelv  discussed  by  members. 

The  subject  of  Car  Couplers  w-s  then  taken  up,  and  the  dis- 
cussion was  opened  by  Mr.  G.  W.  Rhodes,  who  gave  a  brief 
history  of  the  Coupler  Question  and  an  account  of  the  action 
of  the  Master  Car-Builders'  Association.     The  discussion  was 
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continued   by    Messrs.  Verbryck,   Wadsworth,   Perry,   W  .  A. 
Smith.  Pierce.  Mackenzie.  Forsyth  and  others. 

The  Club  then  elected  ollicers' for  the  ensuing  year  as  fol- 
Jows  ;  President,  Godfrey  W.  Rhodes  :  \'ice-President,  B. 
K.  Verl)ryck  ;  Treasurer,  \V.  B.  Sn.iw  :  Secretary,  Angus  Sin- 
clair. 

Master  Car  &  Locomotive  Painters'  Association. 

The  annual  convention  opened  in  Mew  York,  September  14. 
The  Secretary  reported  98  active  and  20  hoi.orary  members. 
The  following  officers  were  elected  :  President.  Samuel 
Brown,  Old  Colony  ;  First  Vice-President,  M.  W.  Stines,  Bar- 
ney &  Smith  Manufacturing  Company  ;  Second  Vice-Presi- 
dent, J.  J.  Murphy.  Louisville  iS:  Nashville  ;  Secretary  and 
Treasurer.  Robert  McKeon.  New  York,  Pennsylvania  &  Ohio. 

The  session  was  mainly  occupied  by  a  discussion  on  the  use 
of  raw  linseed  oil  with  japan. 

In  the  evening,  the  members  attended  a  reception  given  them 
by  the  I'ainters  i:  Decorators'  Association  of  New  York. 

On  the  second  day,  papers  were  read  and  discussed  on  the 
Drying  and  Binding  Qualities  of  Japan  ;  the  (Juantity  of  Paint 
Required  per  Square  Yard  of  Surface  ;  the  Management  of 
the  Railroad  Paint  Shop,  and  Priming  Coat  for  Locomotive 
and  Tank  Work.  The  discussions  were  generally  joined  in  by 
the  members   present. 

On  the  third  day.  the  discussions  and  papers  were  on  the 
Best  Method  of  Mi.xing  and  Grinding  Car  Body  Colors  ;  Ef- 
fect of  Iron  Rust  on  Paint,  and  on  Painting  the  Inside  of  Ten- 
der Tanks. 

The  Association  has  appointed  a  new  Standing  Committee, 
whose  business  is  to  answer  inquiries  made  by  members.  It 
is  called  the  Committee  on  Information  and  is  composed  of 
Messrs.  Robert  McKeon,  F.  M.  Widser,  B.  B.  Hodges  and 
\V.  C.  Fitch. 

New  England  Railroad  Club. 

The  first  meeting  of  the  season  was  held  at  the  Quincy 
House,  Boston,  on  the  evening  of  September  14.  This  meet- 
ing was  devoted  to  the  annual  dinner  of  the  club,  and  about 
130  members  and  invited  guests  were  present,  with  President 
Lauder  in  the  chair. 

.\fter  the  dinner  had  been  disposed  of,  President  Lauder 
called  the  company  to  order  and  said  he  was  very  glad  to  see 
so  auspicious  an  opening  of  the  regular  meetings  of  the  Club 
for  the  fall  and  winter.  He  never  saw  so  large  an  attendance 
before  at  any  meeting  of  the  Club,  and  he  hoped  that  the  e.\- 
ample  shown  at  putting  in  solid  work  would  be  followed  by 
similar  work  at  other  meetings.  In  closing,  Mr.  Lauder  said 
that  Mr.  J.  A.  Coleman,  of  Providence,  had  consented  to  read  a 
paper  on  the  Rise  of  the  Railroads,  and  the  Influence  of 
Mechanical  and  Other  Organizations  on  Their  Progress. 

Mr.  Coleman  spoke  of  his  recent  visit  to  England,  the  birth- 
place of  railroads.  The  genius  and  perseverance  of  George 
Stephenson  and  his  early  inventions  and  triumphs  were  detailed 
at  some  length,  and  after  showing  that  tramways,  run  by 
horses,  were  in  use  in  England  as  early  as  1750  or  1760,  Mr. 
Coleman  referred  to  the  early  history  of  railroads  in  this  coun- 
try, and  rapidly  sketched  their  wonderful  growth  up  to  the  pres- 
ent year,  closing  by  speaking  briefly  of  the  influence  of  such 
associations  as  the  New  En.gland  Railroad  Club. 

Miss  Ada  D.  Xoves,  of  Lowell,  recited  a  sketch  entitled 
"  Too  Late  for  the  Train,"  and  was  followed  by  ex-Gov.  Smyth, 
of  New  Hampshire,  who  spoke  of  the  important  interests  rep- 
resented by  the  gentlemen  before  him,  and  the  necessity  of 
having  men  with  brains  in  their  ranks. 

General  Superintendent  Jackson,  of  the  New  York  &  New 
England  Railroad,  spoke  of  the  necessity  of  having  men  in  the 
railroad  service  who  take  pride  in  their  profession. 

Mr.  George  H.  Conant  was  called  upon  to  speak  for  the 
ladies,  and  he  was  followed  by  Miss  Noyes,  who  gave  another 
recitation  that  received  hearty  applausa. 

Mr.  Shinn,  Mr.  Forney,  Mr.  Lewis  and  others,  spoke  briefly. 
and  the  exercise  closed  soon  after  10  o'clock. 


American  Society  of  Civil  Engineers. 

A  KEC.UL.\R  meeting  was  held  on  the  evening  of  September 
7  at  the  Society's  house  in  New  York.  Mr.  C.  C.  Schneider 
was  called  to  the  chair. 

Written  discussions  on  Inspection  and  Maintenance  of 
Bridges  were  presented  by  W.  S.  Lincoln  and^by  R.  A.  Shaler. 
.and  read  by  the  Secretary. 


A  letter  was  also  read  from  Fred.  C.  Weir,  Cincinnati,  de- 
scribing some  Howe- truss  bridges  on  the  railroad  between  St. 
Petersburg  and  Moscow,  Russia.  These  bridges  were  planned 
in  1840,  and  work  superintended  by  an  American.  The  timber 
used  in  them  was  planed  and  burnetized.  In  1S61,  they  were 
inspected  by  Mr.  Harris,  an  old  Massachusetts  bridge  builder, 
who  reported  that  not  a  rotten  timber  was  found. 

Nine  lithographic  copies  of  the  plans  of  these  bridges  were 
exhibited. 

The  following  elections  were  announced  :  Memhers,  Calvin 
Harlow  Allen.  New  York  ;  Robert  Bunker  Coleman  Bement, 
St.  Paul,  Minn.;  Peter  Franklin  Bredlinger,  Pottsville,  Pa.; 
Alba  Fisk  Brown,  Pittsburgh,  Pa.;  (ieorge  Devin,  Pittsburgh, 
Pa.;  Roscoe  Edwin  Farnham,  Chicago  ;  Charles  Hallett,  Gra- 
ham, New  York  ;  Charles  Harlowe,  Chicago  :  David  Christian 
Henny,  Cleveland,  O.;  Edward  VVillard  Howe,  Boston  ; 
William  Dunbar  [enkins,  Kansas  Citv.  Mo.;  Horace  Greeley 
Johnston,  Salina.Kan.;  Alfred  Potter  Kirtland,  Blairsville.  Pa.; 
Frederick  Nash  Owen,  New  York;  Alfred  llolden  Simpson, 
Newport  News,  \'a.;  Otto  Frederick  Sonne,  Orrick.  Mo.; 
William  Starling.  Greenville,  Miss.;  Alfred  Thomas  Tomlin- 
son.  Badger,  Col.;  Francis  Stuart  Williamson,  Jersey  Citv, 
N.J. 

fiiiiiors.—]\i\\Mi,  Baler.  St.  Louis,  Mo.;  Gilbert  James 
Bell.  Orrick.  Mo.;  Frank  Beresford,  Cincinnati,  O.;  Edwin 
Mitchell,  Norfolk,  Va. ;  George  Richard  Sikes,  Philadelphia  ; 
George  Oliver  Tenney,  Decatur.  Ala.;  Yoshichika  Wada, 
Orrick,  Mo. 

It  was  announced  that  subscriptions  to  the  building  fund  now 
amount  to  |8,oS7.  A  special  committee  has  been  appointed, 
consisting  of  Messrs.  T.  C.  Clark.  D.  J.  Whittemore  and  J. 
M.  Wilson,  to  solicit  further  subscriptions  from  members  and 
others  who  may  feel  interested  in  the  Societv. 

A  REGULAR  meeting  was  held  at  the  Society's  house  in  New 
York,  September  21.  Colonel  W.  H.  Paine  was  called  to  the 
chair. 

A  number  of  photographs  of  the  Poughkeepsie  Bridge  and 
also  of  the  Kentucky  &  Indiana  Bridge  were  on  the  Secretary's 
table. 

A  paper  on  Excessive  Rainfalls  by  Mr.  S.  Whinery  was  read. 
The  author  instanced  rainfalls  at  Somerset,  Ky..  near  Meri- 
dian, Miss.,  and  at  Alexandria.  La.  It  is  to  be  regretted  that 
in  most  cases  of  extraordinarv  rainfalls  only  chance  data  are 
preserved,  and  there  is  no  official  record.  The  use  of  good 
self-registering  gauges  by  the  Signal  Service   is  recommended. 

A  discussion  followed.  Mr.  Flagg  mentioned  a  storm  at 
St.  Kitts,  West  Indies,  in  18S5,  when  over  30  in.  of  rain  fell  in 
6  hours. 

Mr.  Anderson  fof  the  Public  Works  Department  of  India) 
said  that  in  Malabar  a  storm  had  occurred  in  which  25  in.  of 
rain  fell  in  24  hours,  nearly  all  of  it  in  15  hours.  This  rain 
extended  over  100  square  miles. 

A  written  discussion  on  the  Kentucky  &  Indiana  Bridge  by 
Mr.  J.  W.  Schaub,  was  read  by  the  Secretary.  This  was  fol- 
lowed by  a  discussion,  in  which  Messrs.  Cooper,  Emery  and 
others  took  part. 

Master  Mechanics'  Association. 

Thk  following  circulars  have  been  issued  from  the  office  of 
Secretary  Angus  Sinclair,  No.  175  Dearborn  Street,  Chicago  : 

CONCERNING   CIRCUL.\RS    Ol-    INQUIRY. 

In  sending  out  circulars  of  investigation,  the  Advisory  Com- 
mittee would  remind  the  members  that  upon  the  character  of 
the  answers  returned  to  the  circulars,  must,  to  a  great  extent, 
depend  the  value  of  the  reports  for  next  Convention.  Every 
year,  committees  have  had  reason  to  make  complaints  of  the 
limited  number  of  replies  returned  in  answer  to  the  circular  of 
inquiry.  We  urgently  call  upon  the  members  to  make  com- 
plaint of  this  kind  unnecessary  in  the  future.  It  is  very  desir- 
able that  good  reports  should  be  prepared,  but  the  data  for  the 
same  ought  to  be  supplied  by  individual  members. 

There  are  few  members  of'the  Association  who  have  not  facts 
drawn  from  their  practice  to  record,  whiih  would  be  of  value 
to  the  whole  railroad  world  ;  and  in  numerous  instances,  they 
are  kept  back  through  mistaken  mo'esiv.  or  in  the  belief  that 
they  might  not  be  properly  appn  ciaicrl.  That  is  a  mistake. 
Anything  a  mechanical  man  is  doing,  which  he  has  not  seen 
others  doing  in  the  same  wav,  will  excite  interest.  We  would 
then  earnt-sllv  pte^s  upon  members  n'  t  to  pigeon-hole  the  cir- 
culars of  inquiry,  but  to  answer  the  qucslio.  s  as  satisfactorily 
as  possible,  and  return  them  promptly  to  the  proper  destina- 
tion. 
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SPRINGS   AND    EQfAUZERS. 

The  subject  of  springs  and  equalizers  is  one  that  may  be 
taken  up  from  different  points  of  view.  It  occurs  to  your  Com- 
mittee, however,  that  the  principal  point  for  them  to  report 
on  wou'd  be,  if  possible,  to  establish  uniformity  in  the  size  of 
steel  for  plates,  and  the  length  of  spring  best  adapted  for  driver 
and  engine  trucks  of  the  ordinary  American  engines.  With 
this  point  in  view,  it  is  respectfully  requested  that  each  mem- 
ber make  as  full  a  report  as  possible,  accompanying  the  same 
with  drawings. 

1.  What  size  of  steel  do  you  consider  gives  the  best  results 
in  locomotive-driver  and  engine-truck  springs?  It  is  assumed 
that  crucible  cast-steel  is  used,  but  if  not,  please  state  what 
kind  of  steel  you  recommend. 

2.  What  length  of  spring,  from  center  to  center  of  hangers, 
gives  the  best  results  both  for  driver  and  engine-truck  springs  ? 

3.  How  many  plates  should  be  in  each  driving  spring,  to 
carry  an  eight-wheel  passenger  engine,  with  about  56,000  lbs. 
on  the  driving  wheels,  or  about  14,000  lbs.  on  each  driver  ? 

4.  How  many  plates  for  engine-truck  springs  with  about  34,- 
000  lbs.  on  truck  wheels  ? 

5.  How  much  camber  or  set  should  such  driving  and  truck 
springs  have  when  free?  How  much  when  loaded  with  the 
above  weights  ? 

6.  Do  you  recommend  the  same  size  of  steel  and  distance 
between  hangers  for  all  classes  of  engines,  and  regulate  the 
capacity  by  the  number  of  plates,  or  do  you  have  different  sizes 
of  steel  to  change  the  capacity?  If  the  latter,  please  state  the 
advantages  of  that  plan. 

7.  Please  state  your  preference  for  the  attachment  of  the 
spring  hanger — slot  or  stirrup^and  give  your  reasons  for  the 
preference. 

8.  What  is  your  method  of  applying  bands?  What  size  of 
iron  do  vou  use?  And  is  there  any  advantage  in  making  the 
bands  wider  at  the  bottom  than  at  the  top? 

9.  Have  you  had  any  experience  in  the  use  of  bandless 
springs. 

10.  What  is  your  practice  in  regard  to  equalizers  for  driving 
springs?  Do  you  recommend  a  solid  bar  or  one  slotted  for  a 
post?  Please  send  sketch  or  blue  print  showing  equalizersand 
attachment,  both  in  the  center  and  to  spring. 

11.  What  is  your  practice  in  regard  to  engine  truck  equal- 
izers? Please  send  sketch  or  blue  print  of  equalizer  and  at- 
tachment to  truck  box  and  spring. 

12.  Please  send  sketch,  or  blue  print,  of  what  you  would  re- 
commend as  the  best  form  of  equalizer  and  attachment  for  a 
Mogul  or  two-wheel  truck. 

John  Mackenzie,  i 
Wm.  Swanston,       •  Committee. 
J.  S.  Porter,  \ 

-Answers  to  be  sent  to  John   Mackenzie,    Superintendent   of 

Motive    Power,    New   York.   Chicago    &    St.    Louis    Railwav, 

Cleveland,   Ohio. 


PERSONALS. 

Commander  G.  H.  'Wadleigh,  U.  S.  N.,  has  been  ordered 
to  duty  as  Navigation  Officer  at  the  Boston  Navy  Yard. 

Assistant  Engineer  E.  T.  Warburton,  L'.  S.  N..  has  been 
ordered  to  special  duty  at  the  Union  Iron  Works,  San  Francisco. 

Ensigrn  Joseph  L.  Jayne,  U.  S.  N.,  has  been  ordered  to 
duty  at  Johns  Hopkins  University  in  Baltimore. 

Lieutenant  William  P.  Potter,  U.  S.  N..  has  been  ordered 
to  duty  at  the  Xaval  Academy  at  Annapolis. 

Ensign  William  L.  Howard,  U.  S.  \.,  has  been  ordered 
to  special  duty  in  the  Bureau  of  Navigation. 

Mr.  John  Player  has  been  appointed  Superintendent  of 
Motive  Power  of  the  Wisconsin  Central  Railroad. 

Mr.  F.  G.  Brooks  is  Chief  Engineer  of  the  projected  Forest 
City  \-  Watertown  line  in  Dakota. 

Mr.  H.  L.  Cooper  has  resigned  his  position  as  Master  Me- 
chanic of  the  New  York,  Pennsylvania  &  Ohio,  and  will  here- 
after reside  in  Chicago. 

Assistant  Engineer  Ira  N.  HoUis,  U.  S.  N.,  has  been 
ordered  10  special  duty  at  the  Manual  Training  School,  Chi- 
cago. 

Assistant  Engineer  H.  W.  Spangler,  U.  S.  N.,  has  been 
ordered  to  duty  at  the  University  of  Pennsylvania  in  Phila- 
delphia. 

Assistant  Naval  Constructor  A.  W.  Stahl,  U.  S.  N.,  has 
been  ordered  to  special  dutv  at  the  shipyard  of  Cramp  &  Sons, 
Philadelphia. 


Mr.  J.  C.  Chase  has  been  appointed  City  Engineer  of  Wil- 
mington, N.  C.  He  was  recently  Superintendent  of  the  water 
works. 

Mr.    J.    Van   Smith   is   appointed   Superintendent   of    the 
Philadelphia  Division  of  the  Baltimore  &   Ohio   Railroad,  in 
j    place  of  Mr.  Wilbert  Irwin,  resigned. 

Mr.  John  M.  Marstellar  is  appointed  Master  Mechanic  at 
Martinsburg,  W.  \'a.,  shops,  succeeding  Mr.  William 
Edwards,  resigned. 

Mr.  Edwin  F.  Jones,  formerly  with  the  Louisville  &  Nash- 
ville, has  been  appointed  Chief  Engineer  of  the  Buena  Vista  & 
Ellaville  Railroad  in  Georgia. 

Mr.  Peter  Rockwell  has  been  appointed  General  Road- 
Master  of  the  I'nion  Pacific  Railway,  in  place  of  Mr.  Joseph 
McLcod,  who  has  resigned. 

Mr.  A.  B.   Paine  is  Chief  Engineer  of  the  projected  Pough- 
keepsie,  Hartford  &  New  England  Railroad,  and  his  headquar- 
j    ters  are  at  Poughkeepsie,  N.  Y..  for  the  present. 

Professor  G.  Brown  Goode,  Assistant  Director  of  the 
National  Museum,  has  been  appointed  Commissioner  of  Fish 
and  Fisheries,  vice  Professor  S.  F.  Baird,  deceased. 

Mr.  Frank  C.  Smith  has  been  appointed  Master  Mechanic 
of  the  Peoria,  Decatur  &  Evansville  Railroad,  with  office  at 
Mattoor.  Illinois. 

Mr.  B.  H.  Bryant  has  been  appointed  Chief  Engineer  of 
the  Colorado  Midland  Railroad,  with  office  at  Colorado 
Springs,   Colorado. 

Mr.  M.  V.  Smith,  of  the  Pittsburgh  iron  firm  of  Smith  & 
Laughlan,  has  been  appointed  Consulting  Engineer  of  the  East 
Chicago  Rolling  Mill  Company. 

Mr.  H.  P.  Hale  has  been  appointed  Engineer  of  Mainten- 
ance of  Way  of  the  Toledo  Division  of  the  Pennsylvania  Com- 
pany's lines. 

Mr.  E.  St.  John,  late  Assistant  General   Manager,  has  been 
I    appointed  General  Manager  of   the   Chicago,   Rock   Island  & 
Pacific  Railroad. 

Mr.  T.  F.  Whittlesey  is  appointed  Superintendent  of  the 
'  Kalamazoo  Division  of  the  Lake  Shore  &  Michigan  Southern 
I    road,  in  place  of  .M.  E.  Wattles,  resigned. 

Mr.  M.  E.  Wattles,  late  with  the  Lake  Shore  &  Michigan 
Southern,  has  been  appointed  General  Superintendent  of  the 
Ci^icago,  Kansas  &  Nebraska. 

The  late  Alfred  Krupp  is  to  be  commemorated  by  a  statue 
to  cost  iji  5,000,  to  be  erected  in  the  Market-place  at  Essen, 
Prussia. 

Mr.  W.  Alvey  has  been  appointed  General  .\gent  of  the 
Baltimore  &  Ohio  Railroad  at  Washington,  succeeding  Mr.  J. 
F.  Legge,  promoted. 

Mr.  S.  R.  Callaway,  formerly  Vice-President  and  General 
I    Manager  of  the  Union  Pacific,   has  been    chosen    President   of 
I    the  Toledo,  St.  Louis  &   Kansas  City  Railroad  Company. 
I        O.  H.  P.  Cornell,  of  Albany,    is  the   Republican   candidate 
for  State  Engineer  of  New  York.       He   is  a  civil   engineer   by 
profession  and  a  son  of  the  late  Ezra  Cornell,  founder  of  Cor- 
nell University. 

Mr.  J.  F.  Legge,  General  Agent  of  the  Baltimore  &  Ohio 
Railroad  at  Washington,  has  been  appointed  Superintendent 
of  the  Western  Division,  Main  Stem,  succeeding  Mr.  C.  Dun- 
lap,  resigned,  dating  from  Sept.  15,  1SS7. 

Mr.    G.   A.  Thompson,   late    Roadmastcr   of   the  Western 
'    Division  of  the  New  York,  Lake  Erie  &  Western  Railroad,  has 
been  appointed  Superintendent  of    the    Rochester    Division  of 
the  same  road. 

Mr.  H.  G.  Manning,  formerly  on  the  Boston  &  Albany 
road,  and  recently  with  the  estate' of  F.  W.  Richardson,  has 
accepted  a  position  with  the  Hinkley  Locomotive  Company, 
of  Boston. 

S.    W.  Robinson,   Professor   of   Mechanical   Engineering, 

Ohio  State  University,  has  just  terminated  an  engagement  as 

Consulting  Engineer  of  the  Atlantic  &  Pacific  Railroad,  with  a 

report  upon  the  iron  bridges  of  the  road. 

I        Mr.  S.  F.  Woods,  Chief  Clerk  in  the  office  of  Superintend- 

!    ent  of  Motive  Power  Rhodes,  of  the   Chicago.    Burlington  & 

Qumcy.  has  accepted  a  position  with  the  Eamcs\'acuum  Brake 

'    Company. 

Mr.  O.  W.  Stager  has  been  appointed  Assistant  Superin- 
tendent of  the  Main  Line  Division,  Philadelphia  &  Reading 
Railroad,  with  office  at  Reading,  Pa.  He  has  been  Superin- 
tendent of  Telegraph  for  many  years. 


Tol.  LXI.  No.  lo.  ] 


ENGINEERING    JOURNAL. 


486 


Mr.  William  E.  Green  has  been  appointed  Assistant  .Supcr- 
inlendent  of  the  Chicago,  Burlington  &  Northern  Railru.id, 
with  office  at  I-a  Crosse,  Wisconsin.  He  was  recently  Roail- 
mastcr  of  the  road. 

Mr.  A.  Kimball,  for  30  years  connected  with  the  Chicago, 
Rock  Island  \-  Pacific  road,  has  retired  from  the  active  duties 
of  \'ice-President,  but  has  consented  to  remain  with  the  Com- 
pany as  Assistant  to  the  President. 

Mr.  G.  M.  Farley  is  appointed  Engineer  of  Maintenance  of 
Way  of  the  New  York  &  New  Kngland  Railroad,  with  head- 
quarters at  Hartford,  Conn.  He  was  recently  with  the  Penn- 
sylvania Company. 

Mr.  John  Bogart,  Secretary  of  the  American  Society  of 
Civil  Engineers,  is  prominently  mentioned  as  a  candidate  for 
the  office  of  Slate  Engineer  of  New  York  at  the  coming  elec- 
tion. 

Professor  M.  E.  Wadsworth,  of  Colby  University,  Water- 
ville.  Me.,  has  been  appointed  Principal  of  the  mining  school 
at  Houghton,  Mich,  in  place  of  Professor  Albert  Williams,  re- 
signed. 

Mr.  A.  K.  Mansfield  has  removed  his  headquarters  from 
Chicago  to  New  York  City,  where  he  will  continue  his  busi- 
ness as  mechanical  engineer,  in  company  with  Mr.  George 
L.  Mansfield,  the  firm  name  being  A.  K.  Mansfield  &  Co. 
The  removal  was  made  October  i. 

Dr.  Charles  W.  Dabney,  Jr.,  who  has  done  much  valuable 
work  as  State  Chemist  and  Director  of  the  North  Carolina 
Agriculture  E.xiieriment  Station,  has  accepted  the  Presidency 
of  the  University  of  Tennessee,  and  assumed  the  directorship 
of  the  Agriculture  E.xperimental  Station  in  the  same  State. 

Mr.  Arthur  S.  C.  Wurtele  has  been  appointed  Deputy  State 
Engineer  of  New  York,  in  place  of  John  Bogart,  resigned.  Mr. 
Wurtele  was  formerly  on  the  New  York  Central,  and  has  re- 
cently been  in  the  Department  of  Public  Works  of  New  York 
City.' 

Mr.  Charles  E.  Emery  has  resigned  his  position  as  Mana- 
ger and  Engineer  of  the  New  York  Steam  Company, 
but  remains  Consulting  Engineer  of  the  Company.  Mr. 
Emery  will  devote  himself  to  his  practice  as  consulting  engi- 
neer and  expert. 

Mr  William  J.  Murphy,  who  succeeds  Mr.  Benjamin 
Thomas  as  General  Superintendent  of  the  New  York,  Lake 
Erie  &  Western  Railroad,  has  been  for  many  years  in  the  ser- 
vice of  the  road,  working  his  way  up  gradually  to  his  present 
position.  For  sometime  past  he  has  been  Superintendent  of 
the  Buffalo  Division. 


NOTES   AND   NEWS. 

Australian  Railroads. — The  Australian  Intercolonial  Rail- 
road has  just  been  completed  between  Adelaide,  South  Australia, 
to  Melbourne,  \'ictoria,  a  distance  of  508  miles.  From  Mel- 
bourne to  Sidney.  New  South  Wales,  there  is  already  a  line  in 
operation  553  miles  in  length.  From  Sidney  there  is  a  line 
under  construction  to  Brisbane,  the  capital  of  Queensland,  a 
distance  of  500  miles.  The  railroad  system  of  Australia,  how- 
ever, is  very  small  as  yet,  compared  to  the  extent  of  the 
country. 

A  Great  Granite  Shaft.— The  Bodwell  Granite  Company 
recently  took  out  from  its  quarries  in  Maine  a  granite  shaft 
115  ft.  long,  10  ft.  square  at  the  base  and  weighing  S50  tons. 
It  is  claimed  that  this  is  the  largest  single  quarried  stone  on 
record. 

An  Electric  Watchdog. — A  resident  of  Plymouth,  Mass., 
protects  his  grapevines  from  fruit  thieves  in  a  novel  manner! 
The  supports  are  of  wood,  but  the  cross-pieces  are  of  wires  in- 
sulated from  the  ground  and  connected  with  an  induction  coil 
capable  of  delivering  a  heavy  spark  through  an  inch  of  air. 
The  other  pole  of  the  coil  is  connected  to  the  ground.  Six 
good-sized  bichromate  of  potash  cells  furnish  electro-motive 
force  for  the  coil.  Short  wires  hanging  among  the  wines  are 
secured  to  the  large  wires,  and  when  any  one  monkeys  with 
the  grapevine  while  the  battery  is  connected  the  neighborhood 
is  apt  to  hear  from  him.  It  works  every  time,  and  no  one 
comes  for  a  second  dose. — Boston  Herald. 

Utilizing  the  Rhone  at  Geneva.— Arrangements  are  in 
progress  to  utilize  the  water  power  of  the  River  Rhone  at 
Geneva,  Switzerland.  Under  an  agreement  lately  made,  the 
left  arm  of  the  river  is  to  be  used,  the  right  branch  being  left 
entirely  clear  as  an  outlet  for  the  lake.  The  fall  obtained  is 
from  5,!^  to  12  ft.,  and  the  quantity  of  water  is  estimated  at 
about  4,700  cubic  feet  per  second,   at  the  lowest  stage  of  the 


An  English  Ship  Canal. — A  plan  has  been  proposed  in 
England  for  giving  Birmingham  the  advantages  of  a  water 
connection.  The  plan  is  to  enlarge  the  present  Worcester  & 
Birmingham  Canal,  make  some  additions  to  the  work,  now 
existing:  for  the  navigation  of  the  Severn  River,  thus  carrying 
the  navigation  to  Gloucester.  At  Gloucester,  advantage  will 
be  taken  of  the  Berkeley  Ship  Canal,  extendmgto  the  estuary 
of  the  Severn  ;  this  will  re(|uire  an  extension  of  about  6  miles 
to  secure  a  better  entrance.  The  cost  of  the  whole  project, 
including  the  purchase  of  the  existing  canals,  is  estimated  at 
$1", 000,000.  Birmingham  would  be  accessible  for  vessels  of  200 
tons,  and  would  have  the  advantage  of  a  water  route  compe- 
tion. 

An  Earthquake  Theory. — In  certain  disturbed  regions 
calcareous  rocks  full  of  fissures  and  caverns  may  exist  to  a  very 
great  depth  from  the  surface.  The  subterranean  cavities  which 
the  infiltration  of  water  has  created  in  such  places  may,  in  spite 
of  thr  fissures  which  only  allow  water  and  steam  to  pass  slow- 
ly and  with  difficulty,  become  like  boilers  or  closed  receivers 
containing  steam  under  pressure  and  water  whose  boiling  boiling 
corresponds  to  that  pressure.  These  temperatures  and  pre- 
sures  increase  from  one  cavity  to  another  with  a  force  and  at 
a  measure  depending  on  the  depth  below  the  surface. 

Now,  if  two  cavities  where  the  pressures  are  difherent  come 
into  sudden  communication,  either  through  the  breakingof  the 
partition  between  them  or  the  enlargement  of  the  fissures 
which  connect  them,  there  would  be  produced  a  sudden  lower- 
ing of  pressure  in  the  cavity  where  it  was  the  higher,  and,  con- 
sequently, the  instantaneous  transformation  into  steam  of  a 
part  of  the  water  contained  in  it  ;  that  is  to  say,  a  true  explo- 
sion, of  a  violence  sufficient  to  make  itself  felt. 

If  we  admit  an  increase  of  te  nperature  of  i''  for  each  30 
meters  of  distance  below  the  surface,  such  phenomena  as  are 
referred  to  above  could  be  produced  at  the  relatively  small 
depths  of  4,000  to  5,000  meters  below  the  surface. — .i/.  O/'per- 
man.  in  Revue  Scientifuitie. 

New  Wheel  Lathe.— Messrs.  Collier  &  Co.,  of  Salford, 
England,  have  just  constructed  a  lathe  specially  adapted  for 
turning  locomotive  wheels  after  they  are  fixed  on  the  axle, 
and  it  is  arranged  to  turn  the  sides  and  tread  of  the  wheel  at 
one  setting  of  the  rest.  The  machine  consists  of  a  strong  bed 
which  is  sunk  level  with  the  floor  line,  so  that  the  wheel  can 
be  passed  into  the  lathe  without  lifting.  The  headstocks  are 
made  proportionately  strong  ti)  deal  with  wheels  up  to  6  ft. 
diameter  whilst  fixed  on  their  crank  axles,  and  the  spindles  are 
provided  with  steel  anti-friction  washers,  to  prevent  end- 
thrust.  The  loose  headstock  is  movable  on  the  bed  by  means 
of  rack  and  pinion  to  suit  different  lengths  of  axles,  and  the 
face  plate  can  be  run  at  the  same  or  different  speeds,  to  enable,  if 
required,  a  tire  to  be  turned  at  one  face  plate  whilst  a  wheel 
is  being  bossed  at  the  other.  The  feed  motions  are  self-con- 
tained with  the  bed,  and  give  two  cuts  to  one  revolution  of  the 
face  plate.  The  compound  rests  are  provided  with  double 
swivels,  to  enable  the  sides  and  treads  of  wheels  to  be  turned 
without  moving  the  saddle  or  rest  on  the  bed. —  The  Engineer. 

A  Caucasus  Railroad. — The  question  of  constructing  a 
railway  crossing  the  principal  chain  of  the  Caucasus  occupies 
the  attention  of  the  Russian  Minister  of  Public  Roads.  The 
termini  proposed  are,  in  the  north,  the  Darg-Koch  station  of 
the  Vladikavkas  Railroad,  and.  in  the  south,  the  Gori  station 
of  the  Transcaucasian  Railroad.  The  engineering  difficulties 
to  be  encountered  in  the  construction  of  the  railway  are  im- 
mense ;  but  they  will  be  overcome,  as  others  as  formidable 
have  been  before  them.  The  cost  of  construction,  however, 
will  be  enormous.  The  railroad  will  only  be  about  120  miles 
long,  of  which  about  11  miles  will  be  tunnels,  and  the  expenditure 
estimated,  roundly,  at  .'Jss.ooo.ooo,  or  §29C,ooo  per  mile.  As 
the  railroad  will  be  a  line  of  the  highest  military  importance, 
expense  will  probably  be  no  consideration. 

Purchase  of  Norwegian  Private  Railroads. — The  ques- 
tion of  the  Swedish  State  buying  all  the  private  railway  lines 
in  that  country  has,  for  some  time,  been  on  the  tupis.  although 
no  definite  decision  has  been  or  in  all  probability  will  be  taken 
within  the  first  few  months.  The  Norwegian  Government  is 
entertaining  a  similar  plan,  and  a  measure  to  this  effect  is 
already  before  the  Norwegian  Diet.  It  proposes  to  authorize 
the  Government  to  purchase  through  a  period  of  three  years 
what  shares  they  can  obtain  at  a  certain  fixed  list  of  prices. 
These  vary  very  considerably  for  the  different  companies  ;  they 
are  all,  and  most  of  them  very  much,  below  par.  An  excep- 
tion in  this  respect  is  the  main  line,  for  the  private  shares  of 
which  it  is  proposed  to  pay   115  per  cent.     Should  the  private 
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shareholders  not  respond  sufficientlv  10  this  offer,  the  (Govern- 
ment will  probably  have  to  expropriate  the  remainder  of  the 
shares,  a  somewhat  extreme  proceeding,  which  they  hope  to 
avoid.  The  State  already  owns  a  number  of  shares  in  all  the 
railroads,  having  assisted  with  loins  or  grants  at  the  building 
of  the  railroads  ;  the  remaining  shares  are  held  by  various  cor- 
porations, etc.,  and  private  persons. 

Railroad  Rates— In  the"  Nationality  and  Railroad  Policy" 
of  the  late  Baron  Von  Weber,  published  in  1S75,  occurs  the 
following  passage  :  "  It  cannot  be  iknied  that  the  rales  of 
railroads  form  an  impenetrable  chaos,  in  which  the  worst 
forces  of  secrecy,  discrimination,  improper  motives,  work 
without  restraint,  but  in  which,  most  of  all,  false  logic  has  its 
domain.  Hut.  on  the  other  hand,  neither  can  it  be  denied 
that  all  attempts  to  purify,  to  or,t;anise,  and  to  systematise 
have  had  for  their  sole  result  to  make  this  chaos  still  more 
chaotic.  .-Xnii  this  is  not  only  because,  as  pessimist  antago- 
nists of  the  railroads  claim,  with  only  partial  justice,  because 
the  obscurity  of  the  system  of  rates  is  not  unwelcome  to  many 
railroad  managements,  but  simply  because  it  is  no  more 
possible  to  systematise  railroad  rates  than  the  market  prices 
of  bread  and  meat.  The  utilizalion  of  railroads,  whether 
Government  or  private  roads,  is  a  commercial  operation,  in 
which  demand  and  supply,  value  in  use  and  cost  of  production 
play  just  the  same  part  as  in  every  other  commercial  opera- 
tion. Now,  since  the  cost  of  performing  the  transportation 
everywhere  varies  like  the  selling  price  of  goods,  the  demand 
and  supply  of  transportation,  the  infinite  permutation  of  ihese 
values  make  any  logical  and  universally  just  systematisation 
of  the  rates,  a  priori,  a  labor  of  the  Danaids." 

Chinese  Coinage.— A  correspondent  of  the  Etti^ineei 
writes  from  Canton  that  copper  or  brass  coins  are  made  in 
China  by  pouring  molten  metal  into  moulds  instead  of  stamp- 
ing or  impressing  the  device  and  superscription  on  the  pre- 
pared metal  discs  by  machinery.  \'ery  inferior  work  is  there- 
suit,  and  the  same  correspondent  says  that  it  is  not  unusual 
for  the  very  men  who  are  engaged  in  making  coins  for  the 
Government  to  go  home  and  make  some  on  their  own  account 
in  the  evening.  They  are  smaller  in  size  and  made  of  baser 
metal  than  those  made  for  the  Government,  but  they  pass  all 
the  same. 

English  Iron  and  Steel  Production.— For  the  six  months 
ending  June  30.  the  production  of  pig-iron  in  the  United  King- 
dom is  reported  by  the  British  Iron  Trade  Association  as  fol- 
lows : 

1887.  1886. 

Furnaces  in  blast 407  396 

Production,  half-year,  tons 3,668,115      3.'i36.774 

The  increase  this  year  was  131,341  tons,  or  3j^  percent. 
On  June  30  last  there  were  459  furnaces  out  of  blast. 

The  statement  for  Bessemer  steel  production  for  the  half- 
year  is  as  follows  : 

1887.  1886. 

Ingots.tons 015.554  713.337 

<jther  finished  products 378,034  

The  other  finished  products  include  plates,  angles,  bars, 
lish-plates,  sleepers,  castings,  etc.;  also  blooms  and  billets. 

Honoring  an  Old  Engineer.— It  is  known  that  the  beauti- 
tiful  stone  bridge  (1,000  ft.  long)  which  unites  the  two  banks  of 
the  Loire  at  Orleans,  and  which  serves  for  the  passage  of  the 
national  road  from  Paris  to  Toulouse,  had  for  its  designer  M. 
Jean  Hupeau,  who  died  in  1763,  after  having  held  for  nine 
years  the  title  of  First  Engineer  of  Bridges  and  Roads  (Premier 
Iiigi-nieur  drs  Fonts  et  Chauscis). 

in  18S4,  in  the  course  of  his  researches  into  the  history  of 
the  Department  of  Bridges  and  Roads,  Inspector-General 
Tarbe  de  St.  Hardouin  inquired  if  the  City  of  Orleans  had  pre- 
served the  memory  of  M.  Hupeau,  and  if  it  had  given  the 
name  of  that  eminent  engineer  to  any  of  its  streets.  The 
answer  was  in  the  negative,  but  the  question  was  sufficient  to 
call  attention  to  the  subject. 

A  few  months  since,  on  motion  of  a  member  of  the  munici- 
pal council,  M.  Chabassierc,  a  newly  opened  street,  which 
reaches  the  right  bank  of  the  Loire  obliquely,  at  the  entrance 
to  the  bridge  built  in  the  i8th  century,  received  the  name  of 
Rue  Jean  Hupeau,  in  memory  of  the  First  Engineer. — Annalcs 
des  Fonts  el  Oiaus.'es. 

Railroads  in  Siam.— Hon.  Jacob  T.  Childs,  United  States 
Minister  to  Siam,  writes  to  the  State  Department  as  follows  : 
••  At  last  Siam  is  to  have  a  number  of  railroads.  Last  week 
His  Majesty  King  Chulalongkorn  granted  to  Capt.  A.  J. 
Loftus,    his  hydrographer,  and   Capt.  A.  Richelieu,  two  Euro- 


peans ,  who  stand  high  in  favor  with  the  King  holding 
prominent  positions  here,  concessions  to  build  five  rail- 
roads in  various  parts  of  Siam  and  the  sole  right  to  lay  and 
operate  for  50  years  a  tramwav  in  the  city  of  Bangkf>k,  the 
latter  of  which  will  necessitate  the  laying  of  at  least  20  miles 
of  rail.  The  road  from  Bangkok  to  Paknam,  at  the  mouih  of 
the  river,  will  be  about  20  miles  in  length.  Capiain  Loftus 
left  with  Prince  Oevawongsc  for  England  to  form  a  company 
and  secure  proper  parties  and  capital  to  build  the  road.  1  he 
tramway  in  the  city  will  be  of  great  benefit  and  is  a  most  val- 
uable concession.  The  interior  of  Siam  once  <ipened  up  by 
railroads,  a  great  deal  of  latent  wealth  will  be  developed,  and 
they  will  add  largely  toward  settling  up  sections  that  are  now 
lying  idle." 

Blast  Furnaces  of  the-  United  States.— The  Ameriam 
Miinufticltirer  says:  "Our  usual  monthly  statement,  in  a 
condensed  form,  makes  the  following  showing  : 

In  blast.  Out  of  blast. 

Weekly  ^  Weekly. " 

Fuel.                                                    No,    Capacity.  No.  Capacity. 

Charcoal 79         13,000               99  10,129 

Anthracite  130         36,872               72  17,294 

Bituminous 143         87,953               70  28,^86 

Total 352        138,725  =4'  56,709 

"  This  is  the  largest  capacity  reported  in  blast  since  these 
reports  were  first  begun  in  the  Mmuifucturer  in  1872. 

' '  Compared  with  a  month  ago.  there  is  one  less  charcoal  fur- 
nace in  blast  and  496  tons  capacity  at  furnaces  using  charcoal  ; 
there  are  three  more  anthracite  furnaces  and  1,594  tons  more 
capacity,  while  at  the  bituminous  furnaces  the  number  in  blast 
has  increased  23,  and  the  capacity  17,098  tons. 

"  The  great  increase  this  month  is  due,  of  course,  to  the  re- 
sumption of  furnaces  that  were  laid  idle  by  reason  of  the  strike 
in  the  Connellsville  coke  region. 

"A  year  ago — September  i,  1SS6 — there  were  in  blast  66 
charcoal,  121  anthracite  and  132  bituminous  furnaces  :  a  total 
of  719  furnaces,  with  a  total  weekly  capacity  of  121,476  tons." 

Baltimore  &  Ohio  Employes'  Relief  Association. — The 

July  sheet  of  this  Association  shows  the  payment  of  benefits 
during  the  month,  as  follows  : 

Accidental  deaths 5  $5,000 

Accidental  injuries 366  4,344 

Natural  deaths 5  1.850 

Sickness  553  8,248 

Physicians' bills 189  1,184 

Total 1.118        $20,026 

The  number  of  benefit  payments  from  the  organization  of 
the  Association  has  been  65,209  in  all. 

New  Russian  Steel  Works. — The  construction  of  iron- 
clads at  Sebastopol  and  Nicolaefl  is  exercising  considerable 
influence  on  the  development  of  iron  and  steel  works  and 
rolling  mills  in  the  province  of  Ekaterinoslav.  .A  little  more 
than  two  years  ago  the  semi-official  Kriansk  Company  increased 
its  capital  by  nearly  |i. 250, 000  in  order  to  erect  new  works 
in  the  Krivoy  Rog  District,  as  a  branch  est,ablishment  to  its 
colossal  works  at  Briansk.  The  money  was  subscribed  with- 
out difficulty,  the  works  commenced,  and  during  the  the  past 
winter  i.ooci  men  have  been  employed  day  and  night  hasten- 
ing their  completion,  'n  response  to  the  pressure  of  the  tlov- 
ernment  and  the  commencement  of  rival  undertakings  by 
foreign  firms.  The  Krivoy  Rog  District  is  believed  to  con- 
tain the  richest  deposits  of  iron  in  the  world,  and  the  new 
Hriansk  establishment  is  wiihin  20  miles  of  the  town  of 
Ekaterinoslav.  close  to  the  works  Messrs.  Cockcrill  are  erect- 
ing. The  works  of  the  Hriansk  Company  are  expected  to  be 
finished  by  the  end  of  April.  They  comprise  l.irge,  iron-smelt- 
ing sheds,  steel  rolling  mills,  and  work-shops  for  forging  and 
casting.  At  the  outset,  the  works  will  be  chiefly  occupied  in 
manufacturing  steel  plates  for  the  South  Russian  iron-clads, 
and  steel  rails  for  the  new  East  Russian  railways.  Much  of 
the  machinery  now  being  erected  has  been  obtained  from 
abroad.  The  works  lie  close  to  the  railroad,  and  are  also  con- 
nected with  those  at  Hriansk  by  canal  and  river.  Their  com- 
pletion and  the  construction  of  the  other  norks  are  expected 
to  exercise  a  considerable  influence  not  only  in  the  develop- 
ment of  Ekaterinoslav,  but  on  the  South  Russian  iron  trade 
generally.  Judging  by  appearances,  the  iron  trade  of  Russia 
is  rapidly  shifting  from  the  I'rals  and  St.  Petersburg  to  the 
provinces  contiguous  to  the  Black  Sea.  and  the  development 
of  the  southern  Meet  will  hasten  this  movemeni.  Reports  are 
current  that  two  more  iron-clads  are  to.  be  commenced  this- 
year  at  Seb.aslopol, 
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The  Belgian  International  Exhibition.  — The  HelKi.iii 
Government  is  making  txtcns  vc  arranyenn-nis  for  ihc  great 
Intern. iMDiial  Concourse  of  Science  and  liulustry,  which  is 
fixed  to  take  place  at  Brussels  in  188S.  The  Director  of  ihe 
Belgian  section,  accompanied  by  several  members  of  the  gen- 
eral commissariat  department,  is  lunv  Ko'iR  the  round  of  the 
provinces  and  appointing  local  committees  in  the  different  in- 
dust'ial  centers.  The  duty  of  these  committees  will  consist  in 
grouping  t  gether  the  heads  of  local  industries  and  inducing  as 
many  as  p  )ssil>le  10  contribute  to  the  national  section.  Foreign 
committee"  are  being  organized  all  over  the  world. 

In  this  International  Concourse  the  Fortieth  Division  will 
have  charge  of  all  matters  relating  to  :  i.  Civil  Engineer- 
ing and  Public  Works  ;  2,  Architecture  ;  3,  Materials  of  Con- 
struction. 

Under  the  first  head,  designated  as  40A,  will  be  included  all 
plans  and  designs  for  roads,  canals  and  other  public  works  ; 
descriptions  of  works  completed  and  all  matters  marking  real 
progress  in  construction. 

Under  the  second  head — .)oB — will  be  included  plans  and 
designs  for  buildings  of  all  kinds  ;  special  attention  will  be 
paid  to  the  question  of  dwellings  lor  workingmen. 

The  third  subdivision— 40C— will  include  tests  of  materials 
— steel,  iron,  stone,  brick,  wood  etc.,  etc.;  apparatus  lor  tests  ; 
studies  on  cements,  beton,  etc. 

The  officers  of  Committee  No.  4oare:  President,  M.Theodore 
Lamal,  Brussels  ;  Vice-Presidents,  M.  VVynand  Janssens, 
Brussels,  and  M.  Louis  Berger,  Schaerbeck  ;  Secretaries,  M. 
Desaunois,  Brussels,  M.  Joniau.x,  Brussels,  and  M.  jean 
Laurent  Hasse,  .Antwerp. 

SiiMivision  ^oA  — President,  M.  T.  Lamal ;  Vice-Presidents, 
MM.  Cousin.  Charles  Legrand,  de  Raeve  and  Charles  Van 
Mierlo  ;  Secretary,  M.  Desaunois. 

Sn'tcii-isioii  ^o/i.  —  President,  M.  Wynand  Janssens;  Vice- 
Presidents,  MM.  Frans  Baekelmans,  J.  Brunfaut,  Ad.  Pauli 
and  Van  Ysendyck  ;  Secretaries,  MM.  Jean  Laurent  Hasse 
and  Heyninx. 

Subdivision  ^oC. — President,  M.Louis  Berger  ;  Vice-Presi- 
dents, MM.  de  Matthys,  Velge,  Zimmer  and  Wolters  ;  Secre 
taries,  MM.  Joniaux  and  Monnoyer. 

M.  Laval,  on  behalf  of  the  Committee,  issues  a  general  in- 
vitation to  engineers,  architects  and  all  others  interested  to 
attend  and  take  part  in  the  proceedings  of  the  International 
Concourse. 

The  Mercantile  Shipping  of  the  World. — The  figures 
given  in  f.loyd's  Universal  Register  for  1S87  are  the  basis  of 
the  following  estimate  of  the  total  number  of  ships  in  exist- 
ence at  the  close  of  1S86  : 


No.  of 
Vessels. 
8,198 


Steel 

Composite. 
Wood 


Total  Steamers. 


Steel 

Composite. 
Wood 


Total  Sailing  Vessels 


1  total 


35.1 


This  does  not  include  vessels  of  less  than   100  tons,  which 
are  not  included  in  the  register. 

The    number   of   vessels    owned   in   the   leading   mercantile 
countries  of  the  world  were  : 

Steamers.      -  Sailing  Vessels 


Total 5,792 


Unlted"^ta 


Sweden  437 

Denmark 200 

Norway  287 


6.595.871 
742.662 
654,814 
503,677 


17S.476 
153.329 
■  58.788 


3t943.=95 
286,695 
769,997 
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The  United  States  is  second  in  number  of  sailing  vessels, 
but  fourth  in  that  of  steamers.  Norway,  which  is  third  in  the 
number  of  sailing  vessels,  is  eleventh  on  the  steamer  list. 


Tnis  list  includes  sea-going  vessels,  whether  employed  in 
coasting  or  trans-ocean  trade,  but  does  not  include  river  boats 
and  vessels  employed  on  inland  waters.  It  does  not  include 
war  vessels. 

The  total  number  of  vessels  built  during  iSSd  was  584,  and 
their  total  tonnage  563  082.  Of  these,  315.  of  a  total  of  357.56f) 
tons,  were  steamers,  and  26g,  having  a  total  tonnage  of  205,. 
526,  were  sailing  vessels.  ()l  the  vessels  built  197  were  of  iron  ; 
171)  of  steel  ;  ()  composite  ;  and  202  of  wood.  The  average 
tonnage  of  the  iron  and  steel  vessels  was  nearly  three  times 
that  of  the  wjoden  ships. 

The  Naval  War  College.— The  session  of  the  Naval  War 
College  was  formally  opened  on  Coaster's  Harbor  Island  on 
September  5.  The  official  programme  for  the  present  course 
requires  that  the  session  shall  end  December  22.  There  will 
be  two  lectures  each  day,  except  Saturday  and  Sunday,  as 
follows : 

Septemher:  Naval  (iunnery,  treated  with  Special  Reference  to 
the  Influence  of  the  (iun  upon  Naval  Tactics,  by  Lieutenant 
J.  F.  Meigs,  )S  lectures. 

Naval  Tactics  and  Current  Theories  Respecting  Them,  by 
Commander  W.  B.  Hoff    8  lectures. 

Duties  of  General  Stalif,  by  Lieutenant  C.  C.  Rogers, 
4  lectures. 

International  Law,  by  Prof.  J.  R.  Soley,  S  lectures. 

October:  International  Law,  by  Professor  J.  R.  Soley,  12 
lectures. 

Tactics  of  the  Gun,  by  Lieutenant  J.  F.  Meigs,  4  lectures. 

Tactics  of  the  Torpedo,  by  Lieutenant  D.  Kennedy,  3  lec- 
tures. 

Naval  History,  by  Captain  A.  T.  Mahan,  10  lectures. 

Coast  and  Defense,  by  Lieutenant  C.  G.  Calkins,  4  lectures. 

November:  Coast  Defenses,  by  Lieutenant  C.  G.  Calkins, 
8  lectures. 

Defenses  of  the  Seacoast  of  the  I'nited  States,  by  General 
H.  L.  Abbot,  U.  S.  Engineers.  5  lectures. 

Naval  History,  by  Captain  A.  T.  Mahan,  8  lectures. 

Military  History,  Strategy  and  Tactics,  by  Lieutenant  T. 
H.  Bliss,  U.  S.  Army,  12  lectures. 

Preservation  and  Care  of  Iron  Ships  and  Injuries,  by 
Assistant  Naval  Constructor  R.  Gatewood,  4  lectures. 

Naval  War  Game,  bv  Lieutenant  McCarty  Little,  6  lectures. 

J\-ceiiiber  :  Naval  Hygiene,  by  Medical  Director  R.  C.  Dean. 
6  lectures. 

Military  History,  etc.,  by  Lieutenant  T.  H.  Bliss,  U.  S. 
Army.  12  lectures. 

Present  Condition  of  Commerce  and  Commercial  Routes 
between  Europe  and  the  Pacific,  with  an  estimate  of  the  effect 
produced  upon  them  by  a  trans-isthmian  canal,  including  a 
view  of  the  Military  and  Political  Conditions  of  the  Pacihc, 
Gulf  of  Mexico  and  Caribbean  Sea,  by  Lieutenant-Commander 
C.  H.  Stockton,  6  lectures. 

Natural  Gas  and  Oil  in  the  West.— The  sinking  of  a 
large  number  of  test  holes  for  natural  gas  and  oil  in  various 
parts  of  Illinois,  Missouri,  Kansas,  Iowa,  Texas,  Colorado, 
Arkansis  and  Nebraska  will  determine  in  the  near  future  the 
extent  and  value  of  these  deposits.  Thus  far,  the  results  in 
most  of  the  States  named  have  not  been  encouraging.  Out- 
side of  the  20  or  more  counties  south  of  the  Wabash  River 
in  Indiana,  and  west  of  Indiana,  nothing  worth  mentioning 
has  been  discovered.  And  if  the  opinions  of  experts  are 
worthy  of  consideration,  the  productive  territory  in  Indiana 
and  Ohio  has  been  quite  thoroughly  determined.  Outside  the 
territory  mentioned  the  Trenton  limestone  either  comes  too 
near  the  surface,  or  the  other  conditions  which  appear  to  be 
necessary  for  the  finding  of  large  quantities  of  gas  do  not  exist. 
A  considerable  amount  of  drilling  in  Kentucky  has  failed  of  its 
object,  with  the  possible  exception  of  the  recently  reported 
strike  25  miles  down  the  Ohio  River  from  Louisville. 

From  various  parts  of  Illinois,  particularly  the  central  por- 
tion, come  almost  daily  reports  of  the  discovery  of  natural 
gas  in  shallow  wells  ranging  from  50  to  200  ft.  in  depth. 
Whether  this  gas  comes  from  decaying  drift  or  through  fissures 
from  a  carboniferous  formation  below  the  drift  is  a  question 
not  yet  determined.  These  shallow  deposits  appear  to  be 
particularly  plentiful  in  Champaign,  Coles,  De  Witt  and  Taze- 
well Counties.  It  is  certain,  however,  that  the  deep  wells  at 
Jacksonville,  Beardstown,  Springfield  and  Shelbyville  have 
not  revealed  the  presence  of  gas  in  commercially  valuable 
quantities.  Deep  holes  are  being  put  down  at  Decatur, 
Charleston,  Mattoon,  near  Pekin,  and  at  a  number  of  other 
places,  and  the  results  of  these  tests  will  be  watched  with  a 
great  deal  of  interest.  The  deep  well  sunk  by  the  manu- 
facturers of  St.  Louis  near  Edwardsville,  Madison  County,  is 
down   1,685   ft.,  and  up  to  this  writing  is  unproductive.      It 
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may  be  said,  therefore,  that,  aside  from  the  wells  at  Litchfield, 
the  drill  has  failed  to  find  large  bodies  of  gas  or  nil  in  Illinois. 
The  results  in  Missouri  have  not  been  any  more  encourag- 
ing than  in  Illinois.  In  the  southwestern  part  of  the  State 
five  or  six  deep  wells  have  turned  out  dry  holes.  At  a  dozen 
or  more  places— notably  St.  Charles,  Mexico,  Palmyra  and 
Sedalia— test  holes  are  now  beinj;  put  down.  At  I'ort  .Smith, 
Ark.,  a  local  company  has  been  organized  to  drill  a  2,000-ft. 
well,  and  in  Texas  a  score  or  more  of  wells  are  approaching 
completion.  From  Iowa  come  reports  of  surface  gas,  but  we 
are  unable  to  learn  of  anything  very  large  or  valuable.  In 
Kastern  Kansas  there  are  several  places  where  natural  gas  is 
utilized  for  heating  and  manufacturing  purposes.  The  Colo- 
rado oil  fields  have  been  worked  in  a  mild  way  for  nearly  15 
years,  and  the  recent  discoveries  near  Fremont  are  certainly 
very  promising.  It  is  currently  reported  that  the  Standard 
Company  has  acquired  an  immense  tract  of  land  about 
Fremont  and  will  at  once  give  the  field  a  thorough  test. — Agf 
of  SU./. 

Steamboats  in  Colombia. — Consul  Edmund  W.  P.  Smith, 
writing  to  the  State  Department  from  Carthagena,  Colom- 
bia, says  :  "When  I  came  here  the  Colombians  were  buying 
river  steamers  in  the  United  States.  They  never  thought  of 
going  to  England  for  light-draft,  stern-wheel  steamers — to  a 
country  where  there  are  no  navigable  streams  suited  for  boats 
of  thai  class.  I  must  protest  that  it  is  not  the  fault  of  the  Con- 
sul that  the  Columbians  now  prefer  and  are  giving  their  orders 
for  English-built  boats  in  preference  to  those  made  in  the 
United  States. 

"Repeated  attention  was  called  in  reports  from  this  Con- 
sulate that  the  American  boats  were  not  giving  the  satisfaction 
they  should.  The  English-built  boats  consume  less  fuel,  cost 
lessand  are  lighter  builc.  Takethe  Dique  Steamboat  Company, 
that  runs  light-draft  steamers  between  this  port  and  Honda, 
the  head  of  navigation  on  the  lower  Magdalena  River.  The 
first  steamer  of  this  company  was  built  in  the  United  States. 
It  could  run  very  fast  but  consumed  an  enormous  quantity  of 
fuel  and  carried  but  a  small  cargo.  The  second  boat  was  built 
in  England  ;  it  runs  as  fast  as  the  one  built  in  the  United 
States,  consumes  half  the  quantity  of  fuel  and  cost  just  one-half 
the  money  paid  for  the  American  boat.  The  result  has  been 
that  American-built  boats  are  at  a  discount  here,  and  the  Eng- 
lish boat-builders  are  receiving  numerous  orders. 

"Within  the  past  three  years  the  Dique  Steamboat  Com- 
pany has  purchased  three  steamers  from  Yarrow  &  Co.,  of 
London.  It  is  safe  to  estimate  that  over  $250,000  have  been 
lost  to  American  steamboat-builders  within  two  years  by  their 
apparent  indifference  to  the  wants  of  the  steamboat  trade  of 
Colombia  rivers.  The  Americans  know  that  they  can  and  do 
build  river  steamers  better  than  the  English,  but  unfortunately 
the  Colombians  don't  know  it. 

"  Unquestionably,  river  steamboat  building  in  the  United 
States  is  languishing  on  account  of  railroad  competition. 
Then  why  not  turn  their  attention — the  steamboat  builders — 
to  South  American  rivers,  where  there  is  no  opposition  by 
land  ?  On  the  great  Magdalena  River  nearly  30 river  steamers 
are  now  plying.  Two  other  rivers  in  Colombia,  almost  equal 
in  commercial  importance  to  the  Magdalena,  namely,  the  At- 
rato  and  Sinu,  will  soon  have  lines  of  steamers  operating  upon 
them.  A  company,  heavily  subsidized  by  the  Colombian  Gov- 
ernment, and  partly  American,  will  shortly  place  three  steam- 
ers on  the  Atrato  and  Sinu  rivers.  This  Company,  although 
desiring  to  have  its  boats  built  in  the  United  States,  I  am  afraid 
will  give  the  contract  to  an  English  boat-builder." 

Surveys  of  India. — The  Topographical  Survey  of  India  has 
formed  a  branch  of  the  Government  machinery  almost  ever 
since  the  British  occupation  of  the  country.  Its  chief  work 
has  been  in  local  surveys  and  marking  boundaries,  as  was  re- 
quired by  the  peculiar  tenures  of  land  and  methods  of  taxation 
in  use  in  the  country.  Other  work  has  been  done,  however, 
in  special  fields,  which  has  been  of  value  in  the  advancement 
of  geography  and  of  science  in  general.  The  special  work  of 
tliis  class  done  last  year  is  summed  up  by  Indiun  Engineering 
as  follows  : 

"  Himalaya  Parly — Continued  the  operations  of  the  previous 
years  in  the  topographical  survey  of  the  Hill  States  about 
Simla,  and  of  the  demarcation  of  the  Nepal  boundary  in  Mechi 
River,  24  11  lies  of  which  was  demarcated,  but  the  erection  of 
pillars  was  left  over  to  be  taken  up  on  completion  of  the  entire 
line  of  boundary.  The  party  also  undertook  to  bring  up  the 
arrears  of  mapping  connected  with  the  Nepal  boundary  sur- 
vey, the  Sikkim  triangfulation  and  the  Darjeeling  revisionary 
and  Dahing  lands  surveys. 

"Afghanistan. — A  good  deal  of  substantial  work  was  car- 
ried on  during  the  year  under  review  under  the  head  of   Geo- 


graphical Survey  and  reconnoissances.  It  was  highly  credit- 
able to  the  officers  of  the  Afghan  Boundary  Commission  that 
the  very  large  area  of  120,000  square  miles  was  surveyed  in 
that  country.  The  entire  province  of  Herat,  including  the 
hitherto  unknown  Tainiani  and  Firozkuhi  country  was  mapped  ; 
almost  the  entire  province  of  Afghan  Turkistan.  with  a  large 
portion  of  the  Haraza  country  in  the  vicinity  of  Bannian  was 
reconnoitered  or  surveyed  ;  and  on  the  return  march  of  the 
Commission,  all  important  passes  of  the  Hindoo  Koosh  were 
surveyed. 

"  I'pper  Biirma/i. — In  this  country.  Captain  Hobday,  with 
a  small  party  of  surveyors,  made  a  reconnoissance  survey 
round  Mandalay  and  compiled  the  reconnoissance  sketches  exe- 
cuted by  officers  with  the  Burmah  field  force.  Captain  Hobday 
and  a  surveyor  joined  two  military  expeditions,  one  to  the 
Kuchin  Hills  anci  the  second  to  the  southeast  of  Mandalay. 
They  succeeded  in  extending  triangulation  southward  as  far  as 
latitude  21  and  in  surveying  an  area  of  150  miles  on  the  >^-in. 
scale." 

Maps  to  the  number  of  210,288  were  printed  and  issued, 
and  a  number  of  large  special  maps  were  made  for  the  Colo- 
nial Exhibition  in  London. 

Rapid  Transit  in  New  York.— The  latest  Rapid  Transit 
Commission  appointed  in  New  York  City  has  Completed 
its  labors  and  submitted  a  report  to  Mayor  Hewitt,  urging  the 
inability  of  the  present  elevated  roads  to  carry  the  traffic,  and 
recommending  the  building  of  a  via  uct  line  through  the 
blocks.     In  opening  their  report  the  Commissioners  say  : 

"  The  petition  to  Your  Honor  upon  which  our  appointment 
was  made  asks  for  a  steam  railroad  from  a  point  on  the  east- 
erly line  of  Broadway,  near  the  City  Hall  Park,  to  a  point  of 
junction  with  the  authorized  line  of  the  New  York  Under- 
ground Railroad  Company  south  of  Fourteenth  Street. 

"  We  are  prohibited  by  the  express  terms  of  the  law  from 
extending  such  road  in  either  direction  necessary  to  give  rapid 
transit.  In  this  we  are  confirmed  by  the  opinion  of  the  Coun- 
sel to  tne  Corporation.  We  accordingly  decline  to  accede  to 
the  request." 

After  quoting  the  law  on  the  subject  they  continue; 

"  The  growth  of  the  city  is  so  rapid  that  even  now  the  ele- 
vated roads  can  no  longer  carry  comfortably  the  number  of 
passengers.  The  remedy  seems  to  us  to  be  a  railroad  from 
Forty-second  Street  to  Wall  Street  or  South  Ferry,  to  be  ex- 
tended northward  as  travel  demands. 

' '  Such  a  road,  to  be  of  service,  should  be  as  central  and  direct 
as  possible,  and  the  trains  run  at  a  speed  of  at  least  25  miles 
per  hour. 

"  We  are  led  to  the  conclusion  that  there  is  but  one  way  to 
obtain  such  rapid  transit,  and  that  is  by  the  construction  of  a 
solid  viaduct  line  through  the  blocks,  as  far  as  possible,  and 
when  compelled  to  cross  or  follow  the  lines  of  streets  to  be 
constructed  with  much  greater  strength  and  solidity  than  the 
present  elevated  railroads.  Such  a  viaduct  road  should  be 
built  in  accordance  with  the  following  conditions; 

"  The  structure  should  be  built  through  the  blocks  of  brick 
and  stone  in  the  most  solid  manner.  The  streets  should  be 
crossed  by  massive  steel  girders  with  solid  steel  floors,  having 
no  openings.  The  track  should  consist  of  heavy  steel  rails  on 
ties  laid  in  an  elastic  material  between  floor  and  ties.  There 
would  be  no  jar  or  break  of  continuity  of  motion  in  such  a 
structure,  and  trains  could  be  run  at  high  speed  with  little 
noise. 

"  The  stations  should  be  not  less  than  one-half  mile  apart 
and  long  enough  for  10  cars.  The  cars  should  be  as  wide  as 
possible. 

"  Trains  should  be  run  by  independent  motors,  and  as  fre- 
quently as  on  the  elevated  roads,  and  at  a  speed  of  at  least  25 
miles  per  hour,  including  stops.  This  would  enable  the  trip 
to  be  made  ; 

Distance.  Time 

From  Wall  Street.  Miles.  Minut". 

ToCityHall ...     '2  I'^to    i '- 

To  Union  Square a  =i      to    6 

To  Madison  Square 2',  6      to    7 

To  Forty-second  Street if-  g      to  10 

"As  we  have  already  stated,  the  act  prohibits  laying  out 
any  routes  of  sufficient  length  to  afford  rapid  transit.  Hence, 
we  have  not  undertaken  to  make  any  estimate  of  cost  of  a  via- 
duct line,  as  the  expense  of  necessary  surveys,  etc.,  would  be 
too  great  for  individual  citizens  to  pay  out  of  their  own  pockets. 

"We  will  say,  however,  that  we  have  made  sufficient  ex- 
aminations to  convince  us  that  a  viaduct  line,  such  as  we  have 
described,  can  be  laid  out  and  built  for  a  sum  upon  which  capi- 
tal might  reasonably  be  sure  of  return,  and  one  constantly  in- 
creasing in  : 
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NEW  YORK,    NOVEMBER,     1887. 

The  relations  of  the  railroads  to  the  timber  produc- 
tion and  supply  of  the  United  States  are  the  subject  of  a 
report  issued  by  the  Department  of  Agriculture,  which 
deserves  attention.  The  question  is  not  a  new  one,  but  it 
is  necessarily  of  great  interest,  and  its  importance  must 
increase  every  year  as  the  demand  for  lumber  increases 
and  the  sources  of  supply  are  diminished.  While  the 
area  of  untouched  timber  lands  is  still  great,  it  must  be 
remembered  that  the  consumption  is  continually  growing, 
and  that  the  railroads  are  every  year  opening  up  new  dis- 
tricts to  be  stripped  by  the  lumbermen.  The  care  of 
timber  lands  and  the  growth  of  new  timber  are  questions 
which  will  probably  become  of  pressing  importance  in  this 
country  much  sooner  than  is  generally  anticipated.  For- 
estry as  ascie  ice  is  almost  unknown  here,  and  anyone  who 
desires  to  study  it  must  go  to  Europe  for  masters  and  for 
the  results  of  experience. 

The  efforts  of  the  Department  of  Agriculture  to  awaken 
interest  and  to  disseminate  information  on  this  question 
.are  deserving  of  praise,  and  it  is  to  be  hoped  that  they 
will  be  continued. 

The  report  on  the  use  of  iron  and  steel  ties  in  Europe, 
a  summary  of  which  is  given  on  another  page,  is  an 
interesting  summary  of  what  has  been  so  far  done  in  the 
substitution  of  metal  for  wood  in  railroad  tracks  in  the 
leadin.;  European  countries.  The  use  of  metal  ties  has 
made  much  more  progress  there  than  in  this  country^ 
chiefly  because  of  the  comparative  scarcity  and  higher 
price  of  lumber. 

That  ties  of  iron,  and  especially  of  steel,  will  do  good 
service  is  generally  admitted,  and  the  discussions  over 
their  use,  from  a  technical  point  of  view,  are  limited 
chiefly  to  argument  as  to  the  best  form  to  be  adopted- 
Economically,  however,  the  question  of  the  use  of  wood 
or  metal  for  this  purpose  is  an  open  one  and  must  be 
decided  specially  in  each  case.  In  several  European 
.countries— especially  in  Belgium,  Holland  and  Germany  — 


ihi!  decision  seems  to  be  in  favor  of  the  metal  tie,  which 
is  now  gradually  supplanting  wood  both  in  new  con- 
struction and  in  renewals.  In  England  and  France  the 
question  is  an  open  one  yet,  and  comparatively  little  has 
been  done,  while  in  Sweden,  Russia  and  Austro-Hungary 
— all  countries  with  extensive  forest  resources — hardly 
anything  has  been  done,  and  the  use  of  wood  is,  and  will 
probably  remain,  universal. 

The  peculiar  geographical  situation  of  Denmark  has 
forced  its  railroad  engineers  to  plan  several  distinct  sys- 
tems of  railroad,  which  could  only  be  connected  with  each 
other  by  crossing  arms  of  the  sea  whose  width  and  depth 
forbid  all  attempts  to  bridge  them.  The  communication 
of  Copenhagen  with  the  mainland  and  the  general  rail- 
road system  of  Europe  is  broken  up  very  much  as  that  of 
New  York  would  be,  for  instance,  if  all  its  business  with 
the  interior  had  to  take  the  Long  Island  Railroad  to 
Greenport  and  then  cross  Long  Island  Sound  to  Stoning- 
ton  or  New  London.  How  the  Danish  engineers  and 
their  marine  advisers  have  met  the  problem  is  told  in  an 
interesting  article  on  another  page. 

While  they  do  not  seem  to  have  come  to  America  for 
advice,  it  is  interesting  to  note  that  in  many  respects  they 
have  come  pretty  near  to  American  practice,  while  there 
may  be  some  points  in  which  the  difference  is  worth 
studying. 

The  Danish  railroad  system  is  not  very  large,  nor  is  its 
traffic  very  heavy,  but,  in  the  steam  ferries  used,  it  has 
been  provided  for  in  such  a  way  that  a  much  greater  busi- 
ness could  be  handled  with  little  or  no  increase  of  the 
permanent  plant  on  shore.  More  ferry-boats  would  really 
be  all  the  addition  needed  were  the  traffic  to  be  doubled 

The  Navv  has,  so  far,  had  the  larger  appropriations 
and  has  done  more  toward  adopting  modern  appliances 
than  the  Army.  The  Ordnance  Department  of  the  land 
service  has  not  been  idle,  however,  and  is  actively  em- 
ployed in  fitting  up  its  heavy-gun  factory  at  the  Water- 
vliet  Arsenal  with  the  best  appliances  which  its  present 
limited  means  will  permit.  At  present,  only  the  smaller 
guns  can  be  made  there,  but  it  is  to  be  hoped  that  heavier 
tools  will  be  supplied  as  needed,  and  a  plant  equal  to 
making  the  largest  guns  required  will  be  brought  together. 

The  Government  will  not,  it  is  understood,  attempt  to 
make  its  own  steel,  but  will  continue  to  call  on  the  steel- 
makers of  the  country  for  the  castings  and  forgings  which 
are  to  be  finished  in  its  own  shops. 

Further  experiments  with  the  Zalinski  dynamite  gun 
tend  to  show  that  its  range  can  be  considerably  increased 
over  that  shown  in  previous  public  trials.  Whether  the 
weight  and  initial  velocity  of  the  projectile  will  be  suffi- 
cient to  give  it  accuracy  at  longer  ranges  seems  hardly  to 
be  fully  proved  as  yet,  although,  in  the  experiments  here 
referred  to,  the  shots  fell  close  to  the  mark  at  a  longer 
range  than  had  been  before  attempted.  The  later  trials 
were  directed  entirely  to  this  point,  the  shells  being  loaded 
with  sand  instead  of  dynamite,  so  that  there  was  no  show- 
ing made  as  to  the  efifect  of  their  explosion. 

The  main  objection  now  made  by  the  opponents  of 
this  weapon  is  that  the  great  length  of  the  gun  makes  it 
awkward  and  unwieldy  to  handle,  especially  on  shipboard. 
This  does  not  seem  to  be  an  objection  of  sufficient  weight 
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to  stand  very  seriously  in  the  way  of  its  adoption  for  the 
purposes  for  which  it  will  chiefly  be  used  in  warfare.  It 
is  not  claimed  that  the  gun  will  supersede  those  now  in 
use,  or  that  it  will  do  away  with  the  use  of  gunpowder, 
either  for  propelling  shells  or  exploding  them  in  military 
or  naval  operations.  It  has,  apparently,  established  its 
place  as  a  useful  au.xiliary  to  coast  batteries  and  ships' 
guns  and  a  formidable  weapon  for  attack  or  defense. 
There  is  little  doubt  that  it  will  play  an  important  part  in 
arming  our  future  coast  fortifications. 

A  PRACTICAL  trial  of  a  night  torpedo-attacl<  was  re- 
cently given  at  Newport,  R.  I.,  where  the  new  cruiser 
Atlanta  was  made  the  point  of  attack  for  the  other  vessels 
of  the  Navy  there  assembled.  Torpedoes  were  not  brought 
into  actual  use,- of  course,  as  the  Navy  could  hardly  afford 
to  blow  up  the  latest  addition  to  its  numbers,  but  the 
methods  to  be  employed  in  carrying  out  and  resisting  an 
attempt  to  disable  or  destroy  a  hostile  vessel  were  well 
and  practically  illustrated.  In  this  case,  the  Atlanta  came 
out  the  best,  its  officers  and  crew  being  able  to  detect 
every  approach  of  the  enemy  and  to  take  the  necessary 
steps  to  meet  it  with  the  appliances  with  which  the  ship 
is  furnished.  The  only  thing  lacking  to  the  completeness 
of  the  trial  was  the  presence  of  one  or  two  completely 
equipped  torpedo-boats  of  the  modern  pattern. 

The  most  prominent  feature  in  this  sham  battle  was, 
perhaps,  the  usefulness  of  the  electric  search-lights  which 
were,  on  this  occasion,  fully  tried  for  the  first  time  in  this 
country.  These  lights,  it  would  seem,  are  fully  shown  to 
be  really  indispensable  to  the  modern  warship,  if  it  is  not 
to  be  at  the  mercy  of  apparently  insignificant  antagonists. 
Their  use  is  only  another  proof  of  what  a  complicated 
machine  such  a  ship  has  grown  to  be.  The  old  fighting 
naval  officer  is  now  a  comparatively  insignificant  person 
on  board  a  ship  which  must  be  managed  largely  by  en- 
gineers, and  on  which  an  expert  electrician  is  almost  as 
important  as  a  skilful  gunner  or  an  experienced  navigator. 

The  change  of  control  of  the  Baltimore  &  Ohio  Rail- 
road, which  has  been  effected  in  the  past  month,  is  really 
one  of  the  most  notable  railroad  events  of  the  year.  The 
Baltimore  ownership,  represented  and  dominated  by  the 
late  John  W.  Garrett,  and  by  his  son  and  successor  in 
lesser  measure,  has  so  long  controlled  the  company  that 
the  possibility  of  a  change  has  hardly  been  considered, 
and  when  it  was  announced  early  in  the  year  that  nego- 
tiations were  in  progress  for  the  sale  of  a  majority  of  the 
stock,  the  statement  was  received  with  incredulity,  espec- 
ially when  the  parties  to  whom  it  was  to  be  made  were 
mentioned. 

The  first  negotiations  fell  through,  as  had  been  gener- 
ally anticipated,  but  at  the  right  moment  the  transaction 
was  taken  up  and  completed  by  a  syndicate  of  bankers, 
whose  composition  leads  to  a  general  belief  that  the 
line  will  be  practically  managed  in  the  interest  of  the 
Pennsylvania  Railroad.  This  belief  is  certainly  well 
founded,  at  least  to  the  extent  that  the  Baltimore  &  Ohio, 
while  nominally  remaining  an  independent  line,  will  never 
again  be  found  in  active  conflict  with  the  Pennsylvania. 
How  much  this  means  those  who  are  familiar  with  rail- 
road history  for  the  past  20  years  will  appreciate. 

While  it  is  not  intended  to  say  anything  here  of  the 
general  policy  and  methods  of  the  elder  Garrett,  it  may 


be  said  that,  in  an  engineering  sense,  there  may,  and  very 
likely  will,  be  a  distinct  gain  to  the  road  in  a  change  of 
management.  The  Baltimore  &  Ohio  was  originally  the 
work  of  some  of  the  greatest  engineers  which  this  country 
has  produced,  but  in  later  years  it  has  been  distinguished 
by  an  obstinate  conservatism,  which  continually  opposed 
all  new  methods  and  was  not  willing  to  concede  that  any 
change  could  be  for  the  better.  This  was  supplemented 
by  a  system  which  left  no  room  for  individuality  in  sub- 
ordinate officers,  and  made  every  department  of  the  road 
absolutely  subject  to  the  will  of  the  chief  executive  in  the 
smallest  details. 

Under  such  a  system  men  of  ability  do  not  often  take 
positions  and  do  not  hold  them  long.  While  tlte  old  man- 
agement of  the  company  has  done  some  excellent  things, 
it  failed  entirely  in  others,  and  the  road  has  not  been  well 
managed  from  an  engineering  point  of  view  for  many 
years  past.  It  is  to  be  hoped  that  new  men  will  mean 
new  methods  in  this  case,  and  a  general  improvement. 

One  result  of  the  change  of  control  of  the  Baltimore 
&  Ohio  Railroad  has  been  the  transfer  of  the  telegraph  sys- 
tem built  up  at  great  expense  by  its  managers  to  the 
Western  Union  Company.  This  removes  the  only  con- 
siderable opposition  which  the  Western  Union  has  had, 
and  leaves  that  company  practically  alone  in  the  field. 

This  is  to  be  regretted  for  many  reasons,  and  will  proba- 
bly give  a  great  impulse  to  the  movement  for  a  Gov- 
ernment telegraph  system  as  the  only  practicable,  if  not 
the  best,  means  of  escape  from  the  present  monopoly. 

It  is  true  that  a  single  company  can  work  the  telegraph 
lines  of  the  country  more  economically  than  several  com- 
panies more  or  less  in  competition,  and  its  advocates 
therefore  claim  that  it  can  afford  to  do  the  business  much 
better  with  more  satisfaction  to  the  public. 

It  is  also  true,  however,  that  the  public  is  not  at  all 
satisfied  to  see  so  indispensable  an  agency  as  the  telegraph 
entirely  in  the  hands  of  one  corporation — especially  when 
that  comporation  is  controlled  by  a  man  who  is  generally 
and  profoundly  distrusted. 


The  accident  at  Kouts  station  on  the  Chicago  &  At- 
lantic road  on  October  11,  was,  apparently,  due  to  the 
absence  or  failure  of  signals  to  warn  any  train  which 
might  be  approaching  from  the  rear  a  passenger  train 
which  had  been  stopped  in  an  unusual  place  by  a  slight 
breakage  of  the  engine.  It  is  stated  that  there  was  a  dis- 
tant signal  some  1,500  ft.  away  from  the  water-tank  where 
the  collision  took  place,  and  that,  a  brakeman  on  the  dis- 
abled train  pulled  the  lever  by  which  this  signal  was 
operated.  Whether  the  connection  was  broken  or  the 
semaphore  out  of  order,  or  whether  the  engineer  of  the 
second  train  failed  to  see  the  signal,  does  not  clearly  ap- 
pear from  the  published  accounts  of  the  collision ;  no 
other  attempt  was  made  to  give  warning,  and  the  collision 
occurred  in  a  very  short  time  after  the  first  train  stopped. 

The  consequences,  apparently,  would  not  have  been 
very  serious,  had  not  the  wreck  caught  fire  from  the  car 
stoves.  In  it  nine  persons  were  killed,  all  of  whom  would 
probably  have  been  saved,  had  it  not  been  for  the  fire. 
The  wreck  would  have  resulted  only  in  slight  injuries 
to  nine  or  ten  persons  had  it  not  been  for  the  stoves, 
and  would  have  passed  almost  without  general  notice. 

In  this  case,  therefore,  the  loss  of  life  was  due  directly 
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to  the  stoves  in  the  wrecked  cars.  The  breaking  up  of 
the  cars,  however,  which  upset  the  stoves  and  liberated 
the  fires  which  they  held,  was  due  to  their  imperfect  con- 
struction, and  might  have  been  prevented  by  methods  of 
building,  to  which  reference  has  heretofore  been  made  in 
our  columns.  In  fact,  the  sleeping-car,  which  was  at  the 
rear  end  of  the  train  and  so  received  the  full  force  of  the 
collision,  was  but  little  damaged  by  the  shock.  It  was 
driven  forward  by  the  engine  which  struck  it,  and  crushed 
the  lighter  cars  in  front. 

The  accident,  therefore,  is  only  one  more  added  to  the 
many  which  have  preceded  it,  which  are  to  be  taken  as 
arguments  in  favor  of  a  method  of  building  cars  which 
will  prevent  telescoping — the  greatest  danger  in  an  acci- 
dent of  this  kind  with  the  usual  pattern  of  passenger  car. 

The  accident  on  the  Chicago  &  Atlantic,  with  the 
fatal  results  following  the  burning  of  the  wreck,  comes 
early  in  the  season  and  has  given  a  fresh  impetus  to  the 
discussion  of  the  car- heating  question.  The  immediate 
result  is  an  increased  popular  demand  for  the  abolition  of 
all  stoves  in  the  cars,  which  necessarily  involves  the  intro- 
duction of  continuous  heating,  either  by  steam  direct  from 
the  locomotive  or  from  a  special  car  provided  for  the 
heating  apparatus.  The  inventors  of  heating  apparatus 
of  this  kind  are,  of  course,  takmg  advantage  of  their  op- 
portunity, and  are  presenting  the  claims  of  their  respective 
devices  energetically  and  with  considerable  success. 

The  present  winter  will  see  many  advances  made  in  this 
direction,  and  quite  a  number  of  the  different  methods  of 
continuous  heating  will  receive  extended  trials  on  different 
roads  in  active  service.  The  success  of  these  trials  will 
largely  determine  to  what  extent  the  use  of  steam  from 
the  locomotive  for  heating  will  be  introduced.  A  severe 
winter  will  bring  out  the  weak  as  well  as  the  strong  points 
of  the  different  systems,  and  will  give  a  fair  opportunity 
to  remedy  delects. 

It  is  not  at  all  probable  that  any  one  of  the  continuous 
steam-heating  systems  now  on  trial  will  be  generally  in- 
troduced to  the  exclusion  of  others.  All  of  them  have 
merits,  and  there  are  probably  several  which  will  come 
into  extensive  use.  In  this  connection  the  action  which 
the  Western  Railroad  Club  has  taken  in  starting  a  move- 
ment to  secure,  if  possible,  uniformity  in  couplings  for 
steam  pipes  on  cars  is  worthy  of  commendation.  Cer- 
tainly such  uniformity  is  desirable,  and  it  will  be  easier  to 
secure  now  than  later. 

The  New  England  Roadmasters'  Association  had  a  brisk 
and  well-attended  meeting  at  Hartford  last  month. 
There  are,  indeed,  many  things  to  be  said  in  favor  of 
distinct  associations  of  this  kind,  where  the  mem- 
bers can  all  understand  and  appreciate  local  needs,  and 
where  they  can  be  gathered  together  with  comparatively 
small  expenditure  of  time  on  travel. 

On  the  other  side,  however,  is  the  fact  that  district  as- 
sociations are  apt  to  become  too  local  and  provincial  and 
to  lack  breadth  of  view  and  something  of  that  knowledge 
which,  in  larger  associations,  is  the  result  of  the  friction  of 
opposing  ideas. 

Perhaps  a  combination  of  the  two  -district  and  national 
— would  be  the  best  plan  for  the  Roadmasters,  as  well  as 
for  some  other  associations. 

The  fastest  tracklaying  on  record,  it  is  claimed,  has 
been  done  this  past  summer  on  the  Montana  extension  of 


the  St.  Paul,  Minneapolis  &  Manitoba  Railroad.  The 
total  length  of  this  extension  is  550  miles,  and  the  track 
was  all  laid  between  April  2  and  October  16 ;  a  total  of 
196  days,  which  gives  an  average,  allowing  for  bad 
weather,  of  fully  three  miles  a  day.  The  heaviest  day's 
work  actually  done  was  8^  miles ;  the  heaviest  week 
showed  an  advance  of  32 >^  miles,  and  the  heaviest  month 
—August— 115  miles. 

The  only  time  when  this  record  has  been  approached 
was  on  the  Canadian  Pacific,  on  some  of  the  Western 
sections. 


A  LONG  and  elaborate  paper  on  aluminum  bronze  as  a 
substitute  for  steel  in  the  manufacture  of  heavy  guns  was 
read  by  Mr.  Alfred  H.  Cowles  at  the  October  meeting  of 
the  Naval  Institute.  Mr.  Cowles  is  an  expert  in  the  use 
of  aluminum  and  can  doubtless  present  its  claims  in  the 
best  possible  light.  His  paper,  however,  is  presented  to 
an  audience  skilled  in  the  manufacture  and  use  of  heavy 
guns  and  will  meet  with  severe  criticism.  The  advocates 
of  steel  will  not  yield  their  ground  to  a  comparatively  un- 
tried metal  without  a  struggle. 

This  is  a  case,  however,  in  which  argument  can  finally 
settle  nothing,  and  actual  trial  will  be  necessary  to  decide. 


AUTOMATIC   CAR-COUPLERS. 

THE  announcement  has  been  made  of  the  results  of 
the  letter-ballot  of  the  Master  Car-Builders'  Asso- 
ciation on  the  adoption,  or  rather  recommendation,  of  the 
Janney — or,  as  it  has  since  been  named,  the  Master  Car- 
Builders'  type  of  car-coupler.  It  may  be  well  to  explain 
that  it  is  provided  in  the  constitution  of  the  Association 
named,  that  any  proposition  recommending  the  adoption 
of  standards  of  construction  must  be  submitted  for  dis- 
cussion at  one  of  the  meetings,  after  which  a  vote  is  taken 
to  decide  whether  the  proposition  shall  be  submitted  for 
decision  by  letter-ballot  to  all  the  members.  If  decided 
in  the  affirmative,  the  Secretary  is  required  to  mail  to 
each  member  a  blank  ballot  and  a  copy  of  the  proposed 
recommendation.  The  ballots  must  then  be  filled  up,  and 
signed  by  the  members,  and  remailed  to  the  Secretary, 
who  is  authorized  to  count  the  ballots,  within  60  days  from 
the  date  they  were  sent  to  members.  On  matters  sub- 
mitted in  this  way,  active  members  of  the  Association 
each  have  one  vote,  and  representative  members — that  is, 
members  appointed  by  a  President,  General  Manager  or 
General  Superintendent  of  a  railroad  to  represent  it  in 
the  Association — each  have  one  vote,  and  in  addition 
thereto,  one  more  vote  for  each  full  one-thousand  cars 

1   which  are  owned  by  the  company  he  represents. 

j  It  may  be  well  to  explain  still  further,  that,  after  dis- 
cussing the  question  of  automatic  couplers  for  a  number 
of  years,  the  Association  referred  the  subject  to  its  Execu- 
tive Committee.  At  the  last  annual  convention  held  in 
Minneapolis  that  Committee  made  a  report  with  the  fol- 
lowing recommendation  : 

Your  Committee  feels  that  the  status  of  the  problem  at  the 
present  time,  as  here  stated,  warrants  them  in  making  the 
recommendation  that  this  Association  recommend,  as  a  stand- 
ard form  of  coupling,  the  Janney  type  of  coupler;  that  the 
Association  procure  one  of  the  present  make  of  Janney  coupler, 
selection  being  made  by  a  committee  appointed  for  that  pur- 
pose, and  then  all  other  forms  of  couplers  that  will  aulomati- 
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-cally  couple  to  and  wich  this  coupler,  under  all  conditions  of 
service,  are  to  be  considered  as  within  the  Janney  type  and 
conforming  to  the  standard  of  this  As 


After  the  report  of  the  Committee  was  read  and  dis- 
cussed a  resolution  "  that  the  recommendation  of  the 
Executive  Committee  be  adopted  and  acted  upon  "  was 
passed.  In  accordance  with  this  action  the  Secretary 
sent  out  a  circular  in  which  it  was  said  that  "at  the  last 
convention  of  the  Master  Car-Builders'  Association  it 
was  agreed  to  submit  the  following  recommendation  for 
decision  by  letter-ballot. 

"  That  the  Janney  type  of  coupler  be  recommended  as 
a  standard  of  coupling." 

A  postal  card  to  be  used  as  a  ballot,  was  inclosed  with 
the  circular — which  contained  the  question — "are  you  in 
favor  of  the  adoption  of  the  Janney  type  of  coupler  as  the 
standard  of  the  Association .'  " — and  members  were  re- 
quested to  write  "  yes  "  or  "  no  "  after  the  question. 

In  response  thereto  109  members  out  of  a  total  of  242 
cast  their  ballots.  Of  these  8  were  rejected  because  the 
members  had  not  paid  their  dues,  as  required  by  the 
constitution,  and  one  was  received  too  late  to  be  counted. 
In  all  there  were  668  valid  votes  cast,  474  in  favor  of  re- 
commending the  Janney  type  of  coupler  as  a  standard 
and  194  opposed  to  such  recommendation.  Two-thirds 
of  all  the  votes  cast  are  required  for  the  adoption  of  such 
a  measure.  It  was  therefore  declared  adopted  at  a  meet- 
ing of  the  Executive  Committee  held  on  October  13. 

In  order  to  carry  out  the  recommendations  of  the  Ex- 
ecutive Committee,  made  in  their  report  on  couplers,  a 
sub-committee  was  appointed  at  the  meeting  referred  to 
"  to  critically  examine  the  different  forms  of  couplers 
coming  within  the  Master  Car-Builders'  Type,  and  report 
the  result  of  their  examination  to  the  Executive  Com- 
mittee." 

This  brief  statement  of  the  action  of  the  Master  Car- 
Builders'  Association  is  given,  because  it  does  not  seem 
to  be  very  distinctly  understood  just  what  the  action  has 
been.  It  may  be  added  that  the  Executive  Committee  de- 
cided that  what  has  been  known  as  the  "  Janney  "  type  of 
coupler  shall  hereafter  be  called  the  "  Master  Car-Build- 
ers' "  type.  Those  who  do  not  know  anythmg  about  the 
kind  of  coupler  referred  to  can  form  an  idea  of  what  it  is 
if  they  will  hold  the  right  hand  with  its  palm  vertical  and 
bend  the  fingers  to  approximate  to  a  half-circle,  or,  per- 
haps more  accurately,  a  half-hexagon,  and  extend  the 
thumb.  Then  reverse  the  other  hand,  so  that  the  two 
palms  will  face  each  other,  and  bend  the  fingers  so  that 
the  fingers  of  the  two  hands  hook  into  or  engage  with 
each  other.  The  part  of  the  coupler  which  is  represented 
by  the  fingers  of  each  hand  is  described  in  Janney 's  pat- 
ent as  a  "  rotary  crank,"  or,  more  accurately,  a  rectangu- 
lar lever  pivoted  at  its  angle.  By  turning  on  their  pivots, 
two  couplers  are  made  to  engage  and  disengage  with  and 
from  each  other.  An  automatic  "  catch-lever,"  or  spring- 
latch  is  added  to  lock  the  arm  of  the  rotary  hook  when 
two  draw-heads  are  coupled  together.  A  "guard-arm  " 
—represented  by  the  thumb  in  the  illustration  with  the 
hands — is  provided,  to  prevent  the  hooks  from  separating 
laterally  from  each  other  and  thus  becoming  disengaged 
when  the  cars  are  coupled  together. 

In  his  patent  Mr.  Janney  says  :  "  The  essential  features 
of  my  invention  are  the  rotary  hook,  guard-arm,  which 
serves  also  as  a  guiding-arm,  and  the  catch-lever  for  hold- 
ing the  arm  of  the  hook." 


To  get  a  correct  idea  of  the  present  status  of  this  sub- 
ject, it  should  be  known  that  the  constitution  of  the  Mas- 
ter Car-Builders's  Association  provides  that  "  the  action 
of  the  Association  shall  have  only  a  recommendatory 
character,  and  shall  not  be  binding  upon  any  of  its  members 
or  the  companies  represented  in  it."  The  action  of  the 
Association,  therefore,  has  been  simply  to  recommend 
railroad  companies  to  adopt  the  Master  Car-Builders' 
type  of  coupler  as  a  standard. 

Undoubtedly  this  will  have  a  great  influence  on  the 
action  of  the  State  Legislatures,  railroad  commissioners, 
and  the  railroad  companies  of  the  country.  It  is  doubt- 
ful whether  any  considerable  movement  would  have  been 
made  by  railroad  companies,  looking  to  the  adoption  of 
automatic  couplers,  had  it  not  been  for  the  pressure 
brought  to  bear  upon  them  by  the  Legislatures  of  ditTerent 
States.  In  most  cases  a  certain  measure  of  discretion  has 
been  left  to  the  railroad  commissioners  in  determining 
which  couplers  may  and  which  may  not  be  used.  Inas- 
much as  a  very  small  proportion  of  the  persons  who  are 
railroad  commissioners  have  any  considerable  knowledge 
of  the  mechanics  of  railroads,  probably  very  few  of  them 
would  feel  disposed  to  assume  a  position  contradictory  of 
or  opposed  to  the  conclusion  which  has  been  reached  by 
the  Master  Car-Builders'  Association.  The  need  of  pro- 
tection against  legal  penalties,  in  case  of  injury  to  em- 
ployes, will  make  most,  if  not  all  railroad  companies  very 
loth  to  adopt  any  type  of  coupler  which  the  Association 
has  tacitly  condemned  by  not  recommending  it.  For 
these  reasons  it  seems  probable  that  not  many  more  auto- 
matic couplers  which  are  not  of  the  type  which  has  been 
recommended  will  be  put  into  service. 

The  Association  has  undoubtedly  acted  wisely  in  rec- 
ommending a  "  type  '  of  coupler  and  not  any  one  special 
form.  Through  the  sub-committee  which  has  been  ap- 
pointed it  will  undoubtedly  select  some  one  form  of 
coupler,  with  which  all  that  belong  to  the  type  recom- 
mended must  couple.  This  will  lead  to  a  process  of  the 
survival  of  the  fittest.  Yet  the  importance  of  adopting 
some  definite  forms  and  proportions  for  a  standard  coup- 
ler is  very  apparent.  The  more  or  less  conflicting  and 
rival  inventions  and  patents  are  now  obstacles  to  this  ac- 
tion, but  probably  some  eliminating  or  consolidating  pro- 
cess will  soon  remove  the  difficulties  which  now  stand  in 
the  way  of  adopting  such  a  standard  as  the  interchange 
of  traffic  will  demand.  No  matter  what  special  form  of 
coupler  is  adopted,  it  is  of  the  utmost  importance  that  it 
should  be  well  designed  and  constructed.  It  is  very  re- 
markable how  little  importance  is  ordinarily  assigned  by 
railroad  officers,  who  are  are  not  mechanics  and  engineers, 
to  the  design  of  the  mechanism  to  be  used  on  railroads. 
It  is,  of  course,  true  that  what  in  patents  is  called  the 
principle  of  an  invention  is  of  fundamental  importance; 
but  an  invention  with  a  good  principle  is  often  a  failure 
and  useless  because  the  practical  dcta.ls  and  construction 
have  not  been  properly  worked  out.  The  difference  in 
mechanism  when  well  designed  is  exactly  analagous  and 
comparable  to  the  difference  between  a  picture  painted  by 
a  good  artist  and  the  work  of  a  "  duffer.  "  You  may  give 
each  the  same  subject,  or  ■  scheme,"  or  ■  principle,"  and 
the  same  canvas  and  colors,  and  the  artist  will  make  a 
picture  which  will  be  a  thing  of  beauty  and  command  a 
high  price,  whereas  if  the  paints  are  manipulated  by  an  in- 
competent painter,  his  work  will  be  worth  little  or  nothing. 
Now,  there   is  an   analogous,  if  not  the  same,  difference 
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between  the  work  of  a  (;;ood  designer  of  meclianism,  and 
that  of  a  person  who  has  not  the  kind  of  ability  which 
comes  from  natural  aptitude,  experience  and  skill  in  doing 
such  work.  The  Master  Car- Builders  have  recom- 
mended a  principle;  the  important  work  of  reducing  that 
principle  to  practice  slill  remains  to  be  done. 

THE  ELEVATED  RAILROADS  IN   NEW  YORK. 

GREAT  complaint  is  made  of  the  insuliicient  accom- 
modation now  provided  for  passengers  on  the  New 
York  elevated  railroads.  The  cars  are  most  insufferably 
and  outrageously  overcrowded.  Passengers  complain,  the 
newspapers  scold,  and  the  railroad  company  complacently 
collects  the  public's  nickels,  knowing  that  the  more  un- 
comfortable the  people  are  the  greater  will  be  the  div- 
idends on  their  watered  stock.  The  "  public-be-damned  " 
policy  is  the  one  which  apparently  has  been  adopted,  and 
•'  let  the  people  stand  "  is  Mr.  Sage's  dictum  from  which 
he  may  think  there  is  no  appeal.  It  has  been  repeated  so 
often  that  the  company  is  running  all  the  trains  it  can, 
that  generally  the  statement  is  not  questioned.  The  fact, 
though,  that  there  are  a  great  many  more  trains  on  Third 
Avenue  than  there  are  on  Sixth,  shows  that  on  the  latter 
line  at  least  it  is  possible  to  increase  the  train  service.  At 
any  rate,  it  is  important  to  know  in  some  conclusive  way 
whether  the  company  can  or  can  not  afford  better  accom- 
modation. If  it  can,  it  should  be  compelled  to  do  so — if  it 
cannot,  it  is  a  good  reason  for  granting  authority  for  the 
construction  of  other  roads. 

Under  the  laws  of  the  State  of  New  York  it  is  made  the 
duty  of  the  Board  of  Railroad  Commissioners  to  investi- 
gatt  just  such  cases  and  suggest  remedies.  The  law 
creating  the  Board  provides  that  the  Commissioners  "  shall 
have  the  general  supervision  of  all  railroads  and  railways, 
and  shall  examine  the  same  and  keep  themselves  informed 
as  to  their  condition  and  the  manner  in  which  they  are 
operated,  with  reference  to  the  security  aiiii  accommodation 
of  the  public. 

The  law  provides  further  that  : 

Whenever,  in  the  judgment  of  the  said  Board  of  Railroad 
Commissioners,  after  a  careful  personal  examination  of  the 
same,  it  shall  appear  *  *  *  *  that  any  addition  to  tfie  rolling 
stock  *  *  *  *  or  that  any  change  in  the  mode  of  operating 
the  road  and  conducting  its  business  is  reasonable  and  expe- 
dient in  order  to  provide  for  the  security,  convenience  and  accom- 
modation of  the  public,  the  said  Board  shall  give  notice  and  in- 
formation, in  writing,  to  the  corporation,  of  the  improvements 
and  changes  which  they  deem  to  be  proper,  and  shall  give  such 
corporation  an  opportunity  for  a  full  hearing  thereon  ;  and  if 
the  corporation  neglects  to  make  such  repairs,  improvements 
and  changes,  within  a  reasonable  time  after  such  information 
and  hearing,  and  shall  not  satisfy  said  Board  that  no  action  is 
required  to  be  taken  by  it,  the  said  Board  shall  present  the 
facts  in  the  case  to  the  Attorney  General  tor  his  consideration 
and  action  ;  and  shall  also  report  the  same  facts  in  a  special 
report  or  in  the  annual  report  of  said  Board  to  the  Legislature. 

The  present  condition  of  things  on  the  Elevated  Rail- 
roads is  certainly  such  as  the  law  contemplates  should 
be  investigated  by  the  Commissioners.  If  after  investiga- 
tion they  find  that  the  Company  could,  but  does  not,  fur- 
nish the  accommodations  needed  by  the  public,  a 
report  to  that  effect  would  undoubtedly  have  some 
weight  with  the  Company,  and  influence  on  the  Legislature 
during  its  coming  session.  If  they  find  that  the  Company 
cannot  supply  additional  facilities  it  would  be  proper  for 
the  Commissioners  to  recommend  such  legislation  as  may 
be  required  for  the  construction  of  additional  lines  of  road. 


as  was  recently  suggested  by  a  Board  of  Rapid  Transit 
Commissioners. 

It  is,  happily,  the  privilege  of  any  citizens  to  petition  the 
Board  of  Railroad  Commissioners  to  make  the  suggested 
investigation,  and  it  is  undoubtedly  their  duty  to  do  it 
after,  if  not  before,  their  attention  is  called  lo  the  evil. 
Anyone  disposed  to  call  the  attention  of  the  Commissioners 
to  the  outrageous  and  insufferable  lack  of  proper  accom- 
modation on  the  elevated  railroads  can  do  so  by  cutting 
out  or  copying  the  following  petition,  pasting  it  on  a  sheet 
of  paper,  signing  it  and  addressing  it  to  the  Board  of 
Railroad  Commissioners,  Albany,  New  York.  By  induc- 
ing others  to  sign,  its  weight  will,  of  course,  be  increased: 

New  York 1887. 

To  tlie  Hoard  of  Railroad  Commissioners  of  the  State  of 
New  York: 
The  inadequate  accommodation  for  the  transportation 
of  passengers  on  the  Elevated  Railroads  in  this  city  is 
now  notorious.  As  the  laws  of  the  State  of  New  York 
make  it  the  duty  of  your  Board  to  investigate  such  cases, 
and  suggest  improvements  and  changes  required  for  the 
reasonable  accommodation  of  the  public,  you  are  hereby 
requested  to  examine  into  the  manner  of  conducting  the 
traffic  on  the  roads  referred  to,  and  take  such  farther 
action  as  you  may  deem  proper  to  remedy  the  evil  com- 
plained of.  Respectfully  (Signatures). 

This  would  be  a  direct  and  practical  method,  and  if  such 
petitions  were  presented,  the  Railroad  Commissioners 
would  undoubtedly  lake  action  on  them. 
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tent misleading,  as  indicating  a  more  contracted  field  than 
that  really  occupied  The  E>ig-ineeri>ig  and  Building 
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Nystrom's  Pocket-Book  of  Mechanics  and  Engi- 
neering: Revised  and  Corrected  by  Professor 
William  Dennis  Marks,  Ph.  B.,  C.  E.  Philadelphia; 
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original  matter.  The  chief  additions  in  this  edition  are  an 
elementary  article  on  dynamic  electricityand  one  on  the 
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The  Relative  Proportions  of  the  Steam  Engine: 
BY  Professor  William  Dennis  Marks,  Ph.  B.,  C.  E. 
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Philadelphia;  .1.  B.  Lippincott  Company  f Price,  $300). 
This  is  the  third  edition  of  Professor  Marks'  well-known 
book,  and  is  revised  and  enlarged,  the  new  matter  to  the 
present  edition  being  a  chapter  on  limitations  of  the  ex- 
pansion of  steam,  and  some  new  tables.  For  the  use  of 
students  the  book  is  interleaved  with  blank  pages  on 
which  notes,  additions,  etc..  can  be  written. 

Elemdntary  Treatise  on  Analytical  Mechanics: 
BY  Professor  William  G.  Peck,  Ph.  D.,  LL.  D.  New 
York  and  Chicago;  A.  S.  Barnes  &  Company  (Price, 
$1.65).  This  is  an  addition  to  Professor  Peck's  series  of 
mathematical  works.  It  was  originally  written  with  a 
special  view  to  use  as  a  text  book  in  the  Columbia  Col- 
lege School  of  Mines,  but  it  will  be  found  a  valuable  book 
to  many  who  have  passed  the  school  of  science  but  need 
a  book  of  reference. 

A  Manual  of  the  Principles  and  Practice  of 
Road-Making  :  by  W.  M.  Gillespie,  LL.  D.,  C.  E.; 
Edited  by  Cady  Sialey,  C.  E.  New  York  and  Chi- 
cago; A.  S.  Barnes  &  Company  (Price,  $2.50).  This  is 
the  tenth  edition  of  Gillespie's  standard  work. 

Elements  of  Surveying  and  Leveling  :  by  Charles 
Davies,  LL.  D.;  revised  by  Professor  J.  H.  Van  Am- 
kinge.  Ph.  D.  New  York  and  Chicago:  A.  S.  Barnes  & 
Company  (Price,  $2.ooJ.  Davies'  Surveying  is  too  well- 
known  as  a  standard  elementary  work  to  require  extended 
mention. 

The  Hotchkiss  Revolving  Cannon:  n\  Lieuten- 
ant Edward  W.  Very,  U.  S.  N.  Paris,  France:  printed 
for  private  circulation. 

The  Hotchkiss  System  of  Rapid-Firing  Guns  : 
Descriptions  and  Illustrations.  London  and  Paris ; 
printed  for  private  circulation  by  the  Hotchkiss  Ordnance 
Company,  Limited. 

Handbook  of  the  Hotchkiss  Two-Pounder  Moun- 
tain Gun.  Paris,  France :  issued  by  the  Hotchkiss  Ord- 
nance Company,  Limited. 

Occasional  Papers,  Institution  of  Civil  Engi- 
neers. London,  England :  issued  by  the  Institution. 
The  present  issue  includes  several  papers  of  value.  The 
titles  are:  Leaks  in  Water  Mains,  by  Messrs.  Bryan,  Fra- 
ser,  Restler  and  Francis;  River  Tees  Improvements,  by 
John  Fowler;  Flour  Mills  and  their  Machinery,  by  Alfred 
Chatterton  ;  South  African  Rivers,  by  W.  B.  Tripp;  Sink- 
ing Pits  at  Gneisenau,  by  H.  Tomson  ;  Ceylon  Govern- 
ment Railways,  by  F.  J.  Waring ;  Removal  of  Sand  at  the 
Liverpool  Landing  Stage,  by  W.  H.  le  Mesurier;  Experi- 
ments on  the  Strength  of  Iron  and  Steel,  by  John  Piatt 
and  Robert  F.  Hayward  ;  Use  of  Cast-Steel  in  Locomotive 
Engines,  by  Alfred  J.  Hill;  Lumber  Industry  of  Ontario, 
by  M.  J.  Butler;  Abstracts  of  Papers  from  Foreign  Trans- 
actions and  Periodicals. 

Report  on  the  Relation  of  Railroads  to  Forest 
Supplies  and  Forestry  :  Compiled  by  B.  E.  Fernow, 
Chief  of  the  Forestry  Division,  Department  of 
Agriculture.  .  Washington ;  Government  Printing 
Office. 

The  Sutro  Tunnel  Company  and  the  Su  iro  Tun- 
nel: by  Theodore  Sutro.    New  York;  published  by 


Proceedings  of  the  Twentieth  Annual  Convf.n- 
TiON  OF  the  American  Institute  of  Architects, 
held  in  New  York,  December  1-2,  1886:  A.  J.  Bloor, 
Editor.     New  York;  issued  by  the  Institute. 

Discharge  of  Water  over  Weirs:  by  Charles 
Slagg.  London,  England ;  issued  by  the  Institution  of 
Civil  Engineers. 

The  Yanegase-Yama  Tunnel:  by  Kinske  Hase- 
gawa.  London,  England ;  issued  by  the  Institution  of 
Civil  Engineers. 

Notes  on  Railroad  Construction  in  the  River 
Plate,  Argentine  Republic:  by  Thomas  Holmes 
Perry.  London,  England  ;  issued  by  the  Institution  of 
Civil  Engineers. 

OBITUARY. 

Ex-Governor  Alexander  H.  Holley,  who  died  at 
his  residence  in  Lakeville,  Conn.,  October  2,  aged  83  years, 
was  for  many  years  largely  interested  in  iron-making  in 
Western  Connecticut  and  Massachusetts.  His  father, 
John  Milton  Holley,  was  of  the  firm  of  Holley  &  Coffing, 
who,  at  Salisbury,  cast  the  first  iron  cannon  made  in  this 
country.  Mr.  Holley  accumulated  a  large  fortune  and 
was  elected  Lieutenant-Governor  of  Connecticut  in  1854 
and  Governor  in  1857.  He  was  largely  interested  in  the 
building  of  the  Housatonic  and  the  Connecticut  Western 
roads.  He  was  the  father  of  Alexander  L.  Holley,  the 
distinguished  engineer  who  died  several  years  ago. 

J.  W.  Sherwin,  who  died  in  Erie,  Pa.,  September  24, 
was  a  civil  engineer  well-known  in  the  West.  He  was  50 
years  old  ;  when  still  a  young  man,  he  made  the  prelimi- 
nary survey  for  the  old  North  Missouri  Railroad.  Sub- 
sequently he  surveyed  the  Belleville  Branch  of  the  St. 
Louis,  Alton  &  Terre  Haute,  and  made  the  first  borings 
and  explorations  for  a  bridge  over  the  Mississippi  at  St. 
Louis.  He  was  for  some  time  Assistant  Superintendent 
of  the  Chicago  &  Alton.  He  afterwards  went  to  Iowa 
and  was  prominent  among  the  settlers  of  the  western 
part  of  that  State. 

Frederic  W.  Vaughan,  President  of  the  Louisville 
Bridge  and  Iron  Company,  died  recently  at  Louisville, 
Ky.  Mr.  Vaughan  was  born  at  Warren,  Me.,  June  6.  1844, 
graduated  at  the  Rensselaer  Polytechnic  Institute  in  the 
Class  of  1863.  and  was  elected  a  member  of  the  .American 
Society  of  Civil  Engineers  in  1869.  He  went  to  Nashville 
during  the  war  as  Assistant  Engineer  on  Government 
railways  and  has  since  been  prominently  identified  with 
much  of  the  bridge  construction  of  the  South  He  served 
as  Principal  .Assistant  to  Mr.  .Albert  Fink  on  the  first 
bridge  across  the  Ohio  at  Louisville,  and  has  been  closely 
connected  with  the  Louisville  Bridge  &  Iron  Company 
ever  since.  In  addition  to  the  presidency  of  this  company 
he  held  at  the  time  of  his  death  the  positions  of  Chief 
Engineer  of  the  Henderson  Bridge  Company  and  Con- 
sulting Engineer  of  the  Louisville  &  Nashville   Railroad. 

Hon.  L.  a.  Senegal,  who  died  in  Montreal,  October 
1 1,  was  for  many  years  one  of  the  mo.st  prominent  railroad 
men  in  Canada.  As  a  financier  and  politician  he  rose  to 
the  highest  rank.  He  had  been  the  President  of  the 
Richelieu  &  Ontario  Navigation  Company  for  years,  and 
had  made  of  that  line  one  of  the  most  extensive  fresh- 
water routes  in  the  world.  He  was  General  Superintend- 
ent of  Government  railways,  and  President  of  the  North 
Shore  Railway  Company  and  of  the  Montreal  City  Pas- 
senger Railway  Company.  In  1857  he  opened  the  Yam- 
aska  River  to  navigation  from  Sorel  to  St.  .Ainie,  and  the 
St.  Francis  River  from  St.  Francis.  Among  the  railroads 
which  he  constructed  are  the  following  :  Richelieu, 
Drummond  &  Arthabaska;  Laurentian  Railway;  St.  Eus- 
tache  Railway  ;  Berihier  Railway  ;  Lanoraie,  Joliette  & 
Valois;  L'Assomption  Railway,  and  the  Basse  Lauren- 
tides  Railway.  He  built  and  'worked  the  railroad  over 
the  ice  on  the  St.  Lawrence  from  Montreal  to  Longueuil. 
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Under  his  management  the  Richelieu  line  was  extended 
from  Hamilton  and  Toronto  to  Chicoutimi,  a  distance  of 
nearly  1,000  miles.  He  was  an  active  politician,  and  for 
several  years  was  said  to  control  the  provincial  Legis- 
lature of  Quebec. 


Harrington's  Semaphore. 

The  engraving  represents  an  improved  semaphore  sig- 
nal,   designed    by    Mr.    S.    H.    Harrington,    Mechanical 


has  a  red  lense.  and  the  other  is  open.  When  the  blade  is 
in  the  position  represented  at  the  top  of  the  engraving, 
the  red  lense  comes  in  front  of  the  lamp;  when  the  blade 
is  down,  as  shown  by  the  dotted  lines,  the  other  opening 
comes  in  front  of  the  lamp,  which  then  shows  a  white 
light.  The  same  pattern  of  casting  can  be  used  for  each 
of  the  semaphore  blades,  and  the  same  lamp  answers  for 
both. 
The  casting  has  a  slieave  on  it,  shown  in  the  left  side  of 


HARRINGTON'S   SEMAPHORE. 


Engineer  of  the  Pittsburgh,  Cincinnati  &  St.  Louis  Rail- 
road, and  which  is  made  by  the  Barney  &  Smith  Manu- 
facturing Company,  of  Dayton,  Ohio. 

Without  any  strikingly  novel  features,  the  semaphore  is 
so  designed  as  to  cheapen   its  cost,  and  reduce  it  to  a 
practical  form.     The  signal  lamp  is  placed  on  top  of  the    | 
post,  as  shown.     The  semaphore  blades  are  attached  to  a 
casting,  shown  separately  on  the  left  side  of  the  engraving.   1 
This  casting  has  two  openings  ;  one  of  them  shown  on  top   ' 


the  engraving,  around  which  a  wire  rope  is  wound  which 
raises  the  signal.  The  levers  with  which  it  is  operated 
are  shown  in  the  engraving.  These  can,  of  course,  be 
located  in  any  convenient  position. 

This  signal  is  now  in  use  on  the  Pan-Handle,  the 
Cincinnati,  Hamilton  &  Dayton,  the  Bee  Line,  the  Louis- 
ville &  Nashville,  the  New  York,  Lake  Erie  &  Western, 
the  Fort  Wayne  and  other  roads,  and  it  has  the  merit  of 
being  simple,  practical  and  cheap. 
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THE    PRINCIPLES  OF  RAILROAD  LOCATION. 
By  Professor  C.  D.  Jameson. 

(Copyright,  1887,  by  M.  N.  Forney.) 
INTRODl'CTION. 

The  object  of  this  book  is  not  alone  to  furnish  addi- 
tional data  and  information  to  our  educated  engineers, 
men  who  have  the  higher  mathematics  at  their  fingers" 
ends  and  the  leisure  to  use  them,  who,  if  they  can  learn 
nothing  else  from  what  follows,  can  at  least  learn  some- 
thing, we  hope,  of  simplicity  and  clearness  of  explanation. 
This  book  Is  written  also  for  that  great  body  of  readers 
who  have  never  had  a  chance  to  acquire  any  knowledge 
of  higher  mathematics,  or,  if  they  once  had  this  knowledge, 
have  long  since  forgotten  it  from  lack  of  time  or  neces- 
sity of  making  any  practical  use  of  it. 

It  is  hoped  that  the  following  explanations  will  be 
made  so  plain  and  simple  that  any  one  with  common 
sense  and  a  common-school  education  who  takes  any  in- 
terest in  railroads,  either  as  owner  or  employe,  may  be 
able  to  fully  understand  not  only  the  general  principles 
upon  which  a  Railroad  Location  is  based,  but  also  the 
methods  used  both  in  the  tield  and  office  in  actually 
carrying  on  the  work. 

It  will  be  found  impossible  in  some  cases  to  do  away 
entirely  with  mathematics,  but  wherever  they  are  used, 
much  care  will  be  taken  to  introduce  them  only  in  their 
most  simple  and  elementary  form,  so  as  to  enable  the 
reader,  with  very  slight  study,  to  understand  their  appli- 
cation at  once.  Undoubtedly  many  of  the  explanations  will 
be  much  longer  than  if  more  mathematics  were  used,  but 
this  lack  of  conciseness  will,  we  think,  be  more  than 
counterbalanced  by  the  fact  that  the  general  reader,  student 
and  ordinary  engineer  will  be  able  at  once  to  understand 
what  we  are  explaining  and  will  thus  be  led  to  read  and 
study  the  following  pages,  while  they  would  turn  away 
without  making  an  effort,  were  the  explanations  covered 
with  a  mathematical  coating  which,  however  much  it 
might  shorten  them,  would,  to  a  great  extent,  conceal 
them.  Therefore  let  the  educated  and  advanced  engineer 
excuse  what  appears  to  him  a  uselessly  long  and  round- 
about explanation,  and  let  him  remember  that  hundreds 
of  our  best  engineers  in  Railroading  never  had  the  time 
or  opportunity  for  advanced  study  in  mathematics,  and 
that  there  is  a  large  number  of  engineering  students  to 
whom  this  book  may  prove  useful ;  while  more  in  number 
than  all  these  is  that  multitude  of  people  who  are  in- 
terested in  whatever  pertains  to  railroads,  and  who  may 
like  to  understand  the  general  principles  upon  which  the 
location  of  a  railroad  is  based  as  well  as  the  methods 
employed  in  the  field  and  office  in  doing  the  work.  It  is, 
therefore,  for  these  last  two  classes  that  this  book  is  written, 
and  it  is  the  hope  of  the  author  that  they  will  find  all  the 
questions  so  clearly  explained  that,  with  very  little  study, 
they  may  be  able  to  understand  fully  all  the  problems 
presented,  and  thus  acquire  a  full  knowledge  of  the  fun- 
damental principles  of  Railroad  Location. 

One  word  more  before  we  finish  this  Introduction  : 

LOCATING   engineers   ARE    BORN,    NOT    MADE. 

Some  eminent  authors  on  this  subject  have  denied  this 
fact,  claiming  that,  with  but  ordinary   powers  of  obser- 


vation, anyone  by  proper  attention  to  set  rules  could 
make  a  good  locating  engineer.  No  one  can  make  a 
good  locator  of  himself  any  more  than  he  can  make  an 
artist  or  musician.  It  must  be  born  in  him.  Then,  if  he 
has  this  gift  or  talent,  hard  study  and  constant  practice 
will  bring  him  each  day  nearer  and  nearer  perfection. 
But  without  this  natural  talent,  or,  as  it  is  sometimes 
technically  called,  "  eye  for  country,"  he  may  study  and 
memorize  all  that  is  written  on  the  subject  in  the  shape 
of  rules  or  explanations  and  may  practice  in  the  field 
continually;  let  him  be  put  into  a  new  country  under 
slightly  varying  circumstances,  and  ninety-nine  times  out 
of  a  hundred  he  will  not  only  waste  much  time  and  money 
upon  useless  surveys,  but  in  the  end  will  have  far  from 
the  best  line  between  the  given  points.  Men  of  this  kind 
usually  make  the  best  of  assistants.  They  are  hard  and 
faithful  workers  and  obey  orders  to  the  letter.  They  can 
conduct  surveys  in  the  best  manner  where  they  act 
under  orders,  but  they  should  never  be  found  on  recon- 
noissance,  and  it  would  be  economy  for  all  railway  com- 
panies if  care  were  taken  that  these  men  never  conducted 
location — economy  in  the  location,  construction  and, 
more  than  all,  in  operation. 

As  location  is  an  art  and  not  an  acquired  quality,  it 
follows  that  each  locating  engineer  has  his  own  individual 
methods  of  carrying  on  the  details  of  the  work  and 
solving  the  many  problems  that  arise.  This  more  parti- 
cularly applies  to  the  reconnoissance  than  to  any  other 
part  of  the  process  of  railroad  location,  as  in  that  is  shown, 
more  strongly  than  anywhere  else,  the  personality  of 
each  individual.  What  we  propose,  therefore,  is  not  to 
give  fixed  rules  to  be  applied  in  all  cases,  but  to  place 
before  the  reader  the  results  which  are  required  and  the 
fnndamental  principles  upon  which  the  obtaining  of  these 
results  are  based,  together  with  the  methods  used  in  the 
field  and  office  of  conducting  the  work  after  the  recon- 
noissance has  been  made,  and  a  full  descripton  of  all  the 
instruments  used. 

CHAPTER  I. 

QUESTIONS   TO    BE   ANSWERED    BEFORE  THE    LOCATION 

BEGINS. 

There  are  many  questions  which  must  be  carefully 
studied  in  regard  to  a  proposed  railroad  before  any  of  the 
work  of  location  begins,  and  the  first  is  whether  it  will 
pay  to  build  a  railroad  at  all.  In  this  country,  railroads 
have  been  built  with  one  of  the  following  objects  in  view. 
First,  when  built  without  any  regard  as  to  whether  they 
will  pay  as  a  business  enterprise,  as  when  a  road  is  built 
by  the  State  for  the  supposed  good  of  the  people  of  the 
State. 

Second,  when  a  railroad  is  built  parallel  to  another  rail- 
road or  running  through  the  same  section  of  country, 
knowing  that  there  is  not  enough  traffic  for  both.  The 
only  object  in  this  case  is  to  blackmail  the  already  exist- 
ing railroad. 

Third,  when   built  simply  to  make  money  out  of  the 

construction.     That  is,  when  certain  men  form  a  railroad 

company,  raise  the   money  to  build  the  road  and  then  let 

the  contracts  to  themselves  at  any  price  for  the  work 

!    they  may  choose  to  fix. 

I        Fourtli.   when    built   purely   as   a   legitimate   business 

I    transaction,  for  the  purpose  of  making  money  in  a  legiti- 

i    mate  manner  by  operating  the  road.     It  is  with  this  fourth 

class  only  that  we  have  to  do,  where  the  idea  is  to  make 
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every  dollar  do  as  much  work  as  possible,  but  also  to 
have  all  the  work  done  in  a  first-class  manner  and  to 
have  no  false  economy.  To  decide  whether  the  railroad 
will  pay  or  not,  a  most  careful  study  must  be  made  of  the 
resources  of  the  country  through  which  it  is  going  to  run, 
both  as  to  the  present  and  future.  The  terminal  points 
of  the  railroad,  that  is,  where  it  shall  start  from  and  where 
it  shall  run  to,  are  a  question,  which,  as  well  as  No.  i, 
is  seldom  left  to  the  engineer  but  is  decided  on  a  broader 
basis  by  the  E.xecutive  Board  of  the  Railroad  Company, 
and  thus,  under  most  circumstances,  the  engineer  is  re- 
lieved of  the  responsibility  of  deciding  the  two  most 
important  questions  to  the  future  railroad. 

Having  decided  to  build  a  railroad,  and  also  where  to 
build  it,  as  far  as  the  terminal  points  are  concerned,  we 
come  ne.\t  to  the  question  as  to  what  gauge  is  to  be  used, 
whether  standard  (4  ft.  S'/i  in.)  or  narrow  (anything  less 
than  standard).  There  are  many  points  which  can  be 
urged  in  favor  of  both  standard  and  narrow  gauge,  and 
indeed  some  years  ago  many  miles  of  narrow  gauge  road 
were  built ;  but  a  large  part  of  these  lines  has  since  then 
been  changed  to  standard,  because,  notwithstanding 
all  that  can  be  said  in  favor  of  the  narrow  gauge,  all  the 
advantages  that  can  be  claimed  are  more  than  counter- 
balanced by  the  fact  that  the  standard  gauge  is  the 
standard  ;  that  is,  that  the  majority  of  the  railroads  in  this 
country  are  of  that  gauge,  and  this  one  point  of  uniformity, 
is  under  all  ordinary  circumstances  of  very  much  more 
importance  than  any  mere  difference  in  the  distance 
between  the  rails.  The  gauge  of  a  railroad  is  the  distance 
between  the  rails,  and  should  be  measured  between  the 
inside  of  the  tops  of  the  rails. 

Another  question  is  whether  the  raih-oad  shall  be 
built  in  a  substantial  manner  in  the  beginning,  or 
whether  it  shall  be  built  in  a  temporary  manner,  just 
good  enough  to  allow  it  to  be  opened  to  the  public  and 
transact  business  and  afterward  be  improved  and  put  in 
first-class  condition  from  its  earnings.  This,  to  a  great 
extent,  depends  upon  the  ability  of  the  railroad  company 
to  raise  money.  Of  course,  the  first  cost  of  construction 
is  much  more  when  the  road  is  built  and  finished  in  a 
thorough  manner  in  every  respect,  but  the  cost  of  operat- 
ing the  road  is  much  less,  and  it  must  be  remembered 
that  this  cost  of  operating  is  an  expense  that  goes  on  day 
by  day,  increasing  with  the  traffic  (but  not  in  the  same 
ratio),  while  the  cost  of  construction  is  spent  once  for 
all,  and  the  only  thing  to  be  considered  is  the  interest 
which  has  to  be  paid  for  the  extra  amount  of  money  used 
in  construction  ;  and  the  extra  amount  that  can  be  spent 
on  construction  is  the  principal,  the  interest  on  which 
would  equal  the  increase  in  the  operating  expenses,  if 
this  additional  amount  were  not  spent  on  construction. 
This  would  be  the  case  if  the  railroad  company  could 
obtain  all  the  money  it  needed.  But,  as  this  very  seldom 
happens,  many  of  our  railroads  which  are  to-day  sub- 
stantial lines  in  every  respect,  and  paying  roads  also,  could 
never  have  been  built  at  all,  if  it  had  been  required  to 
make  them  first-class  in  the  beginning. 

There  is  one  thing,  however,  that  should  never  be 
allowed. under  any  circumstances,  and  thclt  is  that  this 
spirit  of  economy  should  be  carried  so  far  as  to  in  any 
way  endanger  human  life,  as  by  the  use  of  cheap,  weak 
bridges  or  inferior  and  old-fashioned  appliances  such  as 
hand  brakes,  stub  switches,  etc. 

No  amount  of  money  saved  in  the  location  or  construc- 


tion can  compensate  for  one  human  life  lost,  and  as  the 
railroad  companies  take  and  hold  what  property  they  need 
by  the  "  Right  of  Eminent  Domain,"  for  the  benefit  of  the 
Public,  the  law  should  see  that  no  work  is  permitted 
which  in  any  way  endangers  human  life,  and  compel  all 
railroad  companies  to  use  the  most  approved  safety 
appliances.  This  is  meant  to  apply  to  those  roads  doing 
business  in  such  a  way  that,  by  the  absence  of  the  most 
approved  appliances,  human  life  is  endangered.  On  a 
small  road,  running  only  a  few  trains,  and  those  trains  at  a 
slow  rate  of  speed,  there  is  really  little  risk  to  the 
passengers  or  employes  with  the  most  rude  appliances 
in  the  shape  of  brakes,  switches,  etc.  All  the  superstructure 
may  also  be  much  lighter  on  these  small  roads,  but  the 
material  of  wh  ich  they  are  bu  ilt  should  be  first-class,  other- 
wise it  would  be  impossible  to  judge  in  any  way  of  its 
strength. 

Having  decided  upon  the  terminal  points,  the  next 
thing  is  to  carefully  study  the  resources  of  the  country 
between  them  in  order  to  form  as  exact  an  idea  as  pos- 
sible of  the  amount  of  future  traffic  that  will  probably  be 
done  by  the  road.  To  do  this  there  must  be  taken  into 
consideration  all  the  intermediate  towns  of  whatever  size, 
and  without  regard  to  whether  they  are  on  the  probable 
line  of  the  railroad.  All  resources,  such  as  water  power, 
mines,  etc.,  that  at  the  time  are  valueless,  owing  to  the 
lack  of  transportation,  must  be  studied  with  care. 

All  the  business  of  the  future  road  may  be  divided  into 
two  kinds,  "  Through  Traflftc"  and  "  Way  Traffic." 

The  "Through  Traffic"  is  (i)  that  which  goes  directly 
from  one  terminus  to  the  other;  or  (2)  is  carried  over  parts 
of  two  different  railroads  either  from  or  to  the  terminal  or 
intermediate  stations. 

The  amount  of  Through  Traffic  a  railroad  may  have 
depends,  to  a  very  great  extent,  upon  the  terminal 
stations  and  the  connections  it  makes  there  with  other 
routes  of  transportation. 

The   Way  Traffic  is  that  traffic   which  goes  from  the 

terminal  stations  to   the    intermediate    stations   on   the 

same  line,  or  the  reverse,  apd  also  that  between  the  way 

stations.     The  amount  of  this  Way  Traffic  depends  not 

only  upon  the  resources  of  the  country  through  which  the 

railroad  runs,  but  also  upon  the  connections  made  at  the 

terminal    stations.       Unless   the   country    has   resources 

within  itself,  which  are  or  can  be  developed,  there  will  be 

very  little  Way  Traflnc  to  start  with,  none  going  from 

the  intermediate  stations  outward,  and,  consequently,  very 

I    little,  comparatively,  coming  in.      The  same  will  be  the 

case,  even  if  we  suppose  that  the  intermediate  stations  are 

!    rich  in  resources,  if  there  are  no  connections  at  the  term- 

]    inal  stations  to  carry  the  products  to  a  market. 

The  probable  traffic  of  the  road  is  the  first  question  to 
be  studied.  This  is  the  business  for  which  the  road  is  built 
and  upon  a  correct,  or  at  least  approximately  correct 
answer  to  this  depends  the  future  success  of  the  proposed 
railroad.  This  is  very  much  more  tl^e  case  in  America  and 
Mexico  than  in  England  and  the  more  populous  parts  of 
Europe.  In  England  and  Europe,  the  whole  country,  so 
to  speak,  was  under  cultivation  before  the  age  of  railroads, 
and  their  introduction  simply  enlarged  the  market  for 
already  existing  products.  With  us  it  is  exactly  the 
opposite.  Three-quarters  of  our  railroads  were  pushed 
out  into  a  wilderness  far  ahead  of  civilization  and  cultiva- 
tion, and  the  business  of  these  roads  was  created  by  them 
and  after  they  were  built.     In  England  and  Europe,  the 
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railroads  were  built  because  the  traffic  existed  and  they 
were   needed.     With   us  the  roads  were  built,  and  then, 
from  the  fact  that  they  were  built  and  otfered  facilities 
for  transportation,  the  business  which  to-day  makes  them 
able  to  pay  interest  on  the  cost  of  construction  was  made    j 
possible  and  became  a  fact.     It  is.  of  course,  evident  that, 
although  in  England  and  Europe  the  traffic  existed  large-   [ 
ly  before  the  introduction  of  railroads,  still,  even  in  those 
countries,  the  introduction  of  railroads  has  increased  that 
traffic  by  a  hundred  fold.     The  next  question  to  study  is 
the  class  of   the   future  traffic.     That  is,  of  what  will  the    ; 
bulk  of  the  business  to  be  done  by  the  road  consist.     Will    | 
it   be  passengers  or  freight  or  both,  will  the  freight  be  all 
of  one  kind,  such   as   coal,  mineral  or  grain,  or  will  it  be    j 
of  a  general,  mixed  character  ?    These  questions  affect  the 
location,  cost  of  construction  and  cost  of   operation.     A 
road  that   does  only   one  kind  of  freight  business  can  be 
built  and  operated   much   more  cheaply   than   one   that    : 
does  a  mixed  businesss.     The  terminal  facilities  are  much 
fewer  and    much   simpler,   and    therefore   can   approach 
nearer  perfection  ;  only  one  kind  of  rolling  stock  is  needed 
and  one  class  of  locomotives.    The  trains,  being  all  of  the 
same  class,  run  at  about  the  same  speed  ;   therefore  the 
track  can   be  put  up  in  just  the  shape  to  suit  this   speed 
and   rolling  slock,  and  thus  the  expenses  of  manitenance 
of  way  much  reduced.     The  drawback  to  this  kind  of  busi- 
ness is  that  it  is  usually  all  or  nearly  all  in  one  direction. 
We  must  next  consider  the  question  as  to  the  direction 
in   which  the  bulk  of   the  traffic  will  have  to  be  carried. 
Will  it  all  be  carried  in  one  direction,  or  will  it  be  more 
equally  divided,  some  going  in  each  direction  so  that  the 
cars  can  be  loaded  both  ways.     If  there  is  only  traffic  in 
one  direction,  the  trains  going  in  the  opposite  direction 
will  only  have  empty  cars  to  haul,  and  this  return  trip 
will   be  a  loss  either  to  the  railroad  company  or  to  the 
shippers.     This  question   is  also  one  which  affects  very 
seriously  the  location   of  the  line  and  the  establishment 
of  the  grades  ;  because,  if  the  amount  of  traffic  is  the  same 
in  both  directions,  the  grades  which  oppose  this  traffic 
must  be   as  nearly  the  same,  as   possible   for   the   most 
economical  working  of  the  road  ;  while,  if  the  bulk  of  the 
traffic  is  in  only  one  direction  so  that  the  returning  trains 
are  run  light,  much  steeper  grades  can  be  used  to  oppose 
these  light  trains    than    those   which    oppose   the    more 
heavily  loaded  ones,  and   thus  much  money  can  often  be 
saved   in  the  cost  of  construction    by   so   adjusting  the 
grades  on  the  location   that  their   relative  resistance  to 
the  movement  of  trains  is  inversely  as  the  relative  amount 
of  the  traffic  each   way.     The  next  question   is  that   of 
intermediate  stations.     We  have  decided  upon  the  term- 
inal stations,  and  between  them   are  a  number  of  small 
towns  of  greater  or  less  importance,  which  all,  to  a  certain 
degree,  wish  the  railroad  to  come  to  them,  and   which,   to 
a  certain   extent,  it  will  pay  the  railroad  to  reach.     None 
of  them  are  on  the  shortest  or  best  line   for  a  railroad 
between  the  terminal  stations,  and    it    will    increase  the 
first  cost  of  construction  to  build  the  road  to  them,  besides 
making  it  necessary  to  haul  all  the  through  business  a  longer 
distance   for  the   same   amount   of   money.     (We   say   a 
longer  distance  for  the  same  amount  of  money,  because 
the  rates  of  through  freight  to-day  are   based,   in    most 
cases,  not  upon  the  actual  distance  hauled  but  upon  outside 
circumstances  that,  within   certain    limits,  have   nothing 
whatsoever  to  do  with  the  distance  hauled.)     The  ques- 
tion to  be  decided  is,  then,  whether  the  extra  business  to 


be  procured  by  thus  increasing  the  actual  length  of  the 
line  will  pay  the  interest  on  the  increased  cost  of  con- 
struction due  to  the  increase  of  length  and  also  the  cost 
to  the  railroad  company  of  hauling  all  the  other  business 
this  extra  distance.  If  the  profits  from  tiiis  extra  business 
will  pay  this  additional  expense,  then  build  the  road  to 
these  intermediate  towns,  but  if  the  profits  from  this 
extra  business  are  not  enough  to  pay  the  additional  ex- 
pense, and  there  is  no  reason  to  believe  that  there  will  be 
sufficient  business  at  any  future  time,  then  the  road  should 
not  be  carried  to  the  intermediate  towns. 

it  should  be  remembered  that  mere  increase  of  dis- 
tance by  a  comparatively  small  amount,  is  in  itself  a  very 
small  thing,  and  that  it  takes,  generally  speaking,  a  very 
small  amount  of  extra  business  to  pay  for  the  extra  length. 
In  the  first  place,  the  cost  of  running  an  extra  mile  is 
a  very  small  proportion  of  the  cost  of  running  the  whole 
distance.  Then,  under  some  circumstances,  this  extra 
length  may  be  a  positive  gain,  as  in  the  case  of  passenger 
traffic,  where  the  rate  is  so  much  a  mile.  If  it  is  a  pro- 
fitable business  to  carry  the  passenger  90  miles  at  a  given 
rate  per  mile  it  is  more  profitable  to  carry  him  100  miles. 
Often  in  the  case  of  through  lines  where  the  given  road 
forms  a  link,  the  longer  the  linK  the  greater  proportion 
of  the  whole  chain  it  is,  and  the  greater  proportion  of  fare 
it  will  receive.  In  this  question  of  intermediate  towns, 
we  must  clearly  understand  how  much  the  traffic  of  the 
road  is  increased  by  the  addition  of  one  extra  station. 

We  will  suppose  that  we  have  a  railroad  running  from 
A  to  B,  and  the  traffic  of  A  and  B  is  the  same.     Between 


A  and  B,  is  the  town  C.  which  is  a  little  off  to  one  side; 
now,  if  the  line  runs  from  A  to  C.  and  from  C  to  B.  and 
the  amount  of  traffic  due  to  C  is  the  same  as  to  A  and  B, 
then  the  amount  of  the  whole  traffic  of  the  road  is  multi- 
plied by  two,  and  in  most  actual  cases  by  three,  and,  as 
the  number  of  stations  is  increased,  it  is  a  safe  rule  to 
say  that  the  traffic  of  the  road  will  increase  by  the  number 
of  stations,  minus  one,  multiplied  by  three.  This,  of 
course,  supposes  that  each  station  shall  have  an  equal 
amount  of  traffic.  According  to  the  above  rule,  if  we 
increase  the  number  of  stations  to  six,  we  multiply  the 
traffic  by  i  5.  This  rule  would  apply  exactly  only  in  ideal 
cases,  but  the  engineer,  and  particularly  the  young  en- 
gineer, should  have  all  these  possible  facts  firmly  fixed  in 
his  mind:  That  a  line  of  railroad  can  swerve  to  one  side 
or  the  other  of  a  right  line  a  good  many  degrees  without 
materially  increasing  the  distance;  that  it  takes  com- 
paratively a  very  small  amount  of  extra  traffic  to  pay  for 
this  extra  length  ;  that  in  many  cases  this  extra  length  is 
a  direct  gain  to  the  railroad.  It  may  be,  however,  that 
sometimes,  where  this  extra  length  is  again  to  the  railroad, 
it  is  a  loss  to  the  shipper  and  consequently  is  bad  policy. 
Unless  there  are  urgent  reasons  for  increasing  the  length 
of  a  railroad  line,  such  as  intermediate  stations  or  topo- 
graphical obstacles,  the  length  should  never  be  increased 
simply  that  a  larger  amount  may  be  charged  for  trans- 
portation.    In  these  days  of  competition  and   multiplicity 
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of  railroads,  this  would  be  a  most  dangerous  policy  for 
a  company,  for  the  reason  that  where  a  line  of  railroad 
between  two  points  is  longer  than  there  is  any  necessity 
for  (if  those  terminal  points  are  of  any  importance  from 
a  business  standpoint),  it  is  very  certain  that  a  shorter 
and  better  line  will  be  built  which,  for  the  same  rates,  can 
do  the  business  at  a  greater  profit. 

In  considering  the  question  of  branch  lines,  always 
remember  that,  in  themselves,  branches  are  very  seldom 
profitable.  Unless  there  are  very  imperative  reasons,  why 
the  main  line  should  not  be  carried  through  the  towns, 
branches  should  never  be  built.  But  when  and  where 
they  are  built,  the  only  way  they  pay  is  in  conneation  with 
the  main  line.  There  are  cases  where  a  branch  pays  in 
itself,  but  it  is  only  when  it  is  in  such  a  location  and 
under  such  condititions  that  it  amounts  to  a  main  line. 
In  thus  speaking  of  branch  lines,  we  mean  those  which 
are  built  for  ordinary  business  and  not  branches  which 
are  built  for  special  purposes,  such  as  those  running  to 
coal  mines,  lumber  or  flour  mills,  where  the  business  is  all 
of  one  class,  and  the  probable  amount  of  it  can  be  very 
exactly  estimated.  If  such  special  branches  do  not  pay 
in  themselves,  it  is  simply  from  lack  of  judgment  in  the 
estimates  made  as  to  the  future  traffic. 

Another  question  to  be  studied  before  the  location  is 
made  is  the  probable  cost  of  the  right  of  way.  The  im- 
portance of  this  question  varies  as  to  the  locality  in  which 
the  railroad  is  to  be.  In  a  wild,  unsettled  country,  the  land 
necessary  can  usually  be  had  for  nothing,  while  in  thickly 
settled  countries  where  land  is  valuable,  the  land  for 
right  of  way  becomes  one  of  the  greatest  items  of  expense. 
This  is  plainly  seen  in  the  great  difference  there  has 
been  in  cost  of  the  right  of  way  in  England  and  in  this 
country. 

In  England  the  average  paid  for  land,  including  that 
used  for  shops,  stations,  etc.,  is  ^4  000,  or  nearly  $20,000 
per  mile,  while  with  us  the  average  per  mile  has  been  less 
than  $1,000.  When  possible  it  is  a  good  plan  to  let  it  be 
understood  that  the  building  of  the  railroad  to  certain 
places  depends  greatly  upon  the  price  which  will  have  to 
be  paid  for  the  right  of  way ;  not  that  the  railroad  com- 
pany wishes  to  get  the  land  for  any  less  than  a  fair  price, 
but  simply  that  it  wishes  to  get  it  for  a  fair  price  and 
will  not  be  subjected  to  extortion. 

It  is  strange  how  the  business  honor  and  rectitude 
of  men  disappears  when  dealing  with  railroads  in  general, 
and  particularly  in  the  regard  to  the  right  of  way. 

Men  who  would  be  shocked  at  any  intimation  that 
they  would  he,  will  deliberately  swear  that  their  land  is 
worth  ten  times  as  much  as  they  ever  thought  it  was,  if 
a  railroad  company  wishes  to  buy  it.  Even  when  the  com- 
pany will  not  submit  to  this  e.xtreme  extortion  and  pay 
the  owner  the  price  he  asks  for  the  land,  and  demands  a 
commission  to  settle  the  price  that  shall  be  paid,  it  is 
but  a  sorry  remedy.  The  commission  is  appointed  from  I 
among  the  friends  and  neighbors  of  the  land-owner,  who 
are  all  prejudiced  against  the  railroad  and  consider  it  so 
much  in  their  favor  if  they  can  make  the  company  pay 
well.  The  company  has  to  pay  all  the  expenses  of  the 
commission  and  then  be  cheated  by  it. 

Why  this  purchase  of  the  necessary  land  by  a  railroad 
company  should  have  to  be  conducted  in  a  manner  so 
contrary  to  general  business  principles  one  cannot  un- 
derstand. A  railroad  company  should  be  obliged  to 
pay   a   man  a   most  exorbitant  price  for  improving  his 


property  ten-fold,  for  no  one  can  now  deny  that,  upon 
general  principles,  all  property  is  improved  by  a  railroad. 
There  are,  of  course,  exceptions  to  this  rule,  but  these  ex- 
ceptions usually  get  exceptional  payment. 

The  state  of  the  money  market  must  be  considered 
before  the  work  of  location  begins.  This  question  does 
not  now  refer  so  much  to  the  power  of  the  company  to 
raise  money,  due  to  its  financial  standing,  as  to  whether 
money  is  scarce  or  not ;  whether  capitalists,  great  or 
small,  are  seeking  investments  for  their  money.  There 
are  times  when  everything  is  on  a  "boom,"  and  when 
money  can  be  had  for  any  scheme  for  almost  the  mere 
asking,  and  other  times  when,  no  matter  how  solid  the 
scheme  is,  money  can  only  be  procured  by  paying  a  very 
high  rate  of  interest. 

The  money  used  in  building  a  railroad  has  generally 
been  raised  in  two  ways  ; 

1.  By  issuing  bonds  and  selling  them  in  the  public 
market. 

2.  By  issuing  and  selling  stock.  (This  method  has  been 
for  some  past  falling  into  disuse.) 

The  bonds  are  simply  a  mortgage  for  a  specified  amount 
upon  the  property  of  the  railroad  company.  This  mort- 
gage runs  for  a  specified  length  of  time  and  has  a  speci- 
fied annual  interest.  When  this  interest  becomes  due 
and  is  not  paid,  the  mortgage  can  be  foreclosed  the  same 
as  any  other  mortgage.  When  the  specified  term  of  the 
mortgage  expires,  the  principal  must  be  paid. 

In  order  to  protect  the  small  bondholders,  railroad 
mortgages  can  usually  be  foreclosed  by  the  vote  of  a 
portion  of  the  holders. 

The  stock  dififers  from  the  bonds  in  the  fact  that 
there  is  no  stated  amount  of  interest  to  be  paid  on  it,  but 
that  whatever  moneys  from  the  receipts  of  the  road  re- 
main over  and  above  the  expenses  and  interest  on  the 
bonds  shall  be  divided  proportionally  among  the  stock- 
holders in  the  shape  of  dividends.  The  stock  also  differs 
from  the  bonds  in  not  constituting  any  lien  on  the  prop- 
erty of  the  railroad  company,  and  if  the  company  goes 
into  bankruptcy,  the  stock  becomes  worthless,  and  the 
holders  of  it  lose  whatever  they  have  paid  for  it.  The 
stockholders  are  simply  in  the  position  of  the  man 
who  owns  the  equity  of  redemption  on  a  mortgaged 
farm. 

Now,  if  there  is  very  little  money  seeking  investment, 
and  the  future  prospects  of  the  road  are  in  any  way 
doubtful,  either  on  account  of  the  lack  of  resources  in 
the  country  through  which  it  runs,  or  on  account  of  the 
men  at  the  head  of  the  enterprise,  the  bonds  and  stocks 
must  be  sold  at  a  great  discount,  and  the  liabilities  of  the 
company  made  very  large  in  proportion  to  the  amount  of 
actual  money  it  has  at  its  disposal. 

This  question  should  therefore  be  studied  with  much 
care,  in  order  that,  after  the  work  has  once  been  com- 
menced, it  will  not  have  to  be  stopped  on  account  of  lack 
of  funds,  and  also  that  when  it  is  finished  the  debt  may 
not  be  so  large  that  the  road  will  never  be  able  to  pay  a 
fair  rate  of  interest. 

Of  late  years  the  practice  has  grown  up  of  building 
roads  entirely  from  the  sale  of  bonds,  the  stock  being 
either  given  as  a  bonus  with  the  bonds,  or,  more  often, 
kept  by  the  projectors  for  their  own  benefit.  In  the  lat- 
ter case  the  control  and  management  of  the  road  remain 
with  parties  who  have  contributed  little  or  no  money, 
while  the  real  owners  have  no  voice  ;  a  condition  of  affairs 
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which  is  not  desirable,  and  which  has  led  to  many  abuses. 

The  state  of  the  material  market  is  usually  ol  less  im- 
portance to  the  railroad  company  than  the  state  of  the 
money  market,  for  in  these  days  of  cheap  and  rapid 
transportation,  the  markets  of  the  whole  world  compete 
at  every  point,  and,  under  all  ordinary  circumstances,  ma- 
terial can  always  be  purchased  at  a  fair  price.  Still,  the 
question  should  be  studied  with  care,  not  only  as  to  ' 
what  the  material  will  cost  at  the  factory,  but  also  as  to 
what  it  will  cost  at  the  point  where  it  is  to  be  used.  In 
new  and  uncivilized  countries  this  last  is  often  the  most  I 
important  question. 

In  Mexico,  for  example,  at  the  time  of  the  building  of 
the   railroad  from  Vera  Cruz  to  the  City  of  Mexico,   it 
cost  $75   per  ton  to  haul  the  rails  from  Vera  Cruz  to  the   [ 
City  of  Mexico  over   the   mountains,   on  account    of  a    1 
clause  in  the  concession  which  required  the  track-laying 
to  be  carried  on  from  both  ends  at  the  same  time. 

In  building  the  Mexican  Central  the  freight  on  the 
rails  was  $24  to  $22,  delivered  in  Vera  Cruz,  from  either 
New- York  or  Liverpool,  and  then  between  $40  and  $50 
per  ton  over  the  Vera  Cruz  line  to  the  City  of  Mexico. 

The  word  material,  as  it  is  used  here,  includes  not  only 
what  is  commonly  called  material,  and  used  in  the  con- 
struction of  a  railroad,  such  as  rails,  ties,  bridges,  etc., 
but  also  all  manual  labor  and  superintendency  required  to 
do  the  work  and  put  the  material  in  place.  It  therefore 
includes  the  question  of  wages  and  consequently  of  the 
supply  of  labor. 

We  have  thus  called  attention  to  the  principal  points 
which  should  be  studied  and  answered  with  as  much 
exactness  as  possible,  before  any  of  the  work  on  location 
begins.  The  manner  of  solving  these  questions  may  dilier 
in  each  case,  and  special  questions  may  come  up  which 
will  require  special  methods  to  solve. 

However  this  may  be,  let  the  student,  engineer  or  busi- 
ness-man get  firmly  and  clearly  fixed  in  his  mind  the 
different  points  which  he  must  study  and  the  relative 
bearing  and  importance  of  these  points,  and  then,  by 
the  use  of  his  own  commonsense  and  his  own  or  some 
other  person's  experience,  he  cannot  fail  by  hard  study  to 
arrive  at  a  satisfactory  result. 

Note. — The  reader  is  referred  to  the  following  books  as 
the  best  authorities  on  the  various  subjects  to  be  treated 
of  in  these  articles  : 

"  Manual  for  Railway   Engineers,"  by  George  L.  Vose. 

"The  Economic  Theory  of  Location,"  by  A.  M.  Wel- 
.ington. 

"  Railway  Curves,"  by  John  C.  Trautwine. 

"Field  Engineering,"  by  William  H.  Searles. 

"Topographical  Surveying,"  by  J.  B.  Johnson, 

"  Elements  of  Railroading,"  by  Charles  Paine. 

The  author  has  carefully  studied  these  books  and  has 
endeavored  to  give  each  credit  for  anything  he  has  taken 
directly  from  it,  but  in  instances  when  this  has  been 
neglected,  he  begs  now  to  acknowledge  his  indebtedness  to 
their  authors,  one  and  all. 

The  author  also  wishes  to  return  thanks  to  Professor 
George  L.  Vose  ;  A.  A.  Robinson,  Second  Vice-President, 
Atchison,  Topeka  &  Santa  Fe,  and  Professor  A.  E.  Bur- 
ton, of  the  Massachusetts  Institute  of  Technology,  for  the 
kind  assistance  they  have  rendered  him  in  collecting  some 
necessary  data. 

(TO    BE  CONTINUED.) 
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HOW   ELECTRICITY    IS    MADE. 

BY    LIEUTENANT    BRADLEY    A.    FISKE.  U.  S.  N. 

From  the  words  printed  above,  it  might  be  inferred 
that  the  generation  of  electricity  is  a  difficult  matter  and 
one  requiring  special  apparatus  and  instruction,  but,  as  a 
matter  of  fact,  it  is  much  more  difficult  not  to  produce 
electricity  than  to  produce  it ;  and,  in  refined  experiments, 
the  persistent  tendency  of  electricity  to  obtrude  itself 
where  it  is  not  wanted  necessitates  special  means  to  keep  it 
away  and  is  a  distinct  source  of  annoyance  to  the  experi- 
menter. If  any  two  metals,  or  any  two  pieces  of  the  same 
metal,  are  joined  by  a  wire,  or  if  they  are  in  contact  with 
each  other,  electricity  will  be  present ;  and,  if  both  are  im- 
mersed in  water,  a  current  will  pass  from  one  to  the  other  ; 
and  everybody  knows  of  the  trouble  caused  in  mills  by  the 
electricity  produced  by  the  friction  of  the  belts  in  passing 
over  the  pulleys.  The  amount  produced  by  these  means 
is  small,  of  course,  and  is  not  under  good  control ;  yet  the 
generation  of  electricity  in  large  quantities  and  in  a  con- 
trollable form  has  followed,  as  will  be  seen,  from  observa- 
tion of  and  experiment  with  as  simple  phenomena  as 
these. 

For  six  centuries  before  Christ  it  was  a  matter  of  gen- 
eral knowledge  that  amber  and  jet,  if  rubbed,  would 
attract  light  bodies;  and  the  science  of  electricity  re- 
mained limited  to  this  knowledge  until  1600  A.  D.,  when 
Dr.  Gilbert  discovered  that  the  same  curious  property 
was  possessed  by  many  other  bodies  besides.  It  was  not, 
however,  until  the  discoveriesof  Galvani  and  Volta,  nearly 
two  centuries  later  and  only  one  century  ago.  that  elec- 
trical phenomena  began  to  be  regarded  as  pointing  to  any 
practical  results ;  but,  when  these  learned  physicists  an- 
nounced the  results  of  their  experiments  on  the  nerves 
and  muscles  of  frogs  with  different  metals  in  contact,  the 
scientific  men  awoke  to  the  fact  that  a  wonderful  force 
had  been  evoked ;  and  since  that  time,  the  discoveries 
and  inventions  made  in  electricity  have  surpassed  those 
made  in  any  other  branch  of  science. 

It  will  be  remembered  that  about  1786  Galvani  observed 
that  if  two  dissimilar  metals  were  brought  into  contact, 
respectively,  with  the  nerve  and  the  muscle  of  a  frog's  leg 
and  then  into  contact  with  each  other,  a  quick  convul- 
sive movement  of  the  frog's  leg  would  follow,  and  that 
Volta  proved  afterwards  that  the  electricity  thus  evi- 
denced was  produced  not  by  the  frog's  leg.  but  by  the 
contact  of  the  dissimilar  metals.  In  substantiating  the 
truth  of  his  position,  he  constructed  what  is  now  called 
"  Volta's  Pile,"  consisting  of  discs  of  zinc  and  copper  in 
contact  with  each  other  and  separated  by  a  disc  of  moist 
cloth  or  paper  from  a  similar  pair  of  metals,  which  were 
similarly  separated  in  turn  from  a  succeeding  pair.  The 
whole  pile  comprised  a  large  number  of  such  pairs,  zinc 
being  at  one  end  of  the  pile  and  copper  at  the  other,  and 
when  the  ends  of  the  pile  were  connected  by  a  wire,  a 
considerable  current  was  shown  to  flow  from  one  to  the 
other.  Volta  also  constructed  a  cell  consisting  of  a  strip 
of  zinc  and  a  strip  of  copper  in  dilute  sulphuric  acid,  and 
this  cell,  in  various  modified  forms,  is  in  use  all  over  the 
world  to-day. 

The  necessity  for  any  modifications  of  this  cell — known 
as  the  simple  Voltaic  cell — lies  in  the  fact  that  a  very  little 
use  will  cause  it  to  run  down,  or  to  "polarize,"  as  it  is 
usually  called.     The  passage  through  the  cell  of  the  elec- 
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trical  current  which  it  produces  causes  a  chemical  action 
therein,  hydrogen  being  evolved  and  going  to  the  copper 
plate,  where  it  forms  in  a  thin  film,  which  not  only  resists 
the  passage  of  electricity  but  also  prevents  the  action  of 
copper  as  copper,  and  in  most  of  the  numberless  batteries 
invented,  the  primary  object  is  to  destroy  the  hydrogen 
as  fast  as  it  is  evolved. 

In  the  Le  Clanche  battery,  shown  in  tig.  i,  the  copper 
is  replaced  by  a  rod  of  carbon  which  is  surrounded  by 
powdered  binoxide  of  manganese,  a  substance  rich  in 
oxygen.  The  two  are  enclosed  in  a  porous  jar  which,  with 
the  zinc  rod,  stands  in  a  solution  of  sal-ammoniac.  The 
oxygen  in  the  bino.xide  attacks  the  hydrogen,  and,  if  elec- 
tricity is  not  generated  too  fast,  it  destroys  the  hydrogen 
as  fast  as  it  is  evolved.  If.  however,  electricity — and 
therefore  hydrogen — is  generated  beyond  a  certain  rate, 
the  battery  will  run  down,  or  polarize,  and  will  remain  in 
that  condition  until  it  has  been  allowed  to  rest  long 
enough  to  give  the  oxygen  time  to  destroy  the  accumula- 
tion of  hydrogen.  This  fact  of  requiring  frequent  rest 
explains  why  we  use  the  Le  Clanche  battery,  though 
cheap,  simple  and  clear,  only  in  such  work  as  ringing 
bells  and  operating  telephones,  where  the  work  is  inter- 
mittent— not  continuous. 


For  continuous  work,  such  as  telegraphing,  a  battery  is 
evidently  required  which  will  not  polarize,  no  matter  how 
long  it  is  used,  and  for  this  purpose  the  Daniell  battery — 
or  some  modification  of  it — is  employed  all  over  the  world. 
In  this  cell,  shown  in  fig.  2,  a  plate  of  zinc  stands  in  dilute 
sulphuric  acid,  in  which  stands  also  a  porous  pot  holding 
a  plate  of  copper  in  a  saturated  solution  of  sulphate  of 
copper,  there  being  also  a  sort  of  shallow  cup  on  the  rod 
of  the  copper  plate  which  holds  a  few  crystals  of  sulphate 
of  copper,  intended  to  maintain  the  saturation  of  the  so- 
lution. Now,  the  hydrogen,  in  passing  towards  the  copper 
plate,  meets  the  surrounding  solution  of  sulphate  of  cop- 
per, which  immediately  takes  it  up,  giving  up  an  equivalent 
amount  of  copper  and  depositing  it,  instead  of  the  hydro- 
gen, at  the  copper  plate— so  that  hydrogen  is  destroyed  as 
fast  as  generated,  and  polarization  is  completely  prevented. 
Possibly  the  cell  shown  in  fig.  3  may  be  more  familiar  to 
most  readers  than  that  in  fig.  2,  but  it  is  merely  a  modi- 
fication. It  is  called  the  gravity  cell,  from  the  fact  that 
the  two  solutions  are  kept  apart  by  gravity  instead  of  by 
a  porous  pot,  the  sulphate  of  zinc,  from  its  smaller  den- 
sity, floating  on  the  sulphate  of  copper.  There  are  count- 
less forms  of  voltaic  cells,  but  the  Le  Clanche  and  the 
Daniell  are  those  ordinarily  used.  Other  cells  are  the 
Bunsen  cell,  in  which  the  zinc  stands  in  dilute  sulphuric 
acid  while  a  rod  of  carbon  stands  in  nitric  acid :  the 
Grove,  in  which  a  bar  of  platinum  instead  of  carbon  stands 


in  the  nitric  acid,  and  the  Grenet  battery,  much  used  in 
medical  apparatus  and  shown  in  fig.  4,  in  which  two  plates 
of  carbon  stand  in  a  solution  of  bichromate  of  potash, 
there  being  no  action  until  a  plate  of  zinc  is  lowered  be- 
tween them  by  means  of  the  rod  shown.  This  cell  gives 
very  strong  currents  for  a  short  time  ;  but,  like  the  Le 
Clanch6,  requires  freiiuent  rest ;  and  it  requires,  in  addi- 
tion, that  the  zinc  be  lifted  out  of  the  solution  during  rest. 


Fig.  3- 

During  the  early  part  of  this  century,  many  and  very 
costly  experiments  were  made,  looking  to  the  employment 
of  electricity  on  a  large  scale  for  running  electric  lights 
and  working  electro-motors  ;  but  though  the  experiments 
were  successful  from  a  scientific  view,  they  failed  to  bear 
fruit  in  a  practical  way,  for  the  simple  reason  that  the 
chemicals  used,  principally  the  zinc,  were  so  expensive 
and  were  consumed  so  fast,  that  the  cost  was  altogether 
out  of  proportion  to  the  results  obtained  ;  and  were  it  not 
for  the  discovery  of  Faraday  in  1S31,  the  world  might  still 
be  without  the  practical  benefits  attending  the  use  of  the 


electric  light  and  the  electric  motor  on  an  extensive  scale. 
In  coming  to  Faraday's  discovery,  it  may  be  well  to  recall 
the  fact,  well  known  to  everybody,  that  a  piece  of  iron  be- 
comes a  magnet  (called  an  electro-magnet)  while  a  cur- 
rent of  electricity  traverses  a  wire  wrapped  around  it,  and 
that  it   ceases  to  be  a  magnet  when  the  current  ceases  ; 
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but  perhaps  it  is  not  so  generally  known  that  a  simple 
helix  or  coil  of  wire,  when  traversed  by  a  current,  also  be- 
comes a  magnet,  with  a  north  pole  at  one  end  and  a  south 
pole  at  the  other  end,  even  though  there  be  no  iron  core, 
and  that  even  a  single  loop  of  wire,  such  as  is  shown   in 


Fig-  5- 

fig.  5,  becomes  under  similar  circumstances  a  veritable 
magnet,  and  will  attract  or  repel  a  magnet  pole  in  the 
vicinity  according  as  the  current  is  in  such  a  direction  as 
to  make  the  adjacent  side  of  the  coil  a  north  or  a  south 
pole.  Now,  Faraday  made  the  happy  discovery  that  the 
converse  of  this  is  true  ;  in  other  words,  he  found  out  that 
if  a  magnet  pole  and  a  closed  coil  of  wire  were  made  to 
approach  each  other,  acurrent  would  immediately  traverse 
the  wire,  even  though  there  were  no  battery  connected  to 
the  wire;  and  that  a  current  would  traverse  the  wire  in 
the  opposite  direction  if  the  magnet  and  the  coil  were 
separated.  He  discovered  that,  if  he  used  the  other 
pole  of  the  magnet,  the  directions  of  these  two  currents 
would  be  interchanged,  the  approach  of  the  north  pole 
and  the  coil  producing  a  current  in  the  same  direction  as 
the  separation  of  the  south  pole  and  the  coil  and  vice 
versa.  He  discovered  that  the  strength  of  the  current  was 
proportional  to  the  strength  of  the  magnet  pole,  and  that 
it  was  proportional  also  to  the  rapidity  of  the  motion,  a 
strong  current  following  a  rapid  motion  and  a  weak  cur- 
rent following  a  slow  motion.  He  discovered  that  the 
mere  presence  of  a  magnet  pole  produced  no  effect,  the 
current  lasting  while  the  motion  lasted  but  ceasing  as 
soon  as  the  motion  ceased.  Further  thought  and  experi- 
ment developed  the  important  fact  that  in  all  cases  of  ap- 
proach or  separation  of  coils  and  magnet  poles,  the  cur- 
rent induced  was  in  such  a  direction  as  to  form  a  pole  in 
the  coil  which  opposed  the  motion  of  the  magnet  pole  pro- 
ducing it,  so  that  in  order  to  maintain  relative  motion 
between  the  coil  and  the  magnet  pole,  a  considerable 
force  was  required  to  overcome  the  attraction  in  the  case 
of  separation  and  the  repulsion  in  case  of  approach  ;  and 
since  the  current  induced  was  greater  after  a  rapid  motion 
than  after  a  slow  motion,  there  was  greater  resistance  to 
making  a  rapid  motion  than  to  making  a  slow  motion. 

Now,  this  resistance  we  know  at  the  present  day  is  just 
what  might  have  been  expected,  for  we  know  that  the  pro- 
duction of  an  electrical  current  is  the  production  of  en- 
ergy in  a  certain  form  and  can  be  obtained  only  by  the 
expenditure  of  an  equal  amount  of  energy  in  some  other 
form  ;  so  that  the  energy  which  Faraday  expended  in 
moving  the  magnet  poles  against  the  resistance  opposed 
was  simply  converted  into  the  electrical  energy  of  the  cur- 
rent he  evoked. 

The   announcement   of  his  discovery   by  Faraday   at- 


tracted at  once  the  attention  not  only  of  pure  scientists 
but  of  inventors,  for  its  practical  value  was  evident  at  a 
glance.  It  was  clear  at  once  that  if  electricity  could  be 
generated  by  simply  moving  magnets  and  coils  near  each 
other  all  the  commercial  difficulties  attending  the  em- 
ployment of  electricity  for  lights  and  motors  would  vanish, 
because  steam  engines  as  large  as  necessary  could  be 
made  to  move  coils  near  large  magnets  ;  and  since  the  cost 
of  the  electricity  would  depend  principally  upon  the  cost 
of  the  coal  for  running  the  engine,  it  could  be  cheaply 
produced,  for  the  reason  that  coal  was  many  times  cheaper 
than  zinc,  and  contained,  besides,  about  six  times  as  much 
heat,  which  they  knew  meant  six  times  as  much  power  to 
do  work. 

During  the  next  few  years,  great  was  the  activity  among 
inventors  and  electricians,  all  striving  to  produce  a  prac- 
tical machine  for  generating  electricity  in  large  quanti- 
ties; but  it  cannot  be  said  that  very  valuable  results  were 
obtained  until  the  advent,  in  1870,  of  the  Gramme  machine, 
which  closely  resembled  a  machine  previously  invented 
by  Pacinnoti,  but  which,  for  some  reason,  had  not  at- 
tracted much  attention. 

In  order  to  get  a  clear  comprehension  of  this  machine 
— and  in  fact  of  all  electric  machines — it  is  absolutely 
essential  to  consider  a  principle  laid  down  by  Faraday 
which  may  seem  difficult  at  first,  but  which,  once  under- 
stood, the  action  of  all  electric  machines  becomes  imme- 
diately apparent. 


Fig.  5"- 

Before  reciting  this  principle,  it  may  be  well  to  call  to 
mind  the  fact  that  the  poles  of  a  magnet  reach  out  into 
the  surrounding  air  and  tend  to  attract  or  repel  neighbor- 
ing magnet  poles  and  also  induce  opposite  poles  in  pieces 
of  soft  iron  at  hand,  so  that  if  a  piece  of  soft  iron  lie  near 
a  north  magnet  pole  a  south  pole  will  be  induced  in  the 
side  near  the  magnet  pole,  and  attraction  will  ensue.  The 
surrounding  air  may  then  be  conceived  to  be  full  of  "lines 
of  force"  which  run,  let  us  say,  in  the  direction  in  which 
a  north  pole,  there  placed,  would  tend  to  move,  that  is, 
away  from  the  north  pole  of  the  magnet  and  toward  the 
south  pole;  and  fig.  5  a  shows  a  bar  magnet  with  lines  of 
force  running  from  the  north  pole  and  into  the  south 
pole. 

That  these  lines  of  force  are  not  purely  imaginary,  may 
be  easily  shown  by  the  simple  expedient  of  sifting  fine  iron 
filings  upon  a  piece  of  card  board  and  placing  the  poles  N 
and  5  beneath,  as  indicated  in  fig.  6,  when  the  iron  filings 
will  range  themselves  in  lines  as  shown,  radiating  from 
the  poles.  But  it  is  not  only  magnet  poles  which  have  this 
capability,  for  it  can  be  shown  by  asimilar  experimentthat 
any  wire  when  traversed  by  an  electric  current  throws 
out  lines  of  force  and  possesses  magnetic  power,  for  if 
held  near  a  magnet  pole,  it  will  deflect  it  to  the  right  or 
the  left,  and  if  passed  through  a  hole  in  a  card-board  over 
which  fine  iron  filings  have  been  sifted,  the  filings  will 
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arrange  tlicmselves  in  circles,  showing  that  a  wire  trav- 
ersed by  a  current  is  surrounded  by  magnetic  lines  of 
force  which  circle  about  it.  If  now  such  a  wire  be  bent 
into  a  loop,  as  in  fig.  5,  it  will  be  seen  that  the  lines  of 
force  combine  to  run  out  of  one  side  and  into  the  other, 
forming  a  north  pole  and  a  south  pole,  respectively. 

Now,  such  a  coil  is  said  to  "embrace"  these  lines  of 
force,  and  the  number  of  lines  of  force  is  proportional  to 
the  strength  of  current;  or,  which  is  the  same  thing,  is 
proportional  to  the  strength  of  its  poles,  a  strong  current 
and  strong  poles  carrying  a  greater  number  of  lines  of 
force  than  a  weak  current  and  weak  poles. 


Fig.  6. 

But  a  coil  can  embrace  other  lines  of  force  besides  those 
due  to  its  own  current ;  it  may  embrace  also  those  due  to 
a  neighboring  magnet  pole,  the  lines  of  force  coming 
direct  from  a  north  pole  being  usually  considered  as  be- 
ing positive  in  direction — or,  as  sometimes  expressed,  be- 
ing positive  lines  of  force,  and  those  from  a  south  pole 
being  negative.  In  fig.  5,  the  coil  is  shown  as  embracing 
the  lines  of  force  due  both  to  its  own  current  and  to  the 
adjacent  magnet  pole. 

We  now  come  logically  to  a  statement  of  Faraday's 
principle,  which  is  that  when  a  conductor  is  so  moved  in  a 
magnetic  field  as  to  cut  the  lines  of  force,  a  current  is  set  up 
in  the  conditctor  at  right  angles  to  the  motion. 

But  it  can  be  shown  that  if  the  wire  be  bent  into  a  loop, 
it  is  possible  to  so  move  it  that  no  current  will  be  set  up, 
because  the  current  generated  in  one  side  of  the  coil 
can  be  made  to  oppose  that  generated  in  the  other  side. 
It  is,  therefore,  necessary  to  so  move  the  coil  that 
the  current  generated  in  one  side  of  the  coil  will  be 
greater  than  that  generated  in  the  opposite  side,  and  this 
we  see  that  we  can  do  quite  easily  by  the  simple  expe- 
dient of  rotating  the  coil  as  shown  in  fig.  7,  for  in  this 
case  the  top  of  the  coil  evidently  cuts  more  lines  of  force 
in  a  revolution  than  the  lower  part,  so  that  the  current 
generated  in  the  upper  part  overpowers  the  weaker  op- 
posing current  generated  in  the  lower  part.  A  better  way 
to  consider  this  case,  however,  is  to  regard  the  coil  as 
embracing  a  certain  number  of  the  lines  of  force,  when  it 
immediately  becomes  clear  that  a  current  is  generated  in 
a  coil  when  the  number  of  lines  of  force  which  it  embraces 


is  changed,  a  current  in  one  direction  following  a  decrease 
in  the  number  of  lines  of  force  embraced,  and  a  current 
in  the  opposite  direction  following  an  increase.     If,  also, 
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a  coil  be  moved  as  indicated  in  fig.  8,  a  current  will  set 
up,  since,  though  the  coil  is  not  rotated  on  its  axis,  it  is 
moved  from  a  field  in  which  positive  lines  of  force  enter 
one  side  to  a  field  in  which  negative  lines  of  force  enter 
the  same  side  ;  and.  though  the  absolute  number  of  lines 


may  be  the  same  in  both  cases,  a  change  from  positive  to 
negative  lines  is,  in  reality,  decrease,  while  a  change  from 
negative  to  positive  lines  of  force  is  an  increase. 

We  are  in  a  position  now  to  see  clearly  that,  to  make  a 
machine  to  produce  electricity,  the  only  thing  necessary 


is  to  mount  a  coil  between  the  poles  of  a  magnet  and  re- 
volve it ;  in  other  words,  to  make  some  such  apparatus 
as  that  shown  in  fig.  9. 

But  a  difficulty  presents  itself  here,  for,  as  a  slight  con- 
sideration will  show,  the  current  produced  will  be  in  one 
direction  during  one-half  a  revolution  and  in  the  other 
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direction  during  the  other  half.  To  see  this  clearly,  let 
us  follow  the  coil  through  one  revolution. 

In  the  position  shown,  the  coil  evidently  embraces  the 
greatest  possible  number  of  lines  of  force  that  run  from 
the  nortli  to  the  south  pole,  because  its  plane  is  perpen- 
dicular to  their  direction.  If,  now,  we  rotate  the  coil 
through  one-quarter  of  a  revolution,  its  plane  will  then 
lie  parallel  to  the  lines  of  force  but  will  embrace  none 
whatever,  so  that  during  this  quarter  revolution  the  num- 
ber of  lines  embraced  has  decreased,  and.  therefore,  a  cur- 
rent must  traverse  the  wire  in  a  certain  direction.  If  the 
revolution  be  continued,  the  coil  (looking  at  the  same 
side)  will  begin  to  embrace  lines  of  force  coming  from  the 
south  pole,  and,  as  these  are  negative  lines  of  force  and 
increase  in  number  as  the  revolution  progresses,  the  cur- 
rent produced  in  the  coils  will  continue  in  the  same  direc- 
tion, because,  as  explained  abore,  increase  of  negative 
lines  of  force  has  the  same  effect  as  decrease  of  positive 
lines.  When  the  second  quarter  revolution  has  been  com- 
pleted the  coil  will  stand  in  a  position  the  reverse  of  that 
shown,  and  it  will  embrace  (looking  at  the  same  side  of 
the  coil)  the  greatest  possible  number  of  negative  lines. 
Continuing  the  revolution,  we  see  that  the  number  of 
negative  lines  will  at  once  begin  to  decrease,  so  that  the 
current  will  now  be  reversed,  and  this  will  continue  until 
theend  of  the  third  quarter,  when  the  plane  of  the  coil  will 
lie  parallel  to  the  lines  of  force  and  embrace  none  what- 
ever; and  it  will  also  continue  during  the  fourth  and 
last  quarter  revolution,  during  which  the  coil  will  em- 
brace an  increasing  number  of  positive  lines,  until  it 
reaches  the  original  position  shown,  when  it  will  again 
embrace  the  maximum  number  of  positive  lines.  The 
same  succession  of  phenomena  will  clearly  follow  every 
succeeding  revolution,  and  an  alternating  current  will  be 
generated,  being  in  one  direction  during  the  first  half  of 
each  revolution  and  in  the  opposite  direction  during  the 
latter  half. 

To  make  these  alternating  currents  produce  a  contin- 
uous current  in  a  wire  1  "he  machine,  the  simple 


Fig.  10. 

device  shown  in  fig.  10  and  called  a  "commutator"  was 
invented,  in  which  the  interior  portion  indicates  the  shaft 
carrying  the  coil,  the  curved  lines  indicate  two  brass  seg- 
ments separately  secured  to  the  shaft,  and  the  two  straight 
lines  represent  brass  stops  or  "  brushes,"  which  press  upon 
these  segments.  The  two  ends  of  the  coil  are  connected 
respectively  to  the  two  brass  segments,  while  the  two  ends 
of  the  outside  wire  are  connected  respectively  to  the  two 
brass  "  brushes ;"  and,  as  these  brushes  are  stationary  while 
the  shaft  revolves,  the  brushes  interchange  segments  twice 
in  each  revolution,  so  that  just  as  the  current  coming  into 
one  brush  from  one  segment  is  about  to  change,  the  other 
segment  comes  under  the  brush;  therefore,  the  current 
given  to  the  brush  is  always  in  the  same  direction,  though 
the  current  in  the  revolving  coil  continues  to  alternate. 
(to  be  continued.) 


METALLIC   TIES   ON   EUROPEAN  RAILROADS. 

The  second  question  on  the  programme  of  the  Inter- 
national Railroad  Congress  at  Milan  is  as  follows :  "  What 
conclusion  can  be  drawn  from  the  double  point  of  view 
of  economy  and  of  technical  success,  of  the  latest  results 
obtained  by  the  use  of  metallic  ties  ?  " 

In  answer  to  this  question,  four  documents  have  been 
submitted,  an  analysis  ot  which  has  been  made  by  M.  A. 
M.  Kowalski,  Chief  Engineer  of  the  Bone-Guelme  Line 
in  Algeria.     The  documents  are  : 

1.  A  report  of  the  company  operating  the  Netherlands 
State  Railroads. 

2.  A  note  from  the  Eastern  Railroad  of  France. 

3.  A  note  from  the  administration  of  the  Belgian  State 
Railroads. 

4.  A  report,  with  map,  of  the  French  Ministry  of  Pub- 
lic Works. 

A  summary  of  these  documents  is  given  below  : 

I,   THE   NETHERLANDS   STATE   RAILROAD. 

The  note  of  the  Netherlands  State  Railroad  Company 
gives  experience  for  22  years.  In  1865,  this  company  put 
on  the  Deventer-ZwoUe  line  10,000  metallic  ties  of  the 
Cosijn  system,  consisting  simply  of  a  rolled  iron  beam  of 
an  H  form  laid  flat,  measuring  2.70  meters  in  length  and 
20  centimeters  in  breadth,  and  weighing  56.7  kilometers 
each  ;  the  rail  of  iron,  weighing  38  kilogrammes  to  the 
meter,  was  placed  upon  oak  blocks  raised  on  this  tie  and 
having  an  inclination  of  i  in  20.  The  rail  was  fastened 
simply  by  bolts.     This  system  is  shown  in  fig.  i. 

This  tie,  although  somewhat  primitive  and  not  present- 
ing any  of  the  qualities  which  are  now  considered  essen- 
tial for  metallic  ties,  has  done  excellent  service.  Al- 
though the  traffic  is  quite  large,  amounting  from  12  to  16 
trains  a  day.  after  22  years  of  service  there  still  remain  in 
the  track  9,547,  or  95)^  per  cent.,  of  the  10,000  originally 
laid. 

In  18S0,  this  company,  encouraged  by  the  success  of  the 
preceding  experiment,  decided  to  undertake  a  careful 
study  of  the  question  of  metallic  ties,  profiting  each  year 
by  the  results  obtained  to  introduce  new  improvements. 
(some  account  of  the  experiments  undertaken  by  this 
company  was  given  in  the  Railroad  and  Engineering 
Journal  for  August  last,  page  365.) 

The  note  furnished  by  this  company  giv°s,  in  detail, 
the  programme  of  these  experiments,  which  have  resulted 
from  1881  up  to  January  i,  1887,  in  putting  in  the  track 
of  124,000  metallic  ties  of  9  different  types. 

The  weight  of  the  ties  has  been  continually  increased  ; 
from  40  kilogrammes  for  those  used  in  1881,  which  were 
of  rolled  iron,  it  has  increased  to  50  kilogrammes  in  1883, 
for  a  steel  tie  and  10  55  kilogrammes  in  those  last  tried, 
which  are  of  steel,  rolled  to  a  varying  profile  and  thick- 
ness. 

The  system  which  the  company  has  finally  adopted  is 
that  designed  bv  its  Chief  Engineer  of  Maintenance  of 
Way,  M.  Post.  'This  tie  is  of  the  type  shown  in  fig.  2.  It 
presents  with  a  few  modifications,  which  practice  has 
caused  to  be  adopted,  the  following  characteristics  : 

Material,  mild  steel.  Form,  section  of  U  reversed,  of 
variable  width;  the  ends  bent  down.  Length.  2.55  to 
2.65  meters  (8J  to  S'/i  ft.).  Weight,  50 to  55  kilogrammes 
(iioto  121  lbs.).  Fastenings — bolts  and  nuts  of  steel  with 
eccentric  heads,  giving  about  16  millimeters  of  bearing  ; 
stop-washers  interposed  between  the  bolts  and  the  nuts. 
The  weight  of  the  fastenings  is  about  3.5  kilogrammes 
(7>^  lbs.) 

Disposition  of  ties  :  10  ties  to  the  length  of  one  9-meter 
rail,  or  13  to  a  12-meter  rail ;  rails  weighing  from  33.7  to 
40  kilogrammes  to  the  meter.  Ballast— sand,  cinders  and 
gravel. 

Weight  of  locomotives,  5010  68  tons;  maximum  weight 
on  the  axle,  14  tons;  maximum  speed  of  trains,  75  kilo- 
meters an  hour. 


Vol.  LXI.  No.  n.l 


ENGINEERING   JOURNAL. 


506 


Fig.  I 


-4 


Fig.  2. 


TYPES   OF   STEEL  TIES   USED   IN   EUROPE. 


Fi£.  5 


Fig.  6 


=\ 


507 


THE    RAILROAD    AND 


November,  1887. 


Maximum  radius  of  curvature,  350  meters  (1,148  ft.) 
Maximum  grade,  0.016. 

Price  of  the  ties, 1 10  (rancs  per  ton  at  the  mill,  or  s}i  to 
6  francs  per  tie  and  i  franc  for  the  fastenings. 

Fig.  3  shows  the  method  of  fastening  adopted  with  the 
Post  tie. 

The  practical  results  obtained  with  ties  placed  under 
these  conditions  are  given  in  the  company's  note  under 
the  form  of  extensive  statistical  tables,  which  can  be 
summed  up  as  follows  : 

1.  The  maintenance  of  track  upon  the  metallic  ties 
is  easier  than  on  wooden  ones,  especially  after  two  or 
three  years.  The  company  estimates  that  after  three 
years  a  gang  of  four  men.  working  250  days  in  the  year 
and  having,  therefore,  50  days  to  spare  for  other  work, 
can  keep  in  good  condition  8  kilometers  of  track  on  the 
Post  ties. 

2.  The  stability  is  much  greater;  the  line  and  surface 
of  the  rails  is  much  better  maintained. 

3.  When  the  ties  are  closed  at  the  end,  as  in  the  Post 
pattern,  there  is  no  lateral  displacement  of  the  track. 

4.  Mild  steel  is  much  better  for  ties  than  rolled  iron. 
The  company  considers  it  best  to  anneal  the  ties  after 
the  ends  have  been  flanged  or  bent,  without,  however, 
considering  this  indispensable. 

5.  The  fish-joints  give  good  results. 

6.  The  ballast  packs  down  in  the  reversed  b->wl  or  cup 
which  forms  the  interior  of  the  tie  and  resists  all  move- 
ment. 

II.   THE   EASTERN    RAILROAD   OF    FRANCE. 

The  Eastern  Railroad  Company  of  France  has  recently 
begun  to  try  a  system  of  metallic  ties,  invented  by  M. 
Gillaume.  Chief  Engineer  of  the  Company.  This  tie  is 
composed  of  an  iron  beam  the  shape  of  a  reversed  U 
spread  out  somewhat  at  the  base  and  turned  down  at  the 
ends  in  order  to  resist  lateral  displacement.  It  is  of  a 
regular  prismatic  form.  The  rail  is  placed  upon  the  ties 
on  blocks  of  compressed  wood,  having  an  inclination  of 
I  in  20.  It  is  fastened  by  steel  clamps  which  take  hold  of 
the  vertical  surface  of  the  tie.  These  clamps  can  be  un- 
fastened in  such  a  way  that  the  tie  may  be  taken  out  with- 
out moving  the  rail. 

The  tie  proper  weighs  78  kilogrammes;  the  fastenings, 
8.4  kilogrammes,  a  total  of  S6.4  kilogrammes  (190  lbs.). 

The  experience  of  the  Eastern  Company  is  still  of  too 
short  duration  to  enable  its  officers  to  form  definite  con- 
clusions, and  especially  computing  the  comparative  ex- 
pense of  maintenance  with  metallic  ties  or  with  wooden 
ties.  Nevertheless,  it  can  already  be  said  that  the  results 
gained  are  satisfactory.  The  track  is  solid  and  does  not 
require  special  care.  The  advantages  which  this  com- 
pany has  recognized  in  this  system  of  ties  are  as  follows: 

1.  The  point  of  resistance  on  the  ballast  is  placed  very 
low. 

2.  The  tie  accommodates  itself  to  all  kinds  of  ballast. 

3.  There  is  no  contact  between  the  foot  of  the  rail  and 
the  metal  of  the  tie,  which  avoids  all  corrosion  or  rusting. 

4.  The  system  of  attachment  is  simple  and  requires 
neither  rivets  nor  bolts. 

5.  The  Eastern  Company,  nevertheless,  estimates  that, 
by  reason  of  the  long  period  of  service  which  it  obtains 
from  its  ties  of  creosoted  oak  (a  period  which  is  averaged 
at  about  25  years),  the  substitution  of  metal  for  wood  does 
not  present  any  peculiar  advantages. 

III.   THE   BELGIAN   STATE    RAILROADS. 

The  management  of  the  Belgian  State  railroads  has 
sent  to  the  Commission  a  note  giving  the  history  of  num- 
erous failures  which  have  attended  the  trial  of  metallic 
ties  on  these  roads  from  1846  to  18S5. 

The  continued  unfavorable  results  shown  by  this  note 
would  lead  one  to  adopt  a  conclusion  adverse  to  the  use 
of  metallic  ties,  were  it  not  that  the  different  trials  under- 
taken on  this  road  show  that  the  failures  resulted  either 
from  inherent  faults  in  the  different  systems  tried  or  from 
faults  in  the  material.  It  may  also  be  said  that  none  of 
these  trials  have  been  continued  through  periods  sutTic- 
iently  long  to  give  real  definite  results. 


I  It  appears,  indeed,  that  the  management  of  the  Belgian 
State  railroads  has  not  seen  fit  to  condemn  the  principle 

I  of  metallic  ties  altogether,  since  it  decided,  in  1885,  to  put 
into  use  75,000  such  ties  of  3  new  types.  In  this  number 
are  included   35,000  of  the   Post  system,  very  much  the 

i  same  as  those  used  on  the  Netherlands  State  Railroad  ; 
35,000  of  the  system  devised  by  M.  Braet,  Chief  Engineer 
of  track  and  bridge  of  the  State  Railroads,  which   is  very 

I  similar  to  the  Post  type,  but  somewhat  wider  and  with 
deeper  flanges  ;  5,000  of  the  system   devised   by   M.  Ber- 

i    nard.  Engineer  of  Maintenance  of  the  Northern  Railroad 

!  of  Belgium.  This  third  type  is  composed  of  two  channel 
irons  placed  parallel  at  a  distance  of  188  millimeters  apart, 
united  at  their  bases  by  two  iron  plates  placed  at  the  end 
and  fastened  by  rivets  in  sucli  a  way  as  to  form  a  hollow 
trunk  which  is  tilled  in  with  ballast  and  thus  increases  the 

!  resistance.  The  rail  rests  upon  a  chair,  giving  the  incli- 
nation of  1  in  20,  and,  at  the  same  time,  securing  it  to  the 
two  channel  irons.     The  fastening  is  made  by  bolts  and 

j    nuts,  which,  at  the  same  time,  fix  the  chair  to  the  tie. 

I  The  lower  face  of  the  nut  rests  upon  an  elastic  washer. 
The  weight  of  the  tie  with  the  chairs  is  105  kilogrammes 

I  (231  lbs.) ;  the  plates  at  the  end  are  40  centimeters  long. 
With  this  system,  S  ties  are  used  in  each  rail  of  7  meters 
in  length.  Figs.  4  and  5  show  this  Bernard  tie  and,  on  a 
larger  scale,  the  rail  fastenings  used  with  it. 

j  IV.   THE   FRENCH    MINISTRY  OF   PUBLIC   WORKS. 

I       The  Ministry  of  Public  Works  of   France  has  sent  to 
'   the   Commission  an  elaborate  work  by  M.  Brika,  Chief 
j    Engineer  of  track  and  bridges  for  the  French  State  Rail- 
i    roads.     This  report  is  divided  into  three  parts ;  the  first 
giving  an  account  of  the  general  development  of  metallic 
ties,  since  their  first  introduction,  and  the  second  describ- 
ing the  different  types  of  ties  which  have  been  used  and 
the  different  methods  of  fastening  the  rail,  and  the  third 
giving  some  account  of  the  extent  to  which  they  have 
been  introduced  into  France.     The  larger  number  of  ties 
used  in  France  have  been  of  the  Vautherin  type  (shown 
in  fig.  6)  or  modifications  of  it. 

GENERAL  CONCLUSIONS. 

The  documents  which  have  been  analyzed  as  above  are 
the  only  ones  on  this  question  which  have  been  addressed 
to  the  International  Commission.  In  order  to  complete 
its  work  and  to  make  possible  comparisons  between  the 
results  obtained  on  different  railroadsand  underdiflerent 
conditions,  the  Commission  has  addressed  questions  to  a 
number  of  Managements,  but  a  resume  of  the  answers 
given  in  the  table  annexed  to  the  report  contains  little 
that  is  new. 

The  question  of  the  use  of  metallic  ties  was  the  subject 
of  a  long  discussion  before  the  first  section  of  the  Con- 
gress held  at  Brussels,  and  the  conclusions  reached  by 
that  section  were  again  discussed  before  the  full  Con- 
gress, where  the  opinions  of  both  parties— those  who  ad- 
vocated metallic  ties  and  those  who  advocated  wooden 
ties — were  put  forward  in  the  best  possible  manner.  The 
conclusions  of  the  Congress  were,  in  substance,  as  fol- 
lows : 

"  I.  The  Congress  is  of  the  opinion  that  track  on  metal- 
lic ties,  considered  from  a  technical  point  of  view,  can  sus- 
tain a  comparison  with  track  on  wooden  tics  quite  as  well 
on  lines  of  the  heaviest  traffic  as  on  those  of  light  traffic. 
From  the  financial  point  of  view  no  general  comparison 
is  yet  possible,  but  a  comparison  must  be  made  in  each 
particular  case,  taking  account  of  the  price  of  materials, 
the  cost  of  maintenance  and  the  probable  duration.  The 
result  of  this  comparison  will  show  which  type  of  tie  is  to 
be  preferred  in  each  case. 

"  2.  The  Congress  is  of  opinion  that  for  trunk  lines  of 
heavy  traffic  and  for  military  or  strategic  lines  a  metallic 
tie  should  be  used  heavier  and  more  strongly  made  than 
that  which  can  be  employed  on  branch  and  secondary 
lines,  especially  when  there  is  no  probability  that  these 
secondary  lines  are  likely  to  become  traffic  lines  in  the 
near  future.  In  this  casethe  cost  of  metallic  ties  for  sec- 
ondary lines  will  be  very  much  less  than  is  necessary  to 
expend  on  the  trunk  lines. 
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"  In  relation  to  the  best  form  and  dimensions  of  the 
metallic  tie.  the  Congress  is  of  the  opinion  that  the  re- 
sults obtained  from  experience  are  not  yet  sufficiently 
conclusive  to  justify  it  in  recommending  one  type  to  the 
exclusion  of  all  the  others." 

Since  the  last  meeting  of  the  Congress  several  com- 
panies have  manifested  much  interest  in  this  question. 
These  companies  have  reported  new  ties  laid  of  different 
patterns,  either  on  trial  or  as  an  extension  of  previous 
use,  as  follows : 

Eastern  Railroad  of  France,  on  trial,  5,000  of  the  Paulet 
system;  10,000  of  a  type  slightly  changed  from  the  Van- 
therin  system  and  20,000  of  the  Post  system.  This  com- 
pany is  also  about  to  make  a  trial  of  5.000  ties  of  a  now 
system,  of  steel.  The  Northern  Railroad  Company  of 
France  has  put  down  on  trial  15,000  iron  ties  of  the  old 
box  type,  and  has  ordered  10,0000  of  the  same  system 
with  some  slight  modifications.  The  Algerian  Railroad 
has  put  down  in  renewals  20,000  of  the  Hilf  system.  The 
trials  on  the  Belgian  State  Railroads  and  the  Nether- 
lands State  Railroads  have  been  noticed  before.  It  may 
also  be  said  that  trials  of  metallic  ties  in  small  numbers 
are  being  made  on  the  Swedish  State  Railroads,  on  the 
Hungarian  State  Railroads,  on  the  Midland  and  on  the 
Eastern  roads  in  England  and  on  several  of  the  Spanish 
lines.  In  Germany,  it  is  reported  that  184,000  ties,  mostly 
of  the  Post  system,  have  been  laid  on  different  lines  dur- 
ing the  past  two  years,  and  in  the  Argentine  Republic 
(where  wood  is  scarce  and  costlyj  112,000  ties  of  iron  of 
the  inverted  U  shape  have  been  put  in  use. 

As  sub-issues  or  minor  arguments  in  favor  of  the  use 
of  metallic  ties  which  may  be  taken  into  account  in  de- 
ciding upon  their  use,  it  is  noted  that  the  Paris,  Lyons  & 
Mediterranean  Company  estimates  that  the  use  of  metal- 
lic ties  on  the  .-Mgerian  lines  has  enabled  it  to  save  about 
one-quarter  of  the  labor  required  for  maintenance.  The 
Chief  Engineer  of  this  Company  estimates  the  saving  at 
about  500  francs  per  kilometer  per  year  (§155  per  mile). 
It  is  also  noted  that  on  the  short  line  which  a  French 
Company  is  building  in  Senegal,  on  the  coast  of  Africa, 
it  has  been  found  necessary  to  use  metallic  ties,  as  ties  of 
the  best  oak  brought  from  Europe  were  destroyed  by 
white  ants  in  less  than  three  months.  In  these,  as  in 
many  other  cases,  however,  the  question  of  the  use  of 
wood  or  metal  must  be  decided  wholly  by  local  circum- 
stances. 


LOCOMOTIVE-BOILER    EXPLOSIONS   ON    BRIT- 
ISH RAILROADS. 

The  reports  of  the  Inspectors  of  the  British  Board  of 
Trade  have  usually  been  fairly  full  and  complete  on  loco- 
motive-boiler explosions.  Accidents  of  that  class  are, 
indeed,  generally  of  considerable  importance  in  their  re- 
sults, almost  invariably  causing  loss  of  life,  or  at  least 
serious  injury,  to  persons,  and  much  destruction  of 
property.  They  are,  moreover,  not  of  very  frequent  oc- 
currence and  do  not  come  to  be  accepted  and  passed  over 
as  a  matter  of  course,  like  some  other  kinds  of  accidents. 

A  summaPi-  of  the  Inspectors'  reports  on  the  explosions 
of  locomotive  boilers,  as  made  to  the  Board  of  Trade  for 
a  series  of  years,  may  therefore  be  expected  to  show  some 
interesting  facts,  and,  perhaps,  to  throw  incidentally  some 
light  on  doubtful  or  disputed  points. 

Such  a  summary  is  begun  below,  and  will  be  continued 
up  to  the  present  time  in  following  numbers  of  the  Jounal. 

The  Inspectors'  reports,  as  has  been  heretofore  noted, 
are  made  by  experts  who  are  continually  employed  in  this 
work,  and  who  are,  moreover,  invested  by  law  with  power 
to  examine  witnesses  and  use  other  methods  of  arriving 
at  the  causes  of  accidents.  They  possess,  therefore,  not 
only  an  official  character,  but  also  the   weight  attaching 


to  experience  and  knowledge  of  the  subject  of  which  they 

treat. 

l.NSPKl   rOKS'     KEPORTS. 

March  6,  1853,  the  boiler  of  a  locomotive  on  the  Lon- 
don &  Northwestern  exploded  in  the  engine-shed  at  Long- 
sight,  killing  6  persons  who  were  on  or  about  the  engine. 
The  engine  had  been  under  repair  and  was  just  ready  to 
go  out  for  the  first  time.  The  fire  was  lighted  early  in 
the  morning,  and  just  before  the  explosion  steam  had  been 
blowing  off  slightly.  The  safety  valve  was  said  to  have 
been  set  at  70  lbs.  The  explosion  was  confined  to  the 
rear  end  of  the  boiler  around  the  fire-box,  the  barrel  and 
tubes  remaining  intact,  and  its  effects  were  chiefly  on  the 
left  side.  The  outer  iron  shell  was  entirely  torn  off; 
a  piece  3  ft.  by  4  ft.  was  blosvn  out  of  the  left  side,  draw- 
ing with  it  the  iron  slays  out  of  the  copper  fire-box,  into 
which  they  were  screwed.  The  driving-wheel  on  that  side 
was  blown  off.  the  axle  breaking  at  the  crank.  The  whole 
of  the  boiler  plate,  over  the  crown-sheet  of  the  fire-box, 
was  torn  off  and  doubled  up  in  the  form  of  an  S.  The 
engine  was  a  light  one  and  had  for  several  years  been  used 
chiefly  as  a  pilot  engine,  not  being  heavy  enough  for  the 
ordinary  trains.  The  boiler  barrel  was  of  -j'^E-in.  iron 
plates,  42-in.  diameter  and  8  ft.  long,  with  149  tubes,  IJ^ 
in.  diameter.  The  outer  fire-box  (which  gave  way)  was  of 
iron,  ^-in.  plates  and  42  by  50  in.  The  water-spaces  were 
2'/i  in.  wide,  and  the  fire-box  was  of  copper,  'the  engine 
was  built  in  1840,  and  in  1842  had  33  new  fire-box  stays 
put  in;  in  1846,  a  new  set  of  tubes.  It  does  not  appear, 
however,  that  the  fire-box  had  ever  been  removed  in  13 
years.  The  Inspector  found  the  copper  fire-box  in  good 
condition  and  very  little  reduced  by  wear.  The  outer 
iron  shell,  however,  was  found  pitted  by  corrosion  in 
many  places  and  eaten  awav  in  rings  around  the  stay- 
bolts.  The  stay-bolts  were  extraordinary  specimens  of 
corrosion,  being  thickly  incrusted  with  oxide  in  some 
parts  and  in  others  greatly  reduced  in  thickness.  Most 
of  these  stays  remained  attached  to  the  iron  plate  and 
were  drawn  out  of  the  copper,  but  a  few  remained  with 
the  copper,  and  some  were  broken  off.  It  was  also  found 
that  1 1  of  the  tubes  were  nearly  choked  w-ith  a  deposit  of 
sulphate  of  lime.  The  Inspector  does  not  think  that  there 
was  any  extraordinary  or  unusual  pressure  on  the  boiler, 
but  believes  the  explosion  to  be  due  to  the  corrosion  of 
the  outer  sheet  and  tiie  weakening  of  the  stays  from  the 
same  cause. 

March  17,  1853,  the  boiler  'fa  locomotive  on  the  Lon- 
don. Brighton  &  South  Coast  road  exploded  at  Brighton 
while  the  engine  was  waiting  to  go  out  with  a  train.  The 
engine  had  come  the  day  before  from  the  shops,  where  it 
had  received  slight  repairs,  and  while  there  the  fire-box 
casing  had  been  taken  off  and  the  fire-box  examined  and 
found  all  right.  The  evidence  was  that  the  boiler  had 
plenty  of  water  a  few  minutes  before  the  explosion.  There 
were  two-safety-valves,  one  on  the  dome,  the  other  on 
the  fire-box  ;  both  were  set  at  80  lbs.  in  the  shop,  but  it 
is  said  that  the  driver  had  screwed  the  dome  valve  down 
to  100  lbs.  The  valves  were  both  blowing  just  before  the 
explosion.  The  engine  was  a  small  tank  engine  with  12 
by  i8-in.  cylinders,  one  pairof  drivers  166  in.;  and  leading 
and  trailing  wheels  42  in.  diameter.  The  boiler-barrel 
was  40  in.  diameter  and  8  ft.  long,  with  101  tubes,  2  in. 
diameter.  It  was  built  in  1840,  had  new  tubes  in  1S44  and 
a  new  fire-box  in  184S,  The  explosion  tore  open  the  bar- 
rel, and  several  pieces  of  iron  were  torn  out  from  the 
sheets.  The  fire-box  was  bent  out  of  shape,  but  not  lorn, 
and  most  of  the  stays  were  good.  The  plates  (iron)  were 
found  to  be  generally  full  j',-,  '"•■  but  in  some  places  were 
reduced  by  slight  corrosion  to  ^4  in.  The  boiler  was 
made  of  four  plates  carried  lengthwise  along  the  boiler 
and  single-riveted.  The  original  thickness  of  the  plates 
was  fs  in.  in  the  barrel  and  -jV  in.  in  the  outer  fire-box. 
The  Inspector  thinks  that  the  explosion  was  due  to  weak- 
ening of  the  plates  by  corrosion  and  to  excessive  pressure  ; 
he  also  thinks  that  the  construction  and  design  of  the 
boiler  was  not  of  the  best  class. 

January  8,  1854.  the  boiler  of  a  locomotive  on  the  Mid- 
land Railway  exploded  near  Bristol.  The  train  (freight) 
had  stalled  on  a  grade,  and  the  engine  was  just  preparing 
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to  go  on  with  part  of  it  when  the  explosion  took  place. 
The  engineer  and  fireman  hardly  heard  it,  although  a  loud  ' 
noise  was  heard  by  people  some  distance  away.  The 
boiler  ripped  open  along  a  line  near  the  top,  the  dome 
and  part  of  the  shell  being  torn  off  and  thrown  nearly  a 
quarter  of  a  mile  away.  The  engine  was  about  nine  years 
old;  it  had  16  by  21-in.  cylinders  and  si.x-coupled  wheels, 
60  in.  diameter.  The  fire-bo.x  heating  surface  was  72  and 
the  tubes  750  sq.  ft.  There  were  two  safety-valves,  3]  j;  in. 
diameter.  The  Inspector  found  that  the  boiler  was  in 
good  condition,  and  thought  this  a  clear  case  of  low 
water  and  too  rapid  generation  of  steam,  the  top  of  the 
fire-bc.x  being  probably  heated  red-hot. 

In  connection  with  this  accident  the  Inspector  adds  :    I 
"  In  considering  the  explosion  I   was  led  to  make  some    [ 
experiments  to  determine  what  is  the  smallest  aperture 
requisite  for  a  safety-valve.     In  the  engine  experimented    1 
on,  the  area  of  the  heating  surface  of  the  fire-box  was  162 
sq.  ft.;  tube  surface,  1,757  sq.  ft.;  making  a  total  of  1,919 
sq.  ft.     The  grate   area  was  25.47  sq.  ft.     The  pressures 
were  shown  by  a  Bourdon  pressure  gauge.     The  area  of 
the  orifice  required  to  keep  the  steam  in  the  boiler  at  a 
given  pressure  was : 


action,  though  feeble,  would,  if  continued  for  several 
years,  be  sufficient  to  explain  the  corrosion  of  the  plates. 
April  5,  1855,  the  boiler  of  a  locomotive  on  the  Caledo- 
nian road  exploded  while  the  engine  was  standing  in  the 
shed  at  Greenock.  The  engine  was  seven  years  old  and 
had  run  about  227,000  miles  in  all ;  the  boiler  barrel  was 
42  in.  diameter  and  10  ft.  long,  of  ^-in.  iron,  in  three 
plates,  each  forming  a  ring,  and  the  rivet  lines  breaking 
joints.  The  engine  was  lifted  by  the  explosion  and 
thrown  over  on  its  side ;  two  men  in  the  shed  were 
scalded.  The  boiler  gave  way  near  the  bottom,  where 
there  was  a  line  of  corrosion  very  similar  10  that  described 
in  the  Ar/n-oti  case  above.  The  appearance  of  the  plate 
in  sectifin  is  shown  in  the  accompanying  diagram,  in  which 


••  Hence,  the  area  diminishes  ;is  the  pressure  increases. 
I  have  assumed  the  following  formula  from  these  results, 
in  which  is  included  the  grate  area  (G),  the  fire-box  heat- 
ing surface  (S).  the  pressure  of  steam  fP)  and  a  constant 
quantity  (C)  derived  from  these  experiments.  I  have 
omitted  the  tube  heating  surface,  because  the  experiments 
were  made  when  the  engine  was  at  rest  and  the  tube  sur- 
face comparatively  inactive  ;  besides,  the  safety-valves  are 
intended  to  provide  for  the  safety  of  a  boiler  at  rest. 
Then,  if  D=the  diameter  of  aperture  of  valve,  the  for- 
mula will  be  : 

D=    ^    X  C 
PG 

"  If  it  be  assumed  that  the  valve  is  lifted  -,V  in.  to  admit 
of  the  escape  of  steam,  and  making  use  of  the  data  de- 
rived from  the  experiments;  and  if  D  be  in  inches,  S  and 
G  in  feet  and  F  in  pounds,  the  constant  C  may  be  taken 
as  51." 

February  7,  1825,  the  boiler  of  the  engine  Actawi  on 
the  Great  Western  Railway  exploded  at  Gloucester.  The 
train  had  stopped  at  that  station,  and  the  engine  had  put 
two  cars  on  a  siding  and  was  backing  up  to  the  train 
when  the  explosion  took  place;  the  engineer  had  just 
shut  off  steam.  The  effect  of  the  explosion  was  to  blow 
off  both  safety  valves,  throwing  them  some  90  ft.  away. 
The  iron  ring  of  the  foot-stay,  weighing  about  100  lbs. 
was  thrown  900  ft.  and  then  broke  through  the  wall  of  a 
house.  The  bottom  half  of  the  boiler  barrel  was  forced 
down  and  broke  the  driving-axle,  while  the  upper  half  of 
the  barrel  was  blown  off  in  one  piece,  which  measured 
about  8^  by  6'^  ft.  and  weighed  nearly  700  lbs.  The 
engine  was  built  in  1841  and  was  thoroughly  overhauled 
and  new  tubes  put  in  in  1850.  The  mileage  with  the  first 
set  of  tubes  was  150,939;  with  the  second,  106,433.  The 
barrel  of  the  boiler  was  8  ft.  6  in.  long  and  was  of  vV.-in. 
iron  in  four  plates,  each  about  2  ft.  wide,  bent  lengthwise 
around  the  cylinder,  but  not  breaking  joints.  An  exam- 
ination showed  the  inside  of  the  bottom  plates  to  be 
deeply  pitted  with  many  small  indentations,  and  along 
the  seam  on  the  right-hand  side  there  was  a  deep  channel 
eaten  away,  reducing  the  thickness  of  the  plate  at  some 
points  to  0.1  in.  As  the  explosion  started  at  this  point, 
the  conclusion  was  reached  that  the  explosion  was  caused 
by  the  plate  being  so  much  reduced  in  thickness  that  it 
was  no  longer  able  to  withstand  the  pressure. 

This  case  being  referred  to  Professor  Tyndall  for  his 
opinion,  he  replied  that  the  corrosion  was  very  probably  due 
to  electric  action  caused  by  the  iron  shell  and  brass  tubes. 
From  the  action  of  this  voltaic  couple,  some  decomposi- 
tion of  the  water  would  take  place,  hydrogen  being  lib- 
erated against  the  brass  and  oxygen  (acid  also,  if  the  water 
contained  salts  in  solution)  against  the  iron  plates.     This 


A  B  is  the  line  of  fracture.  As  far  as  could  be  seen  the 
bottom  of  the  boiler  was  badly  pitted.  The  remarkable 
point  in  this  case  was  that  there  was  a  line  of  indentation 
or  corrosion  on  the  outside  of  the  plate,  corresponding 
to  that  on  the  inside.  The  explosion  was  attributed  to 
the  weakening  of  the  plate  by  corrosion. 

April  5,  1855,  the  boiler  of  a  locomotive  on  the  London 
&  Northwestern  exploded  in  the  shed  at  Rugby.  The 
entire  cylindrical  cover  was  torn  off,  one  piece,  weighing 
1,000  lbs.,  being  thrown  a  distance  of  750  ft.  The  boiler, 
so  far  as  could  be  ascertained,  was  in  good  order  and  the 
iron  of  good  quality.  The  only  cause  for  the  explosion 
that  could  be  ascertained  was  that  a  careless  or  ignorant 
helper  in  the  shed  had  screwed  down  the  sa  ety-valve, 
allowing  the  pressure  in  the  boiler  to  become  excessive. 
The  foreman  in  the  shed  was  censured  for  allowing  such 
a  thing  to  be  done. 

July  14.  1855,  a  locomotive  on  the  North  London  Rail- 
way exploded  its  boiler  while  standing  at  the  Camden 
Town  Station.  The  barrel  of  the  boiler  was  torn  off,  leav- 
ing the  tubes  exposed.  The  examination  showed  that 
the  throat-sheet,  connecting  the  barrel  with  the  outside 
fire-box,  was  very  defective,  showing  signs  of  bad  weld- 
ing, and  that  this  plate  had  been  further  damaged  by 
bending  into  shape.  The  plate  was  ;'s  in.  thick,  and  the 
explosion  was  undoubtedly  due  to  its  failure. 

July  2,  1855,  the  boiler  of  a  six-wheel-coupled  freight 
engine  on  the  South  Yorkshire  line  exploded  while  the 
engine  was  standing  at  Aldam,  or,  to  describe  it  more 
correctly,  the  crown-sheet  of  the  fire-box  collapsed.  From 
examination,  it  appeared  that  this  was  a  case  of  low  water, 
the  crown-sheet  failing  because  of  overheating. 

April  7,  1S56,  the  boiler  of  a  locomotive  on  the  Cale- 
donian line  exploded  when  the  engine  was  near  Carlisle. 
The  engine-driver  and  fireman  were  killed.  This  was  the 
rare  case  of  a  boiler  exploding  while  the  engine  was  run- 
ning. Tne  crown-sheet  of  the  fire-box  gave  way,  and  the 
engine  was  lifted  up  from  the  track  and  turned  over  six 
times.  As  both  men  on  the  engine  were  killed  and  the 
engine  itself  almost  completely  demolished,  the  examina- 
tion into  this  case  was  attended  with  difficulties.  The 
conclusion  finally  reached  was  that  there  was  excessive 
pressure,  probably  due  to  the  fire-box  crown  becoming 
red-hot  on  account  of  low  water,  and  the  consequent 
sudden  evolution  of  a  large  volume  of  steam  of  high 
pressure. 

November  11,  1856,  a  locomotive  on  the  Blyth  &  Tyne 
road  exploded  its  boiler  while  standing  in  the  yard.  The 
engine  was  a  very  old  one,  used  for  shifting,  and  the 
boiler  was  of  an  antiquated  pattern  with  a  return  flue  and 
combustion  chamber.  It  was  probably  a  case  of  old  age 
and  complete  wearing  out. 

January  19,  1857,  the  boiler  of  a  locomotive  attached  to 
a  ballast  train  on  the  Lancashire  &  Yorkshire  road  ex- 
ploded while  the  train   was  standing  on   the  track  near 
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Sough.  Nearly  the  whole  of  the  segmental  portion  of  the 
back  end  was  blown  out.  tearing  out  9  of  the  /s-in.  stay- 
bolts  which  attached  the  back  sheet  to  the  fire-box.  The 
sheet  which  gave  way  was  originally  ^s  in.  thick  and  was 
worn  down  to  -(•f,  in.  There  was  also  evidence  that  the 
longitudinal  stays  were  inoperative.  The  original  con- 
dition of  the  fastenings  of  these  stays  is  shown  in  lig.  i 
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plosion,  in  one  on  the  Caledonian  Railway,  near  Carlisle, 
and  in  several  other  cases." 

The  earlier  reports  of  explosions,  while  in  many  cases 
carefully  made  and  well  considered,  are  hardly  so  full  or 
so  interesting  as  those  which  will  be  found  in  later  years, 
when  the  reports  are  accompanied  by  sketches  and  dia- 
grams illustrating  points  in  boiler  construction.  These 
sketches  will  be  reproduced  in  their  proper  order. 
( 7'ti  be  continued.) 


herewith,  but  after  the  explosion  they  were  found  ex- 
tended in  the  fork,  as  shown  in  tig.  2,  and  very  much 
corroded.  The  explosion,  however,  was  probably  chiefly 
due  to  the  worn  and  weak  condition  of  the  sheet. 

March  6.  1S57,  the  boiler  of  a  shifting  engine  on  the 
Midland  line  exploded  in  the  yard  at  Birmingham.  The 
external  shell  was  torn  into  large  fragments,  some  of 
which  were  thrown  150  ft.;  one  of  them  passed  through 
the  roof  of  a  building  and  killed  a  workman  there.  This 
explosion  was  attributed  to  corrosion  of  the  sheet,  which 
was  very  apparent  in  the  fragments. 

.•\pril  9,  1857,  the  boiler  of  an  engine  on  the  Belfast  & 
Ballymena  road  exploded  in  the  yard  at  Belfast,  just 
after  it  had  coupled  on  to  a  train.  In  this  case  the  fire- 
box collapsed,  the  crown-sheet  being  forced  down  against 
the  tube-theet,  and  the  side  and  back  sheets  being  torn 
away  from  the  stay-bolts  and  doubled  up;  the  outer  back 
sheet,  with  the  fire-door,  was  blown  completely  away. 
The  crown-bars  were  8  in  number,  \l'z  by  2  in.;  none  of 
them  were  broken.  One-half  of  them  were  attached  to 
the  external  crown-sheet  by  hanging  stays  at  each  end  ; 
these  retained  their  position,  the  stay-bolts  being  drawn 
out  from  the  copper  sheet.  This  was  an  undoubted  case 
of  low  water  and  consequent  overheating  of  the  copper 
plates,  with  a  sudden  increase  of  steam  pressure. 
,  November  24.  1857,  the  boiler  of  a  locomotive  on  the 
Southeastern  road  exploded  as  the  engine  was  standing 
at  the  Greenwich  Station,  just  ready  to  start.  The  crown- 
sheet  of  the  fire-box  was  ripped  along  the  line  of  the 
rivets,  the  rent  extending  along  the  side-plates.  The 
engine  was  lifted  up  and  thrown  across  the  track.  The 
exact  age  of  the  engine  was  unknown,  but  a  new  fire-box 
and  tubes  were  put  in  in  1844  and  new  tubes  again  in  1854. 
The  copper  crown-sheet,  originally  ;'/s  in,  thick,  was  worn 
down  to  I'V  in.,  and  the  Inspector  believes  that  the  sheet 
failed  from  weakness,  although  the  boiler  pressure  seems 
to  have  been  only  65  lbs. 

In  this  year's  report,  the  Inspector  makes  the  following 
general  remarks:  "In  accounting  for  the  effects  of 
boiler  explosions  two  facts  appear  generally  to  be  lost 
sight  of;  the  first  is  that  after  a  rupture  or  rent  is  once 
made  in  the  shell  of  a  boiler  a  much  less  force  is  required 
to  extend  or  continue  it  than  the  initial  force  producing 
the  rupture.  Therefore,  when  high-pressure  steam  forces 
for  itself  an  opening  through  an  attenuated  part  of  the 
boiler  plate,  the  same,  or  a  less,  pressure  of  steam  will 
continue  the  rent  through  a  part  of  the  plate  which  may 
have  suffered  no  attenuation.  I  would  illustrate  this  by 
referring  to  the  resistance  which  is  met  with  in  attempt- 
ing to  thrust  the  finger  through  a  sheet  of  writing  paper, 
which  is  considerable,  but  once  the  finger  is  through  the 
whole  hand  passes  without  experiencing  any  further 
resistance. 

"  The  second  fact  is  that  of  the  cumulative  force  of 
steam  from  its  continuous  action,  as  in  a  rocket.  This  is 
generally  exhibited  where  the  rupture  occurs  in  the  fire- 
box end  of  the  boiler.  The  steam  then  continuously 
escaping  drives  the  engine  horizontally  in  an  opposite 
direction,  or,  frequently,  it  mounts  into  the  air  and  is 
carried  a  considerable  distance,  as  in  the  Ballymena  ex- 
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The  railroad  system  of  Denmark  is,  by  the  geographical 
situation  of  the  country,  divided  into  foui  pans;  the 
lines  on  the  mainland  (the  peninsula  of  Jutland)  and  the 
lines  on  the  three  large  islands  of  Zeeland,  Funen  and 
Falster.  These  islands  are  divided  from  the  mainland  by 
straits  too  wide  and  too  deep  to  atlmit  of  the  possibility 
of  bridging  them.  The  lines  on  the  peninsula  again  are 
obliged  to  cross  the  deep  arm  of  the  sea  known  as  the 
Limfiord,  which  cuts  across  the  peninsula  of  Jutland  near 
its  northern  end. 

When  the  railroad  system  was  first  established,  con- 
nection was  made  between  the  islands  and  the  mainland 
by  ordinary  steamboats,  which  made  it  necessary  to  trans- 
fer all  freight  and  caused  great  delays  in  traffic.  In  1872, 
it  was  decided  to  try,  on  the  ferry  between  Frederica  and 
Strib  across  the  Little  Belt,  which  is  only  i  ;^  miles  in 
width,  a  large  steamboat  on  which  it  would  be  possible  to 
carry  loaded  cars.  For  a  number  of  years  this  kind  of 
service  was  not  extended  to  the  more  important  transfers. 
It  is  only  since  1883,  after  the  complete  success  of  the 
ferry  on  the  Little  Belt  had  been  shown,  that  the  use 
of  steam  ferry-boats  became  general  across  the  straits  and 
on  the  different  railroad  lines.  This  has  now  been  done 
in  such  a  manner  that  a  carriage  can  pass  from  Copen- 
hagen to  any  of  the  islands  and  to  the  extremity  of  the 
peninsula  of  Jutland  without  transfer. 

The  ferries  now  actually  in  use  are  :  The  ferry  across  the 
Little  Belt  from  Frederica  to  Strib,  i  ><  miles,  mentioned 
above;  the  ferry  across  the  Great  Belt  between  Nybcrg 
aod  Korsor,  \6yi  miles  in  length,  opened  in  November, 
1883  ;  the  ferry  from  Masnedo  on  the  island  of  Zeeland  to 
Orehovd  on  the  island  of  Falster,  2^'  miles,  opened  in 
January,  1884,  and,  lastly,  the  ferry  across  the  Limfiord 
between  Oddesundand  South  Oddesund,  about  1%  miles, 
opened  in  June,  1S85. 

In  addition  to  this,  a  joint  commission  of  Danish  and 
Swedish  engineers  is  now  considering  the  question  of 
completing  the  connection  between  Denmark  and  the 
Scandanavian  peninsula  by  a  steam  ferry  across  the  sound 
from  Copenhagen  to  Malmo,  with  possibly  also  one  from 
Frederikshavn  to  Gottenborg.  It  is  also  very  probable 
that  the  North  German  Lloyd  Company,  which  has  now 
a  service  of  express  steamboats  between  Warnemunde  in 
Prussia  and  Gjedson,  forming  part  of  a  through  line  be- 
tween Berlin  and  Copenhagen,  may  substitute  steam 
ferry-boats  for  the  ordinary  steamers  which  it   now  uses. 

In  the  transfer  of  cars  from  the  railroad  tracks  to  the 
tracks  upon  the  deck  of  the  ferry-boats,  a  movable 
landing-stage  is  necessary,  and  a  dock  must  be  used  which 
will  hold  the  boat  itself  in  a  fixed  position.  This  has  been 
provided  for  by  the  construction  of  decks,  in  which,  by 
means  of  piles  and  planking,  the  form  of  the  landing  place 
is  adjusted  to  that  of  the  deck  of  the  ferry-boat,  while  the 
movable  landing  stage  is  provided  by  a  platform  or  dock 
supported  by  ir.  m  trusses  and  resting  at  one  extremity  on 
pivots  and  supported  at  the  other  end  by  heavy  chains, 
hung  from  an  iron  truss  or  bridge.  These  supporting 
chains  pass  over  pulleys  on  the  truss  and  are  carried 
thence  to  windlasses,  by  means  of  which  the  bridge  can 
be  raised  and  lowered.  In  the  landing  place  at  Nyborg, 
on  the  Great  Belt,  which  is  similar  to  all  the  others,  the 
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landing  stage  can  be  raised  from  an  angle  of  4°  below  the 
horizontal  to  one  of  6°  above;  the  stage  being  18X 
meters  in  length,  these  extreme  inclinations  vary  from 
a  descending  grade  of  7|i  per  cent,  to  an  ascent  of  10 
per  cent.  The  cars  are  hauled  up  and  down  these  in- 
clined planes  by  means  of  a  cable  operated  by  a  steam 
capstan  on  the  deck  of  the  boat.  The  dock  and  landing 
stage  are  so  arrani^ed.  and  the  attachments  are  so  con- 
venient, that  a  steamer  is  brouglit  into  position  in  a  very 
short  time  and  can  be  fully  loaded  with  cars  in  less  than 
10  minutes. 

The  form  of  the  dock  and  the  arrangement  of  the 
landing  stage  does  not  essentially  differ  from  those  used 
at  the  ferries  on  the  Hudson  River  at  New  York,  except 
in  the  substitution,  to  a  great  extent,  of  iron  for  wood  in 
the  construction. 

The  passage  of  the  Great  Belt,  which  is  the  longest  ferry 
in  use  (l6>^  miles),  is  effected  by  two  steamers,  the  Xyborg 
and  the  Korsor,  which  were  designed  by  M.  K.  Neilson, 
Director  of  Naval  Construction,  and  which  were  built  in 
the  Kockum  ship-yard  at  Malmo  in  Sweden.  A  third 
ferry-Doat  of  the  same  model  is  now  being  built  by  Bur- 
meister  &  Wain  at  Copenhagen.  The  accompanying 
illustrations  are  a  longitudinal  section,  a  deck-plan  and  a 
cross  section  of  one  of  these  boats. 

The  hulls  of  these  boats  are  of  steel  plates,  and  their 
construction  is  necessarily  very  solid,  as  they  have  to  re- 
sist the  bad  weather  to  which  they  are  often  exposed  in 
crossing  the  Great  Belt. 

Besides  the  ordinary  keel,  the  hull  carries  two  false  or 
lateral  keels  in  order  to  increase  the  stability.  The  bottom 
of  the  boat  is  nearly  flat,  as  shown.  It  is  necessary,  in 
fact,  that,  with  the  load  placed  entirely  on  the  deck,  these 
boats  should  have  much  more  stability  than  an  ordinary 
vessel  and  this  has  been  attained  to  such  a  degree  that, 
when  one  of  the  tracks  on  the  deck  is  loaded  and  the 
other  empty,  the  inclination  of  the  boat  is  less  than  7°. 

In  order  to  increase  the  stability,  the  boats  are  provided 
with  paddle-wheels  instead  of  screws.  These  wheels  are 
made  of  Swedish  iron  and  are  unusually  heavy  and 
strongly  formed  in  order  that  they  may  not  be  injured 
when  the  navigation  is  interrupted  by  ice.  There  are 
two  engines  of  the  compound  pattern,  the  four  cylinders, 
two  for  each  engine,  acting  upon  the  same  shaft.  Steam 
is  furnished  by  four  boilers,  with  corrugated  fire-boxes  on 
the  Fox  system.  The  dimensions  of  the  engines  are : 
High-pressure  cylinder,  33.75  in.  diameter;  low-pressure 
cylinders,  63.35  in.  diameter;  stroke,  54  in.  The  admis- 
sion of  steam  in  the  high-pressure  cylinder  can  be  varied 
from  0.2  to  0.6  of  the  stroke. 

The  principal  dimensions  of  the  boats  are  as  follows: 
Length  on  deck,  250  ft. ;  greatest  breadth  on  deck,  34  ft. ; 
breadth  over  the  paddle-wheels,  58  ft.  The  boats  draw 
8  ft.  of  water  when  unloaded  and  gJi  ft.  when  carrying  a 
full  load  of  about  225  tons.  The  displacement  of  water 
when  loaded  is  1,295  tons.  The  engines,  the  dimensions 
of  which  we  have  given  above,  will  work  up  to  1,500  H.  P., 
and,  with  an  ordinary  load,  the  speed  is  13  knots  an 
hour. 

On  the  deck  of  the  boat  are  Harfield  steam  capstans  tor 
raising  the  anchor,  steam  capstans  for  hauling  cars  on 
board  and  Muir  &  Caldwell's  steam  steering  apparatus. 
The  boats  are  double- enders,  with  a  rudder  at  each  end, 
which  can  be  fixed  in  place  and  serve  as  a  stem  ;  it  is, 
therefore,  not  necessary  to  turn  them. 

The  engine-room  is  lighted  by  electricity,  and,  in  order 
to  facilitate  loading  and  unloading  at  night,  the  decks  are 
lighted  by  arc  electric  lamps. 

These  ferry-boats  are  abundantly  provided  with  safety 
apparatus  and  small  boats  specially  constructed  in  order 
to  resist  the  ice. 

These  ferry-boats  are  provided  with  all  desirable  com- 
forts for  travelers.  The  depth  of  \(i]i  ft.  between  the 
deck  beams  and  the  bottom  timbers  allows  a  height  of  10 
ft.  for  the  cabins,  and  they  are  spacious  and  well  furnished. 
They  are  heated  and  ventilated  by  special  apparatus,  the 
heat  being  obtained  from  steam  pipes  which  derive  their 
steam  from  the  large  boilers,  and  the  ventilation  is  effected 
by  blowers  which  supply  fresh  air,  which  is  warmed  in 
winter.     The  impure  air  is  carried  off  by  special  shafts. 


The  walls  of  these  cabins  are  panels  of  maple  and  walnut, 
and  the  furniture  is  of  maple  upholstered  with  red  velvet. 

The  deck  of  the  ferry  boat  shown  in  the  illustration 
carries  two  tracks.  Each  of  these  tracks  can  hold  8  freight 
cars  of  the  pattern  in  use  on  the  Danish  railroads,  but  it 
is  found  that  it  is  not  often  necessary  to  take  16  cars  at  a 
trip.  At  each  end  of  the  deck  the  two  tracks  unite  in 
one  which,  at  the  landing,  corresponds  with  that  on  the 
landing  stage. 

When  the  cars  have  been  run  upon  the  deck  they  are 
secured  by  means  of  clamps,  one  end  of  which  is  fastened 
to  the  buffer  and  the  other  to  the  rail.  A  screw  attached 
to  the  clamp  permits  sufhcicnt  tension  to  be  put  on  to 
prevent  the  cars  from  moving. 

Where  there  is  only  a  single  track  upon  the  deck,  as  in 
the  boats  used  at  the  Little  Belt  ferry,  the  embarkation  of 
the  cars  is  very  easily  managed,  as  they  are  simply  drawn 
upon  the  boat  by  the  steam  capstans.  The  use  of  the  two 
tracks  on  the  larger  boats,  however,  requires  some  care  in 
manoeuvering  the  cars  upon  the  curves  near  the  ends,  as 
one  of  the  buffers  might  escape  from  contact  with  the 
buffer  on  the  preceding  car.  To  avoid  accidents  and  de- 
railments, the  buffers  at  the  rear  of  each  car  are  covered 
during  the  loading  with  a  strong  wooden  beam,  making  a 
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continuous  surface  upon  which  the  buffer  of  the  following 
car  can  bear  without  any  danger  of  slipping  out  of  contact. 

As  a  general  rule,  these  boats  carry  only  the  ireight- 
cars,  the  baggage  and  the  mail  cars  and  special  cars  (such  as 
the  private  cars  of  the  royal  family  and  others).  Passen- 
gers descend  from  the  train,  which  is  run  upon  a  switch 
close  to  the  dock,  and  enter  the  cabin  of  the  boat ;  when 
the  passage  is  over  they  enter  another  train  which  waits 
for  them  at  the  landing.  The  crossing  of  the  Great  Belt 
lasts  an  hour  and  a  quarter,  usually,  and  delay  is  very  rare, 
even  in  bad  weather. 

The  service  at  the  Little  Belt  is  carried  on  by  two 
smaller  ferry-boats  named  Hjahnar  and  Ingeborg,  which 
were  built  in  the  Shickatt  ship-yards  at  Elbiiig  in  Prussia. 
The  general  pattern  of  these  boats  is  very  similar  to  the 
larger  ones,  but  they  are  only  164  ft.  in  length  on  deck  and 
are  provided  with  a  single  track  only.  The  motive  power 
is  one  compound  engine.  The  speed  is  about  10  knots  an 
hour;  the  passage  being  very  much  shorter  than  at  the 
Great  Belt,  this  speed  is  suflicient,  as  these  smaller  boats 
can  transfer  during  a  given  time  quite  as  many  cars  as  the 
larger  boats  used  on  the  longer  ferry. 

The  service  on  the  other  ferries  is  carried  on  by  boats 
similar  to  those  used  on  the  Little  Bell. 

The  passage  of  the  Great  Belt  is  rarely  interrupted  by 
ice,  the  sea  being  open,  but  in  the  narrow  strait  of  the 
Little  Belt  ice  is  often  driven  by  wind  into  masses  which 
freeze  together  in  heavy  cakes  and  cause  delays.  In  order 
to  open  the  passage  a  twin-screw  boat  (the  Vahietiiar), 
with  very  powerful  enfiines,  has  been  built  for  the  special 
purpose  of  breaking  up  the  ice.  This  boat  was  not  com- 
pleted until  the  fall  of  1886,  and  the  following  winter 
having  been  mild  she  has  not  been  fully  tested.  It  is  ex- 
pected that  she  will  be  able  to  break  through  ice  6  to  8 
in.  in  thickness. 
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The  steam  ferry-boats  and  other  vessels  which  are  used 
to  connect  the  diflerent  Danish  lines  belong  to  the 
Government,  and  their  management  is  under  the  charge 
of  a  special  division  of  the  State  railroad  manaj^ement, 
which  is  called  the  Maritime  Department.  The  Chief  of 
this  department  is  Captain  F.  de  Bardenfleth,  who  is 
assisted  by  M.  Elmquist,  Inspector  of  Vessels,  and  John 
Prior,  Inspector  of  Machinery. 


THE  NEW  WARSHIPS. 

The  report  of  the  Secretary  of  the  Navy,  to  be  presented 
to  Congress  on  its  meeting  in  December,  will,  it  is  stated, 
refer  at  length  to  the  progress  so  far  made  in  building  a 
new  navy. 

For  the  benefit  of  the  next  Congress,  it  is  understood 
Secretary  Whitney  will  have  prepared  by  the  Bureau  of 
Construction  and  Repairs  elaborate  descriptions  of  every 
vessel  now  building  or  the  plans  for  which  have  been 
agreed  upon.  This  will  include  the  five  great  monitors, 
the  cruisers,  gun-boats,  plans  for  harbor  defense,  the  ar- 
mored battle-ship  and  cruiser,  the  pneumatic  dynamite 
gunboat  and  the  torpedo-boat. 

THE  ARMORED    BATTLE-SHIP. 

The  Board  of  ofl'icers  which  was  appointed  to  estimate 
the  cost  of  building  the  armored  battle-ship  designed  by 
the  Barrow  Shipbuilding  Company,  of  England,  has  com- 
pleted its  labors.  The  last  estimates  for  constructing  the 
hull  and  fittings  are  gi, {590,000,  and  for  engines  and  ma- 
chinery $486,000.  making  a  total  of  $2,376,000,  which  is 
$124,000  less  than  the  sum  appropriated  by  Congress  for 
the  purpose. 

The  report  of  the  Board  has  been  presented  to  Secre- 
tary Whitney.  Some  slight  alterations  in  the  original 
plans  are  suggested,  but  they  are  not  radical.  The  vessel 
is  to  have  triple-expansion  engines  with  forced  draft  in- 
tended for  the  speed  of  18  knots.  The  estimates  include 
a  full  equipment,  such  as  rigging,  sails,  anchors,  etc.  The 
most  important  recommendation  is  that  the  vessel  be 
built  at  the  Norfolk  Navy  Yard.  It  was  generally  be- 
lieved that  the  New  York  Navy  Yard  would  be  selected 
for  the  work,  but  this  recommendation,  if  approved  by 
the  Secretary,  will  probably  result  in  the  building  of  the 
six-thousand-ton  armored  cruiser  designed  by  the  Navy 
Department,  instead  of  the  battle-ship,  at  the  New  York 
yard.  It  is  believed  that  it  will  take  about  18  months  to 
build  the  vessel  at  Norfolk. 

The  allowance  of  $75,000,  which  was  made  for  the  pur- 
chase of  new  plant  for  this  yard,  is  not  large  enough,  by 
about  $50,000,  for  a  complete  equipment,  but  by  the  use 
of  temporary  sheds  it  is  believed  that  the  work  of  con- 
structing the  great  ship  can  be  carried  on  until  Congress 
provides  for  the  erection  of  suitable  permanent  shops. 
The  construction  work  will  be  under  the  immediate  direc- 
tion of  Naval  Constructor  Bowles,  and  the  machine  and 
engine  work  under  that  of  Chief  Engineer  Robey. 

The  following  instructions  were,  September  30,  ad- 
dressed to  the  Commandant  of  the  New  York  Navy  Yard  : 
"The  Department  having  decided  that  one  of  the  two 
sea-going  double-bottomed  armored  vessels  appropriated 
for  under  the  act  approved  August  3,  1886,  shall  be  built 
at  the  yard  under  your  command,  the  Bureau  directs  that 
preparations  to  that  end  be  immediately  made  The  re- 
port of  Assistant  Naval  Constructor  F.  T.  Bowles  to  you 
under  date  of  July  11,  and  the  reports  of  the  Board  of 
which  Captain  G.  C.  Remey,  U.  S.  N.,  was  President, 
ordered  by  you  under  date  of  July  12  and  of  August  3, 
1887,  are  approved.  The  Chief  of  the  Bureau  of  Yards  and 
Docks  approves  the  location  of  the  temporary  sheds  to 
cover  the  tools  and  machinery,  and  they  will  be  erected 
by  and  at  the  expense  of  this  Bureau." 

To  the  Commandant  of  the  Norfolk  Navy  Yard,  a  letter 
was  addressed,  similar  in  terms  to  the  above,  with  the  ex- 
ception that  it  approves  the  report  of  Constructor  Samuel 
H.  Pook  relative  to  the  general  arrangements  and  loca- 
tion of  the  tools  and  machinery  for  the  execution  of  the 
work  at  that  yard. 


OJAST   AND    HARBOR    DEFENSE. 

In  the  Naval  Appropriation  bill  passed  last  March,  pro- 
vision was  made  for  the  expenditure  of  $2,000,000  for 
floating  batteries  or  rams  or  other  naval  structures,  to  be 
used  for  coast  and  harbor  defense.  Secretary  Whitney 
appointed  a  Board  of  Naval  officers  to  consider  the  best 
method  of  expending  this  money,  and,  it  is  understood, 
they  arc  ready  to  submit  a  report.  This  report  has  not 
been  made  public,  but  it  is  said  that  its  recommendations 
are  about  as  given  below  ; 

Monitors  with  the  heaviest  guns  that  can  be  mounted 
are  to  be  the  principal  reliance  for  oftensive  and  defensive 
warfare.  About  them,  as  auxiliary  means  of  attack,  are 
to  be  grouped  armored  torpedo-boats  fitted  with  rams, 
sub-aqueous  torpedo-boats  and  the  ordinary  first-class 
torpedo-boats. 

It  will  be  remembered  that  the  Fortification  Board 
recommended  the  construction  of  floating  batteries.  The 
unfinished  double-turreted  vc\ow'\\.ox%.  Amphitrite.  Monad- 
nock.  Puritan.  Terror  and  Mianlonoino/i.  it  was  found, 
would,  if  finished  with  modern  appliances,  furnish  the 
main  reliance  for  coast  defense.  The  improvement  in 
heavy  ordnance  is  such  that  land  fortifications  can  hardly 
be  relied  upon  to  repel  the  attack  of  an  invading  fleet. 
Floating  batteries  would  be  a  necessity,  and  none  have 
been  found  more  effective  than  the  monitor  type,  with  a 
turret  the  very  minimum  of  size  as  an  object  to  be  fired 
at,  while,  as  a  defensive  vessel,  it  can  carry  the  heaviest 
guns  that  can  be  mounted. 

The  objects  against  which  a  naval  attack  would  be 
directed  are  the  important  commercial  ports,  where  ves- 
sels in  the  foreign  trade  must  be  protected,  as  well  as  the 
cities  which  are  railroad  and  financial  centers,  and,  there- 
fore, demand  such  protection.  The  long-range  fire  could 
only  be  properly  resisted  by  vessels  of  equal  strength  with 
those  of  the  enemy.  Indeed,  the  monitors  could  be  ar- 
mored more  heavily  and  armed  with  heavier  guns  than 
any  probable  adversary.  Of  considerably  less  draft  than 
the  armored  sea-going  ship,  they  could,  by  operating 
among  the  shoals,  avoid  ramming  and  even  torpedoes. 

To  gain  such  advantages,  speed  must  be  sacrificed,  but 
it  is  quite  evident  that,  for  the  defense  of  harbors  and  bays, 
the  advantages  of  extra  thickness  of  armor  and  of  supe- 
rior power  of  gun  more  than  compensate  for  that  loss. 

But  the  plan  now  being  carried  out  does  not  stop  at  a 
system  of  defensive  warfare.  The  Puritan  is  a  type  of 
the  classof  sea-goingmonitorsand  isnow  being  completed. 
She  will  carry  four  lo-in.  guns  and  have  50  in.  of  free- 
board. Her  coaling  capacity  will  be  400  tons,  enough  to 
steam  with  from  New  York  to  Panama  and  have  sufficient 
left  to  manoever  the  vessel  in  a  fight.  She  will  be  able  to 
carry  100  rounds  for  each  gun  and  will  be  supplied  with 
torpedo  nets  and  very  heavy  machine-gun  batteries. 

It  is  not  generally  considered  possible  to  bar  the  pro- 
gress of  an  armored  fleet  by  the  severe  fire  of  the  battery. 
It  was  necessary,  therefore,  that  the  monitors  should  have 
accessories,  and  it  was  to  provide  them  that  Congress  ap- 
propriated $3,000,000,  exclusive  of  the  cost  of  armament. 
Each  monitor  will  have  as  such  accessories  from  8  to  10 
torpedo-boats,  rams  and  sub-aqueous  torpedo-boats. 

The  second  feature  of  the  accessory  plan  is  the  armored 
torpedo-boat,  which  may.  perhaps,  be  better  understood 
as  a  monitor  without  a  turret,  so  built  that  it  will  deflect 
shots  from  the  largest  guns,  make  great  speed,  and,  being 
fitted  with  rams,  will  also  be  capable  of  destroying  the 
netting  which  surrounds  armored  vessels  while  it  moves 
directly  against  the  side  of  an  enemy's  vessel.  These 
boats  will  also  be  so  planned  as  to  carry,  if  necessary, 
dynamite-guns  throwing  the  aerial  torpedo.  In  this  way 
the  armed  torpedo-boat  will  be  fitted  to  explode  in  every 
conceivable  way  the  most  destructive  material  known  to 
modern  warefare. 

The  third  feature  of  the  auxiliary  plan  is  the  employ- 
ment of  first-class  torpedo  boats  in  conjunction  with  the 
armored  torpedo-boats,  so  that,  while  the  latter  may  make 
it  possible  to  reach  the  sides  of  the  vessels  of  an  attacking 
fleet,  the  swift  torpedo-boats  may  take  advantage  of  the 
work  and  surround  the  vessel  attacked.  Of  this  class,  it 
is  proposed  to  have  from  4  to  6  for  each  monitor.  In 
this  way  the  floating  battery  of  massive  steel  and  iron  will. 
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be  able  to  go  out  and  meet  the  enemy,  and,  accompanied 
by  a  little  fleet  carrying  the  most  destructive  implements 
and  material  that  invention  has  yet  provided,  give  battle 
to  the  invading  vessels  so  etTectually  as  to  make  the  safety 
of  all  of  our  great  harbors  and  bays  practically  assured. 

The  Secretary  of  the  Navy  has  approved  the  recom- 
mendation of  the  Board  and  accepted  the  proposition  of 
the  Pneumatic  Gun  Carriage  cSi  Power  Company  to  fur- 
nish pneumatic  carriages  for  the  guns  of  one  of  the  moni- 
tors, and  also  to  furnish  pneumatic  apparatus  for  elevating 
and  revolving  the  turrets,  steermg  and  ventilating  the 
monitor  Terror. 

The  advantages  of  the  pneumatic  system  are  set  forth 
as  follows,  in  a  letter  addressed  to  the  Secretary  of  the 
Navy  by  the  company  : 

j"  Compared  with  gun-carriages  now  worked  by  hand, 
and  the  few  operated  by  steam  and  hydraulic  power,  the 
pneumatic  system  presents  the  distinct  advantages  herein 
set  forth.  In  addition  to  the  disadvantages  of  steam  ma- 
chinery for  working  guns,  as  stated  by  the  Naval  Board, 
the  hydraulic  recoil  check  must  be  employed  therewith 
(as  with  the  hand-worked  carriages)  with  its  uncertainty 
of  pressures,  and  necessitating  mechanical  devices  for 
holding  the  gun  in  battery,  and  also  having  no  elastic 
cushion,  subjecting  the  carriage  to  violent  shocks  on  the 
return  recoil  inasea-way,  notwithstandingthe  buffers  used 
to  lessen  the  shock.  In  the  system  herewith  described, 
the  short  recoil  of  naval  guns  is  taken  up  by  air  at  high- 
pressure  in  the  recoil-cylinders,  hereinafter  described  in 
detail;  the  compressed  air  for  training  and  elevating  the 
gun  is  carried  at  a  constant  pressure  of  loo  lbs.  to  the 
square  inch,  while  that  in  the  recoil-cylinders  is  held  at  a 
pressure  of  about  500  lbs.,  being  supplied  from  an  addi- 
tional receiver  below  decks:  when  the  gun  recoils,  the 
full  effect  of  this  elastic  and  increasing  pressure  is  e.xerted 
in  front  of  the  pistons,  until  the  counter-recoil  begins, 
when  the  pressure  is  equalized  automatically  on  both  sides 
of  the  piston,  and  the  gun  returns  to  battery  by  its  own 
weight  without  shock,  and  is  held  there  by  the  pressure. 
In  case  of  accident  to  the  pneumatic  supply,  the  travers- 
mg  and  elevating  can  be  operated  by  hand,  while  any 
leakage  from  the  recoil-cylinders  is  amply  compensa'ed 
for  by  the  volume  of  air  at  atmospheric  pressure  pumped 
in  by  the  cylinders  themselves  at  each  discharge  of  the 
gun.  Furthermore,  in  the  e.xtreme  case  of  unusual  leak- 
age and  accident  to  the  pumping  engines,  the  recoil- 
cylinders  can  be  charged  from  portable  air  flasks.  The 
traversing,  elevating  and  loading  are  accomplished  by  the 
means  shown  with  great  rapidity,  giving  a  ma.ximum  of 
efficiency  of  the  gun  with  a  greatly  reduced  crew.  The 
valve  movement  of  the  air  engines  for  training  and  ele- 
vating permits  of  rapid  motion  in  either  direction,  and  of 
holding  the  gun  fixed  at  any  point.  The  elevating  gear 
moves  parallel  with  the  recoil  of  the  top  carriage,  and,  the 
connection  to  the  elevating  band  being  elastic,  the  gear 
is  not  subject  to  injurious  shocks.  The  loader  (with 
sponge-head)  can  be  attached  to  the  rear  of  the  carriage 
where  deck  space  permits,  or  can  be  retained  at  any  con- 
venient point,  and  the  carriage  trained  rapidly  to  it  for 
loading.  After  receiving  the  shell  or  cartridge  from  a 
truck  bearer,  one  movement  of  a  lever  elevates  the  loader 
to  the  proper  angle  and  extends  it  into  the  gun-chamber; 
the  reverse  movement  withdraws  and  levels  it.  The 
actuating  machinery  and  connections  are  not  exposed,  but 
are  located  between  the  brackets  underneath  the  gun — 
the  extreme  width  of  carriage  and  gears  being  much  less 
than  in  the  corresponding  Government  carriage.  We 
have,  by  these  means,  utilized  and  practically  applied  to 
the  working  of  guns  of  any  size  the  evident  advantages  of 
compressed  air,  which  can  be  easily  carried  at  any  desired 
pressure  by  use  of  the  normal  steam  pressure  in  a  vessel 
of  war,  and  which  is  cool,  clean,  free  from  condensation 
or  freezing,  and.  above  all.  furnishes  an  elastic  cushion  at 
any  desired  high-pressure  for  resisting  the  shock  of  recoil 
and  counter-recoil  without  injuring  the  carriage." 

STEEL   GUN     FORCINGS. 

The  Midvale  Steel  Works,  of  Philadelphia,  were  the 
only  bidders  for  furnishing  the  22  sets  of  steel  forgings 
for  the  6-in.  breech-loading  riffed  guns,  oil-treated  and 
annealed,  proposals  for  which  were  closed  September  27. 


Two  bids  were  submitted  by  this  firm  — one  for  supplying 
the  forgings  rough-bored  and  turned,  oil-treated  and  an- 
nealed at  $123,2^4;  and  the  other  for  supplying  the  forg- 
ings, with  tubes,  jackets  and  trunnions,  to  be  rough-bored 
and  turned  by  the  Navy  Department,  and  the  other  work 
by  the  contractor,  at  $108,795.  About  156  tons  of  forg- 
ings are  involved  in  this  contract.  According  to  the 
terms  of  the  contract  to  be  entered  into,  the  contractor 
must  furnish  one  set  of  the  forgings  not  later  than  Decem- 
ber 31  next,  and  not  less  than  one  set  every  15  days  there- 
after, the  delivery  to  be  completed  within  15  months  from 
the  date  of  contract.  The  work  of  fabrication  of  the 
guns,  for  which  these  forgings  are  intended,  will  be  per- 
formed at  the  Washington  Ordnance  Foundry.  The 
guns  are  intended  for  the  new  vessels  now  building. 

IHE    DYNAMITE    f;UN. 

In  addition  to  the  public  test  of  Lieutenant  Zalinski's 
pneumatic  dynamite  gun.  noted  last  month,  some  further 
tests  were  made  early  in  October.  Thesi  trials  were  in- 
tended to  further  determine  the  question  of  its  accuracy 
of  fire.  Ten  shots  were  fired,  each  projectile  being  loaded 
with  55  lbs.  of  sand,  and  weighing  altogether  140  lbs. 
Firing  commenced  at  10.42  a.  m,  on  this  series  and  ended 
at  10.52.30,  showing  a  rapidity  of  fire  of  about  one  shot  a 
minute.     The  elevation  throughout  was  i4°56'. 

The  next  shot,  at  an  elevation  of  32  42'.  had  a  range  of 
over  2J4  miles,  falling  close  to  the  shore  of  Norton's  Point. 
In  this  case,  the  projectile  was  charged  with  100  lbs.  of 
sand  (representing  gelatine),  the  whole  missile  weighing 
203  lbs.  The  time  taken  in  the  flight  of  this  shot  was  24^ 
seconds,  the  initial  pressure  of  compressed  air  being  975 
lbs.  per  square  inch  and  the  final  pressure  525  lbs. 

The  experiments  closed  with  two  shots,  with  an  eleva- 
tion of  15°,  using  loo-lb.  projectiles,  weighing  in  all  203 
lbs.  each.  The  gun  was  sighted  for  15  yards  to  the  left, 
and  the  shots  fell  within  3  j'ards  to  the  left.  The  first 
projectile  was  10  seconds  in  flight;  initial  pressure,  750 
lb*.;  final  pressure,  625  lbs.  The  second  shot  was  9.04 
seconds  in  the  air;  initial  pressure,  750  lbs.;  final  pressure^ 
615  lbs.     Range,  1,772  yards. 

The  shots  were  fired  from  the  experimental  gun  at  Fort 
Lafayette  in  the  midst  of  pouring  rain. 

Of  the  time  shells  fired,  two  fell  short  50  and  70  yards. 
Six  would  have  hit  a  target  of  the  size  of  the  SiH/tnati  (the 
vessel  used  as  a  target  in  the  first  trial),  and  two  others 
would  have  exploded  sufficiently  near  to  have  injured  her 
seriously.  This  was  the  first  time  that  rapid  firing  with  a 
large  number  of  shells  was  attempted,  and  the  experience 
indicated  a  modification  in  the  arrangements  of  connec- 
tion between  the  storage  reservoirs  and  the  gun.  This  is 
easily  remedied.  Lieutenant  Zalinski  ascribes  the  short 
range  of  two  of  the  shells  to  this  cause.  He  thinks,  with 
the  changes  to  be  made,  he  could  improve  the  record 
made,  excellent  as  it  seems  to  us,  and  as  it  appeared  to 
impress  the  foreign  officers  who  witnessed  the  experi- 
ments. Lieutenant  Zalinski  thinks  that  the  dynamite 
cruiser  guns  can  be  fired  at  the  rate  of  twice  a  minute. 
The  contract  calls  for  a  rapidity  of  fire  of  once  in  two 
minutes. 

At  a  distance  of  about  1.800  yards  from  the  old  fort,  a 
small  boat  was  made  fast  to  a  buoy,  the  two  combined- 
serving  as  a  target. 


A  Sham  Torpedo  Battle. 

(From  the  New  York  Herald.) 

The  torpedo  attack  on  the  cruiser  Atlatita,  which  took 
place  in  the  harbor  at  Newport,  R.  I.,  on  the  evening  of 
October  11,  resulted  in  a  victory  for  the  defense,  the  At- 
lanta. So  judged  the  umpires  when  the  fight  was  fin- 
ished, and  so  said  all  who  were  in  a  position  to  gauge  fairly 
the  friendly  battle. 

Thus  has  been  given  another  partial  solution  of  the 
;  naval  war  problem  which  has  for  its  factors  the  ship  and 
[  the  torpedo.  Neither  abroad  nor  at  home  has  this  great 
I  tactical  question  been  settled.  After  all,  the  one  vigor- 
I  ous  disagreement  between  the  opinions  of  naval  experts- 
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is  whether  in  high-sea  duels  and  in  fleet  engagements  the 
torpedo  is  or  is  not  to  replace  armored  battle  ships  and 
their  unarmored  auxiliaries. 

The  cruiser  Atlanta  as  the  target,  and  the  torpedo 
flotilla  of  the  other  vessels  of  the  squadron  as  the  missiles, 
have  now  added  another  mteresting  chapter  to  the  dis- 
cussion. 

It  was  a  game  of  strategy  and  tactics  deftly  conceived 
and  intelligently  played,  and  was  throughout  a  credit 
equally  to  the  victor  and  the  vanquished.  It  was  an  in- 
teresting contest,  this  object  lesson  on  the  science  and  art 
of  naval  warfare,  though  the  pity  of  it  all  is  that  the  ma- 
terial resources  of  the  attack  were  so  unworthy  of  the  in- 
telligence forced  to  use  them. 

On  the  one  hand  was  a  modern  cruiser,  defended,  to  a 
great  degree,  by  means  improvised  from  equipments  de- 
signed for  far  dillerent  purposes  ;  on  the  other  was  a  little 
squadron  of  steam  launches  and  pulling  cutters,  whale- 
boats  and  gigs,  which  were  slow  in  speed,  noisy  in  action, 
hampered  by  adverse  tides  and  strong  breezes,  and  so 
weak  in  defense  that  they  were  compelled  to  attack  with 
the  same  offensive  powers  that  Gushing,  years  ago,  em- 
ployed to  destroy  the  Albemarh. 

Broadly  generalized,  it  was  not  so  much  one  of  those 
lessons  which  teach  what  attack  and  defense  are  as  a 
proof  of  the  possibilities  inherent  in  a  cruiser  of  modern 
design  to  utilize  for  her  safety  the  appliances  which  have 
been  more  or  less  niggardly  furnished  her. 

From  the  very  beginning  it  was  apparent  to  every  sea- 
ofiicer  that  the  defense  must  be  successful,  though  this  in 
no  way  lessened  the  ability,  energy  and  zeal  shown  by 
Captain  Bunce  of  the  Atlanta  and  his  officers  and  crew. 
The  lesson  was.  a  useful  one  to  many  who  assisted  the 
most  important,  perhaps,  of  all  those  practical  experi- 
ments where,  through  a  realization  of  the  difficulties,  our 
officers  are  being  enabled  to  determine  how  much  behind 
the  age  the  navy  has  lagged  in  the  keen  race,  not  for 
supremacy  but  for  equality  with  the  great  marine  Powers. 

The  problem  offered  for  solution  was  this,  and  it  is  an 
old  one  measured  by  the  progress  of  naval  science:     An 
enemy's  vessel  is  supposed  to  be  anchored   in   a  closed 
harbor,    with    no  means  of  defense   except   such    as  are 
offered  by  the  equipment  of  the  ship;  seaward  there  is  a 
blockade,  against  which  there  is  faint  hope  of  escape  by    i 
sudden   dash,  while  landward  an  enemy's  occupation  of    \ 
the  strategic  points  offers  no  chance  as  assistance.     These    j 
known  quantities  are  complicated  by  the  imminent  danger 
of  assault  from  torpedo-boats,  from  the  possible  presence    ' 
of  submarine  mines  and  the  certainty  that  any  victory  is 
but  a  temporary  one. 

Of  course  this  problem  has  been  attacked  before—  nota-    ! 
bly  by  the  French  and  English  in  their  manoeuvres  of  the 
past  two  years  ;  but  with  them  the  conditions  were  differ- 
ent, since  the  attack  was  supposed  to  be  equal  to  the  de- 
fense. 

Torpedo  enthusiasts,  even  on  the  face  of  latter-day  re- 
sults, are  not  yet  satisfied  that  Gabriel  Charmer  was  not 
right  when  he  declared  that  "a  squadron  attacked  by 
night  torpedo-boats  is  a  squadron  lost." 

Admiral  Luce,  in  pursuance  of  the  plan  he  has  formu- 
lated for  the  drills  of  the  North  Atlantic  squadron,  took 
measures  for  making  this  attack  as  nearly  practical  as 
possible.  The  general  theme  was  submitted  to  the  21 
officers  now  in  attendance  at  the  War  College,  with  a  re- 
quest that  they  should  prescribe  such  rules  as  seemed  best 
fitted  to  the  circumstances.  These  officers  in  turn  ap- 
pointed a  sub-committee,  and,  after  careful  examination 
and  discussion,  the  following  regulations  were  adopted  : 


receive  fifteen  rounds  therefrom — say  three-quarters  of  a 
minute. 

{c)  Or  is  under  Gitling-gun  fire  within  500  yards  for  one 
and  a  half  minutes. 

[d)  Or  is  under  a  small-arm  fire  (of  not  less  than  ten  pieces) 
within  500  yards,  for  one  and  a  half  minutes. 

(f)  Or  is  under  an  effective  fire  during  15  seconds  while 
within  the  beams  of  the  search  light. 

(/)  Or  receives  water  from  the  ship's  hose  during  one-quar- 
ter of  a  minute. 

(f)  Or  shall  be  writhin  the  effective  range  of  a  defense  tor- 
pedo or  mine  at  the  time  of  the  e.xplosion  of  the  same  by  the 
defense. 

4.  Any  torpedo-boat  succeeding  in  attaching  an  explosive 
charge  to  any  part  of  the  defense  will  make  her  claim  by  mak- 
ing her  number  three  times  by  blasts  from  her  whistle  and 
shall  be  free  to  retire. 

5.  Any  torpedo-boat  which,  without  being  discovered  or 
ruled  out,  shall  approach  the  Atlanta  to  within  20  ft.,  shall  be 
considered  as  having  successfully  torpedoed  her  and  will  make 
her  claim  by  firing  a  green  "  Very's  signal  light"  into  the  air 
and  shall  be  free  to  retire. 

6.  Guard-boats  which  shall  fail  to  discover  the  approach  of 
a  torpedo-boat  until  the  same  is  within  20  ft.  from  them  shall 
be  considered  as  destroyed. 

7.  When  a  torpedo-boat  is  put  out  of  action  from  the  At- 
lanta, the  fact  will  be  signified  to  it  by  hailing  it  or  by  "  Very's 
signal  light"  discharged  in  the  direction  of  the  boat  if  not 
within  hail.  The  boat  judged  out  of  action  and  notified  of  the 
fact  shall  immediately  acknowledge  it  by  reporting  her  num- 
ber if  within  hail  ;  otherwise  by  making  her  number  once  by 
whistle. 

8.  The  decision  of  an  umpire  shall  be  final. 

9.  If  the  Atlanta  is  torpedoed  once  she  shall  be  considered 
as  disabled,  and  if  torpedoed  twice  as  destroyed. 

10.  The  termination  of  the  attack  will  be  signified  by  the 
recall  sounded  by  bugle  from  the  Atlanta. 

11.  These  rules  shall,  after  approval  by  the  committee  on 
the  same,  be  immediately  communicated  to  all  parties  con- 
cerned therein. 

This  programme  was  submitted  to  Captain  Bunce  of 
the  Atlanta,  representing  the  defense,  and  to  Commander 
C.  M.  Chester  of  the  Galena,  to  whom  was  intrusted  the 
attack,  with  instructions  to  adopt  such  measures  as  would 
enable  them,  while  complying  with  their  letter  and  spirit, 
to  utilize  the  appliances  at  their  disposal  for  the  special 
duties  each  had  to  perform.  Both  officers  were  left  un- 
trammelled by  any  official  interference,  and  in  the  end 
Commander  Chester  adopted  the  following  plan  for  his 
offensive  operations  : 


RDKKS    FOR      IHE     .\TTACK. 


ike  place  on  the  night  to  be  desig- 


f   THE   FICHT. 

1.  To  judge  of  the  events  connected  with  this  attack  several 
umpires  will  be  stationed  on  board  the  Atlanta,  and  one 
umpire  will  be  appointed  to  each  torpedo-boat  and  each  guard- 
boat. 

2.  Umpires  are  to  consider  themselves  as  such,  not  only  for 
their  own  special  posts,  but  for  any  operations  of  attack  or  de- 
fense which  may  come  under  their  observation. 

3.  Any  torpedo-boat  shall  be  judged  out  of  action  : 

(a)  When  under  the  fire  of  heavy  guns  a  sulTiciint  time  to 
receive  three  rounds  therefrom — say  one  minute. 

(M  Or  is  under  fire  from  rapid-fire  guns  a  sufficient  time   to 


The  torpedo  attac 
nated. 

The  attacking  force  will  consist  of  six  steam  launches  and 
four  pulling  boats  (gigs  or  other  light  boats),  all  to  be  under 
the  command  of  Commander  C.  M.  Chester. 

The  steam  launches  will  be  numbered  successively  from  one 
to  six  inclusive,  and  the  pulling  torpedo-boats  as  per  follow- 
ing list  annexed. 

All  torpedo-boats  will  be  armed  with  one  light  torpedo  spar, 
fitted  with  a  primer  that  will  explode  if  closing  nearer  than  20 
ft.  to  the  attack.  They  will  also  carry  two  or  three  Very's 
(red)  signals  to  be  fired  only  when  assistance  is  needed.  The 
eight  pulling  or  decoy  boats  will  be  armed  with  hand  torpedoes, 
to  be  attached  to  the  obstruction  around  the  Atlanta. 

The  object  desired  is  to  have  the  defense  contemplating  an 
attack  only  by  steam  launches,  and  then  suddenly  find  itself 
required  to  throw  the  electric  light  over  a  large  number  of 
boats,  with  the  possible  result  of  permitting  one  or  more  of 
them  to  take  advantage  of  the  dark  rays  and  make  a  success- 
ful attack. 

Just  as  soon  as  it  gets  dark — before  7.30  P.  M.,  if  possible — 
the  four  boats  of  the  Richmond  vi\\\  proceed  to  the  west  end  of 
Rose  Island  and  endeavor  to  keep  in  ambush  until  the  com- 
mencement of  the  attack.  The  four  boats  of  the  Dolphin  will 
proceed  at  the  same  time  around  the  north  end  of  Coat  Island 
and  lie  in  ambush  near  the  south  end  of  that  island.  The 
boats  from  the  Galena  will,  by  a  dttjur,  endeavor  to  reach  the 
cover  of  the  wharf  at  Fort  Adams.  The  Ossipees  boats  will 
remain  under  cover  of  that  ship. 

At  8.15  P.  M.,  the  boats  from  the  several  divisions  will  de- 
ploy to  a  distance  of  about  200  yards,  the  steam  launches  lead- 
ing, followed  by  the  decoy  boats,  and  the  pulling  torpedo- 
boats  last.     The  advance  will  commence  at  the   same  time  or 
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immediately  after  the  deploy,  when  each  boat  will  endeavor 
to  reach  the  lllnnlit  as  soon  as  possible.  Of  course,  it  should 
be  the  aim  to  take  advantage  of  ihe  dark  sector  ol  the  Alhiitas 
«lectric  liKht  to  secure  a  score  within  30  ft.  of  that  ship.  The 
decoy  boats  will  strive  to  reach  the  obstructions  around  the 
vessels  should  their  consorts  be  counted  out. 

The  Ossipee's  division  will  delay  its  advance  slightly  to  allow 
the  other  divisions  to  get  their  distance. 

When  the  recall  is  sounded  the  steam  launches  will  assem- 
ble alongside  the  AllaiiUi  and  all  other  boats  will  return  to 
their  respective  ships  without  further  instructions,  the  pulling 
torpedo-boats  delaying  long  enough  to  land  their  umpires  on 
board  the  Atlanta. 

Should  the  umpire  (one  in  each  boat)  declare  a  steamer 
within  the  proper  distance  to  score  a  point,  she  will  make  her 
number  three  times  and  withdraw.  If  discovered,  and  it  is  so 
indicated  by  proper  signal  from  the  Atlanta,  she  will  make 
her  number  once  and  withdraw.  .Short  toots  corresponding  to 
the  numbers  given  in  this  order  will  designate  the  steamers. 
The  other  torpedo-boats  will,  in  like  manner,  give  their  num- 
ber and  the  name  of  the  ship  to  which  they  belong  once  or 
three  times  and  withdraw.  Watches  will  be  set  at  sundown, 
which  is  5h.  12m. 

The  boats  will  have  their  numbers  tacked  on  the  bow. 

Organization — No.  i,  steam  launch  Vixen,  Commander 
Chester  ;  No.  2,  steam  launch  Richmond,  Lieutenant  Xazro  ; 
No.  3.  steam  launch  Ossipee.  Lieutenant  Delano  ;  No.  4,  steam 
launch  Galena,  Lieutenant  Sharrer  ;  No.  5,  steam  launch  Dol- 
phin (No.  I),  Lieutenant  Marshall  ;  No.  6,  steam  launch  Dol- 
phin (No.  2),  Lieutenant  Cutler. 

No.  I,  Richmond's  c\Mer  (torpedo-boat).  Lieutenant  Kilburn. 
No.  2,  Richmond's  whale-boat.  Cadet  McMiller.  No.  3,  Rick- 
moncTs  gig.  Cadet  Russell. 

No.  I,  Ossipee's  cutter  (torpedo-boat).  Ensign  Snowden.  No. 
2,  Ossipee's  whale-boat,  Ensign  Brainerd.  No.  3  Ossipee's  gig. 
Naval  Cadet  Brown. 

No.  I,  Galena's  cutter  (torpedo-boat).  Ensign  Gibson.  No. 
2,  Galena's  whale-boat.  Naval  Cadet  Young.  No.  3,  Galena's 
gig.  Naval  Cadet  Bristol. 

No.  I.  Dolphin's  cutter  (torpedo-boat).  No.  2,  Dolphin's 
whale-boat. 

Preparations  were  commenced  upon  the  Atlanta  at  3 
p.  M.  on  Monda\-,and  by  sundown  the  trim-looking  cruiser 
was  in  a  lighting  form  which  recalled  forcibly  the  appear- 
ance of  the  more  splendid  English  war  machines,  as  they 
steamed  into  position  for  the  bombardment  of. Alexan- 
dria. Everything  aloft  except  the  lower  yards  was  sent 
down,  the  rigging  and  gear  being  neatly  and  securely 
lashed,  and  the  lower  mast  heads,  especially  at  nightfall, 
looking  not  unlike  vigilant  sentries,  silhouetted  against 
the  sky  and  eager  for  any  enemy  that  might  appear. 

A  stout  5-m.  steel  hawser  was  passed  around  the  ship 
just  high  enough  above  water  to  prevent  a  hostile  boat 
going  over  or  under  it ;  this  was  guyed  clear  of  the  ship 
by  the  unrigged  spars,  the  topsail  yards  being  used  to 
starboard  and  the  topmasts  to  port.  These  were  sup- 
ported by  pennant  tackles  from  the  lower  yardarms 
while  the  bights  of  the  hawser  were  secured  to  their  outer 
ends  by  stout  lashings. 

Forward,  two  spare  booms  were  rigged  24  ft.  outward, 
and  to  these  were  attached  a  secondary  steel  hawser  that 
encircled  the  ship  from  stem  to  stern.  Upon  the  main 
hawser,  at  distances  30  ft.  apart,  were  suspended  20  tor- 
pedoes, each  controlled  electrically,  and  so  arranged  as  to 
fire  on  a  closed  circuit  by  contact,  and  with  such  a  radius 
of  tire  that  any  boat  striking  the  hawser  within  a  space 
of  15  ft.  was  exposed  to  the  destructive  action  of  one  or 
two  torpedoes. 

Towing  astern  was  a  whale-boat  which  supported  a 
steam  pump  hose  in  such  a  position  that  a  vigorous  stream 
of  supposititious  hot  water  could  be  directed  against  any 
approaching  boat,  while  forward,  another  arrangement  of 
the  same  hose  enabled  this  method  of  defense  to  be  use- 
fully employed. 

Fifty  yards  astern  of  the  ship,  a  hawser,  carrying  spare 
booms  and  buoyed  by  empty  water  casks,  was  anchored, 
and  from  this  was  suspended  ropes  which  were  intended 
to  entangle  the  screws  of  the  attacking  steam  launches. 

Two  search-lights,  which  subsequently  did  most  effec- 
tive service,  were  mounted,  one  aft  on  the  starboard  and 
one  forward  on  the  port  side,  and  their  24-in.  lenses  were 
so  arranged  that  the  16,000  candle  power  developed  was 


directed  without  dispersion,  in  a  cylindrical  tube  of  light, 
close  to  the  water  and  with  a  range  of  over  1,500  yards. 

The  broadside  defense  being  nearly  perfect,  the  shifting 
6-in.  guns  were  trained  so  as  to  fire  fore  and  aft,  thus 
enabling  five  guns  to  be  brought  on  these  bearings,  while 
there  was  always  a  beam  fire  of  at  least  eight  pieces. 

It  will  be  seen  from  this  that  the  defense  consisted  of 
two  principal  lines — an  outer  one,  composed  of  search- 
lights, battery  and  guard  boats,  and  an  inner  one  of  haw- 
sers, spars,  booms  and  torpedoes. 

Contrary  to  general  expectation,  but  as  it  proved  with 
great  good  judgment,  Captain  Bunce  moved  his  vessel 
and  took  up  a  new  anchorage  further  seaward  in  the  outer 
harbor. 

Up  to  this  time  the  squadron,  consisting  of  the  flagship 
Richmond,  the  sloops  of  war  Atlanta,  Galena  and  Ossipee 
and  the  dispatch  boat  Dolphin,  had  been  disposed  in  a 
column  two  cables  apart  heading  N.  N.  E.  and  S.  S.  W., 
the  flagship  furthest  to  the  northward,  and  the  Atlanta 
at  the  southerly  end  of  the  line. 

In  this  position  certain  efTective  defenses  of  the  Atlanta 
were  neutralized,  while  her  rear  was  exposed  to  attack  in 
the  most  vital  part,  but  in  the  new  place  chosen  to  receive 
the  enemy,  a  large  section  of  ofTence  was  cut  off  by  the  in- 
terposition of  Rose  Island,  which  bore  about  northeast, 
distant  about  1,000  yards. 

The  day  had  opened  with  a  strong  gale  from  the  south- 
ward and  moderately  rough  water,  but  as  the  morning 
grew  the  wind  and  sea  subsided,  though  the  sky  was  still 
overcast  and  lowering.  As  the  sun  went  down  the  wind 
freshened,  and  the  ebb  tide  was  running  so  strongly  as  to 
promise  that  the  attacking  flotilla  would  have  a  severe 
task  in  taking  up  favorable  positions. 

At  7  o'clock,  the  Atlanta's  crew  went  quietly  to  quar- 
ters, all  lights  save  the  electric  battle  lanterns  were  ex- 
tinguished, and  with  unremitting  search  the  long  cylindri- 
cal beams  of  light  swept  the  encircling  waters  and  the 
land.  Soon  after  7,  the  umpire  selected  for  the  ship  re- 
ported on  board,  and  then  from  every  coign  of  vantage 
eager  eyes  peered  into  the  gloom  for  the  first  approach 
;    of  the  enemy. 

It  was  a  weird  and  striking  scene — the  dismantled 
ship,  the  silence  broken  only  now  and  then  by  quiet  words 
of  command,  the  stalwart  bluejackets  each  in  his  place, 
the  long  line  of  bright  lights  showing  at  the  rim  of  the 
[  town  and  fading  into  the  slight  rise  where  Miantinomi 
Hill  crowns  the  city,  the  muffled  pulsations  of  the  steam 
pumps  below,  and  outward  the  subdued  rush  of  the  busy 
guardboat  crossing  and  recrossing  within  the  boom  on 
the  line  of  attack  astern.  Everywhere  there  was  an  alert- 
ness, a  zeal,  which  spoke  volumes  of  praise  for  what 
these  trained  seamen  would  do  in  time  of  actual  war. 

There  was  a  quick  cry  of  recognition  about  7.30  o'clock 
as  the  starboard  search  light  caught  in  its  mesh  of  illumin- 
ation the  first  of  the  approaching  boats,  and  then  when 
the  agreed  time  had  elapsed  there  was  the  snappy  report 
of  a  fiery  signal,  and  then  an  answering  light  from  the 
disabled  boat — disabled  by  force  of  agreement.  From 
this  time  forward  it  was  one  succession  of  discoveries — 
boats  to  starboard,  boats  to  port,  boats  astern  and  boats 
ahead.  Nothing  escaped  those  pitiless  lights,  and  with 
the  colored  flaring  of  the  bursting  signals  there  came  at 
intervals,  when  the  discovery  was  made  close  aboard,  the 
sharp  rattle  of  the  Gatling-gun  cranks,  the  snap  of  the 
sharpshooters'  rifles  on  the  quarter  deck  and  superstruc- 
ture and  the  brief  decision  of  the  umpire  : 

"  Steam  launch  /V.rf«  disabled." 

"  Ossipee's  whaleboat  out  of  action." 

"  Galena's  gig" — and  very  close  did  this  one  and  the 
Dolphin's  steam  launch  come — "  Galena's  gig  and  Dol- 
pkin's  launch  disposed  of." 

There  is  not  much  more  to  tell,  except  to  say  that  of  all 
'  the  flotilla  not  one  was  enabled  to  get  within  any  destruc- 
tive distance  of  the  Atlanta — indeed,  so  complete  was 
the  work  of  defense  that  the  much  prized  hose  with 
its  supposititious  aqueduct  of  boiling  water  was  never 
called  into  play.  The  recall  was  sounded  at  9  o'clock  ;  the 
steam  launches  came  alongside  ;  the  pulling  boats  disem- 
barked their  umpires,  and  from  each  and  every  officer 
came  the  storv  : 
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■'  It  was  of  no  use  ;  we  were  discovered  before  we  got 
within  fair  fighting  distance,  and  by  the  rules  we  are  fairly 
whipped." 

Aluminum  Bronze  for  Heavy  Guns. 

Mr.  Alfred  H.  Cowles  reada  paper  on  the  subject  ex- 
pressed in  the  above  title  before  the  United  States  Naval 
Institute  at  the  meeting  held  in  Annapolis,  October  27. 
Advance  copies  were  issued  and  sent  to  a  large  number 
of  metallurgists  and  ordnance  officers,  who  were  invited  to 
discuss  the  question. 

A  brief  abstract  of  the  claims  made  in  Mr.  Cowles's  long 
and  interesting  paper  is  as  follows  ; 

The  question  for  discussion  embodied  in  the  paper  is  : 
"  How  near  can  aluminum  bronze  approach  the  require- 
ments of  a  perfect  gun-metal  ?  " 

Assuming  that  the  gun-carriage  takes  up  the  recoil,  a 
perfect  gun  might  be  described  as  a  gun  of  minimum 
weight  and  simplest  construction,  which  shall  be  able  to 
resist  a  ma.ximum  internal  pressure  without  permanent 
distortion,  and  thereby  be  enabled  to  throw  a  projectile 
with  maximum  energy.  It  is  impossible  to  attain  perfec- 
tion. For  safety,  the  metal  in  a  gun  should  have  the 
property  of  stretching  much  beyond  its  elasticity  ;  thereby 
danger  of  violent  explosion  is  greatly  diminished.  In 
order  to  make  the  nearest  approach  to  the  above,  the 
metal  ernployed  should  have  as  high  tensile  strength,  and 
elastic  limit,  and  as  great  elastic  extension  as  possible.  Its 
ductility  should  be  great,  if  it  can  be  obtained  without 
sacrificing  its  other  properties.  Hardness  to  resist  erosion 
is  not  a  principal  requirement,  as  it  is  now  a  common 
practice  to  protect  the  inner  wall  of  a  gun  with  a  steel 
tube  which  can  easily  be  removed.  Further,  and  of  great- 
est importance,  the  metal  should  be  of  such  a  nature  as 
to  enable  us  to  make  the  whole  gun  in  one  solid  piece, 
and  yet  attain,  as  near  as  possible,  a  finished  gun,  in  which 
the  initial  tensions  of  the  metal  shall  vary  from  the  bore 
outwards  to  correspond  exactly  with  the  variation  in 
strain  thrown  upon  its  ditTerent  parts  at  the  moment  of 
explosion. 

The  Rodman  cast-iron  guns  approach  these  require- 
ments, inasmuch  as  they  are  solid  throughout;  and  it  is 
to  be  noted  that,  although  steel  in  the  modern  built-up 
steel  guns  has  three  times  the  tensile  strength  of  cast-iron, 
yet  the  powder  pressures  that  are  obtained  in  service  show 
that  not  more  than  25  per  cent,  increase  in  efficiency  is 
gained  in  the  built-up  steel  gun  over  the  rifled  cast-iron 
guns,  and  the  latter  are  more  enduring. 

Recent  experiments  have  developed  the  fact  that  there 
are  numerous  alloys  of  aluminum  with  copper,  with  cop- 
per and  nickel,  and  with  copper  and  zinc,  castings  of 
which  equal  steel  forgings  in  their  physical  properties. 
With  these  alloys  at  command,  which  can  be  cast  more 
readily  than  cast-iron,  there  are  two  well-tried  methods 
of  fabrication  that  can  be  employed  to  give  solid  guns  of 
much  greater  destructive  power  than  can  possibly  be  ob- 
tained with  steel. 

First  the  Rodman:  Were  this  employed,  aluminum 
bronze  of  more  than  three  times  the  tensile  strength  of 
cast-iron  could  be  used.  The  temperature  at  which  this 
grade  of  bronze  solidifies  is  1,600°  Fahrenheit,  as  com- 
pared to  2,700°,  the  melting  temperature  of  cast-iron. 
With  this  low  temperature,  we  could  heal  the  outside  of 
the  mold  as  hot  as  the  molten  metal,  and  thereby  cause 
all  cooling  to  take  place  entirely  from  within.  This  would 
be  the  ideal  perfection  of  the  Rodman  method  of  casting 
guns. 

Second,  and  probably  the  best  method  to  follow,  is  the 
Dean  process.  In  this  case  the  gun  would  be  cast  in  an 
iron  mold  of  a  grade  of  aluminum  bronze,  castings  of 
which  have  a  higher  tensile  strength  and  ductility  than 
the  finest  quality  of  mild-steel  forgings.  The  solid  gun 
would  then  be  bored,  and  conical  chilled-steel  mandrils 
of  gradually  increasing  diameter  successively  driven 
through  the  bore.  The  metal  around  the  bore,  by  this 
process  of  cold  stretching,  would,  thereby,  be  given  a 
greater  strength  and  hardness,  a  higher  elastic  limit  and 


greater  elastic  extension.  These  properties  would  grad- 
ually vary  till  the  outer  circumference  of  the  gun  is 
reached,  where  the  metal  is  left  in  its  normal  condition  of 
great  toughness.  It  would  be  impossible  to  burst  such  a 
gun  with  four  times  the  powder  pressure  now  used  in  the 
built-up  steel  gun.  The  wall  would  be  solid.  There 
would  be  no  danger  of  crystallization.  The  finished  gun 
would  have  the  color  and  the  luster  of  gold.  It  would 
not  be  corroded  by  salt  water.  Plants  for  producing  alu- 
minum bronze  and  casting  such  guns  would  not  require 
more  than  one-third  as  great  an  outlay  in  capital  as  it  is 
proposed  to  invest  in  plants  for  the  construction  of  built- 
up  steel  guns,  and  not  one-quarter  the  time  would  be  nec- 
essary to  build  either  the  aluminum  plant  or  guns.  The 
mineral  resources  of  our  country  are  capable  of  supplying 
inexhaustible  quantities  of  the  raw  material  necessary  for 
the  production  of  aluminum  alloys.  Were  our  Govern- 
ment at  the  present  time  enabled  to  make  the  great  ad- 
vance proposed  above  in  the  art  of  gun  fabrication,  we 
would  render  valueless  against  us  the  present  armaments 
of  Europe.  Cast  guns  can  be  made  froni  aluminum  bronze, 
at  its  present  cheapened  price,  at  20  per  cent,  less  cost 
than  forged  guns  of  steel ;  and  further,  60  per  cent,  of 
this  cost  is  capital  stored  away  in  the  metal  of  the  gun, 
which  can  be  remelted  and  used  over  an  indefinite  num- 
ber of  times.  This  is  not  the  case  with  steel  guns,  which, 
when  once  destroyed,  are  a  total  loss,  98  percent,  of  their 
cost  being  in  their  fabrication. 


A  YEAR'S  WORK  OF  THE  SIGNAL   SERVICE. 

General  A.  W.  Greelv,  Chief  Signal  Officer  of  the 
United  States  Army,  has  submitted  to  the  Secretary  of 
War  his  annual  report  upon  the  operations  of  the  Signal 
Corps.  The  report  begins  by  inviting  attention  to  the 
condition  of  the  military  signaling  system,  and  says  that 
for  several  years  there  was  not  even  a  division  of  military 
signaling  in  the  office  of  the  Chief  Signal  Officer,  and  it 
is  only  within  the  past  18  months  that  the  slight  and  per- 
functory attention  paid  to  this  branch  of  the  service  has 
been  rectified. 

Despite  the  advisability  of  experiments  and  improve- 
ments for  such  active  service,  the  Chief  Signal  Officer 
regrets  to  say  that  the  field-telegraph  train  of  the  Signal 
Corps  is  practically  the  same  now  as  that  used  nearly  a 
quarter  of  a  century  since. 

The  system  of  visual  signaling  also  remains  the  same, 
with  reference  to  fiags  and  torches,  as  in  war  time. 
Efforts  are  being  made,  with  gradual  success,  to  simplify 
the  models  of  the  old  and  cumbersome  flag  kits  and  to 
replace  the  torches  by  a  more  satisfactory  and  economical 
element. 

It  is  intended  to  make  careful  experiments  during  the 
coming  year  with  homing  pigeons,  and  the  Chief  Signal 
Officer  has  directed  that  experiments  be  made  from  Key 
West  toward  Cuba,  with  the  expectation,  based  upon  the 
opinion  of  experts,  that,  bv  training  these  birds  in  flights 
from  seaward,  a  United  States  squadron  in  the  vicinity  of 
Havana  might  be  enabled  to  communicate  rapidly  and 
certainly  with  the  naval  station  at  Key  West.  If  such 
flight  be  possible  from  Cuba,  it  could  be  eventually  ex- 
tended to  the  Windward  Islands,  even  to  Nassau. 

Reference  is  made  to  the  good  results  attending  the 
use  of  expert  signalmen  in  General  Miles's  campaign,  and 
the  case  is  used  as  an  illustration  of  the  necessity  for 
special  training  and  drill  to  procure  officers  and  men 
whose  services  can  be  relied  upon  in  the  field.  It  is  said 
to  be  evident  from  the  record  of  this  and  past  years  that, 
instead  of  the  Army  being  properly  and  efficiently  drilled 
in  military  signaling,  there  is  not  an  average  officer  to  a 
regiment  who  is  competent  to  transmit  signals — by  sun, 
flag  and  torch— day  and  night,  except  those  who  have 
passed  through  a  regular  course  of  instruction  in  direct 
connection  with  this  office. 

Touching  weather  forecasts.  General  Greely  says  he 
has  been  strongly  urged  to  furnish  special  predictions  for 
cities,  towns  and  corporations — a  work  which,  so  far,  this 
office  is  unable  to  satisfactorily  undertake,  owing  to  the 
limited  time  which  elapses  between    the  receipt  of  the 
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temperature, 
t  satisfactory 
it  have  been 


telegraphic  reports  and  the  hour  at  which  the  predictions 
must  be  issued  to  the  general  public.  He  hopes,  however, 
during  the  ensuing  year,  to  make  arrangements  which,  in 
addition  to  providing  the  Northwest  with  more  accurate 
warnings  of  coining  cold  waves,  will  also  furnish  thcgreat 
centers  of  population  with  special  predictions. 

The  increase  in  the  length  of  hours  in  the  tri-daily  in- 
dications has.  it  is  said,  naturally  rcbulied  in  a  reduced 
percentage  of  verification,  the  diminution  amounting  to 
7  per  cent.;  but  it  is  believed  that  this  may  be  compen- 
sated for  by  increased  skill  and  practice.  On  this  point 
the  report  says : 

It  has  been  a  subject  of  complaint  that  the  indications  of 
this  service  have  not  improved  to  ti.e  extent  e-xpected,  and 
since  the  statement  has  been  officially  put  forth  that  the  in- 
dications are  made  by  the  same  officers  who  have  made  them  for 
years,  it  is  presumed  that  the  public  labors  under  the  same 
misapprehension. 

Such  is  not  the  fact,  as  within  the  past  three  or  four  years 
the  relief  of  the  old  officers  detailed  from  the  line  of  the  Army 
has  been  forced  upon  the  Chief  Signal  Officer  by  Legislative 
action.  In  consequence,  it  followed  that  the  young  officers  of 
the  Signal  Corps,  who  have  only  within  the  past  year  or  two 
received  any  extended  instruction  in  meteorology,  have  been 
assigned  10  this  important  duty.  Within  the  past  year,  three 
officers  have  necessarily  been  assigned  to  indications  work 
who  never  before  have  performed  duty  of  this  character. 

It  consequently  followed  that,  through  restrictive  legislation, 
the  Chief  Signal  Officer  finds  himself  compelled  to  permit  the 
new  officers  to  serve  their  apprenticeship  in  predicting  at  the 
expense  of  the  whole  country.  It  has  occurred,  as  might  be 
expected,  that  the  novices  in  the  work  at  times  made 
errors  that  subjected  the  service  to  criticism,  which,  well 
merited  in  such  cases,  cannot  be  considered  valid  criticism  of 
the  methods  followed  by  the  service. 

The  general  percentage  of  successful 
year    has    been:     For  weather,  74.5;  wind,  69. 
74.4;  a  general  average  of  73.9.     This  result  is 
to  the  Chief  Signal   Officer,  but   the  reasons  fc 
stated  as  above. 

Reference  is  made  to  the  discontinuance  of  the  West 
Indian  service,  and  its  renewal  is  suggested,  in  order  that 
notice  may  be  given  of  approaching  hurricanes. 

During  the  current  year  there  have  been  1,510  storm 
signals  of  all  kinds  ordered,  of  which  1,034,  or  68.5  per 
cent,  have  been  verified.  This  percentage  is  the  lowest 
for  years,  and  the  causes  therefor  are  those  set  forth  in 
treating  the  subject  of  indications  of  this  service. 

The  Bureau  has  in  view  the  early  display  of  signals 
which  will  not  only  indicate  whether  the  storm  is  to  be 
light  or  severe,  but  also  show  whether  winds  are  to  come 
from  a  special  quarter,  and — a  matter  at  times  of  great  im- 
portance—whether the  storm  center  is  approaching  or  has 
passed  the  station. 

In  order  to  meet  the  needs  of  the  Northwest  and  to 
comply  with  the  earnest  applications  from  citizens  and 
corporate  bodies  of  great  vested  values  the  Chief  Signal 
Officer  has  under  consideration  the  plan  of  stationing  an 
indication  officer  at  St.  Paul,  Minn.  This  arrangement 
would  enable  that  officer  to  receive  his  reports  upon  an 
average  of  an  hour  earlier  than  in  Washington,  and 
would  further  enable  him  to  send  out  warnings  of  cold 
waves  in  that  section  from  two  to  five  hours  earlier  than 
is  now  done.  Of  the  cold-wave  signals  sent  out,  78.06  per 
cent,  were  verified. 

The  Chief  Signal  Officer  has  faithfully  carried  out  the 
arrangements  authorized  by  the  Secretary  of  War,  which 
assured  Professor  Mascart,  Director  of  the  Central 
Meteorological  Office  of  Paris,  that  France  and  England 
should  have  the  hearty  co-operation  of  the  United  States 
Signal  Service  in  the  transmission  of  such  weather  de- 
spatches as  would  benefit  the  meteorological  service  of 
those  countries.  This  information  has  so  far  been  col- 
lected and  telegraphed  at  the  expense  of  the  English  and 
French  governments,  but,  in  view  of  the  hearty  and 
generous  co-operations  which  these  nations  have  always 
extended  in  any  scientific  matters  of  interest  or  value  to 
the  United  States,  it  is  recommended  that  the  attention  of 
Congress  be  called  to  the  propriety  of  making  an  appro- 
priation for  this  service,  which  would  scarcely  amount  to 
$r,ooo  a  year. 


1  Touching  the  river  and  flood  reports.  General  Greely 
says  it  seems  to  him  that  such  a  system  of  river  and  rain- 
fall .-tations  might  be  established  as  would  enable  a  prac- 
tised indication  officer  to  predict,  with  considerable  cer- 
tainty, the  extent  and  continuance  of  any  great  flood, 
many  days  in  advance,  so  that  timely  warnings  would 
alTord  ample  opportunity  for  such  precautions  as  would 

;    mitigate  the  severity  of  such  disasters. 

The  report  mentions  that  the  general  bibliography  of 

j  meteorology  is  nearly  completed,  the  subject  classification 
and  author  indexing  having  been  finished  during  the 
year,  in  addition  to  the  revision  of  the  material  on  hand 

j    and  the  collection  of  the  new  titles. 

I        The    recommendation   for  the   purchase  of  a  suitable 

I  building  in  Washington  for  the  use  of  the  bureau  is  re- 
newed, and  it  is  shown  that  the  result  would  be  economy 
in  the  saving  of  rental. 

ESriMATES. 

The  estimates  of  the  service  for  the  fiscal  year  ending 
June  30,  1889,  are  $80,155  '^ss  than  those  for  the  current 
fiscal  year.     The  re-arrangement  of  the  work  of  the  ser- 

,  vice,  the  discontinuance  of  certain  sections  of  telegraph 
lines,  an  improved  weather  code  and  other  changes  in  the 
direction  of  simplicity  and  economy  have  enabled  this 
considerable  reduction.  The  decreases  will,  it  is  said,  in 
no  way  affect  the  efficiency  of  the  present  service. 

General  Greely  concludes  his  report  with  a  plea  for  a 
regular  organization  of  the  corps,  pointing  out  the  faults 
of  the  existing  service  and  suggesting  an  organization 
comprising,  besides  the  Chief  Signal  Officer,  one  major, 
six  captains,  six  first  lieutenants,  two  professors  and  two 
junior  professors.  A  detail  of  six  lieutenants  selected 
from  officers  who  have  served  two  years  in  the  line  of  the 
Army  would  insure  material  from  which  the  corps  could 

I  be  properly  recruited  by  future  competitive  examinations. 
The  proposed  organization  would  leave  the  regular  corps 
with  fourteen  officers,  against  sixteen  at  present,  and  at 
practically  the  same  expense.  No  officer  should  be  pro- 
moted in  this  corps  without  examination  under  rules 
similar  to  those  in  force  in  the  Medical  and  Ordnance 
Services.  Regarding  the  enlisted  men  in  Washington,  he 
believes  that  the  interests  of  the  government,  both  in 
efficiency  and  economy,  would  btst  be  subserved  by  the 
discharge  from  the  .Army  of  the  purely  clerical  force  in 
the  City  of  Washington,  and  the  organization  of  a  civilian 
clerical  force,  such  as  now  obtains  in  the  offices  of  the 
Adjutant  General,  Surgeon  General,  Quartermaster  Gen- 
eral and  elsewhere. 


Steel  Lace. 

The  Pittsburgh  Chronicle-Telegraph  says:  "The  question 
of  making  laces  of  iron  and  steel  for  ladies'  and  children's 
wear  is  again  being  discussed  in  art,  mill  and  fashion  circles. 
At  the  Centennial,  in  1876,  a  piece  of  steel  rolled  by  a  Pitts- 
burgh mill  was  on  exhibition  which  was  so  thin  and  light  that 
it  weighed  much  less  than  a  book  leaf,  and  could  be  blown 
from  the  hand  easier  than  a  piece  of  paper  of  the  same  size. 
The  iron  leaf  was  rolled  on  a  train  of  rolls  upon  which  heavy 
tank  and  boiler  iron  is  now  rolled. 

"  Experts  say  that  curtains  and  other  fine  laces  can  be  made 
of  soft  malleable  iron,  and  in  every  way  be  used  with  greater 
satisfaction  than  cotton  laces.  The  sheets  will  necessarily 
have  to  be  rolled  down  to  an  exceedingly  low  gauge  and  then 
pressed  into  any  desirable  pattern  and  shape.  There  will  be 
no  trouble  in  furnishing  iron  laces  for  ladies'  and  children's  wear, 
with  their  names  and  other  ornamentations  in  filigree  design. 
An  introduction  of  steel  lace  would  establish  in  Pittsburgh  an 
industry  that  would  give  work  to,  at  least,  3.000  men  and  con- 
sume annually  not  less  than  76,000  tons  of  steel,  which  is  now 
a  drug  in  the  market  at  less  than  2  cents  a  pound.  Steel  lace, 
unlike  cotton,  can  be  made  light  or  heavy  without  affecting  the 
grade,  color  or  brightness.  We  may  yet  see  fashionable 
ladies  wearing  steel  shawls  and  trimmings  for  their  hats  and 
dresses." 

Messrs.  Bowler  &  Co.,  Cleveland,  O.,  manufacturers  of 
car-wheels,  have  just  completed  a  new  foundry.  The  building 
is  a  substantial  structure.  140  (t.  wide  and  200  ft.  long,  contain- 
ing 16  cranes  and  molding  floors,  and  each  floor  holding  20 
wheels. 
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CATECHISM  OF  THE  LOCOMOTIVE. 
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By  M.  N.  Forney. 

(Copyright,  1887,  by  M.  N.  Forney.) 

CHAPTER  I. 

FORCE  AND   MOTION. 

QUKSTION   I.     How  do  we  get  our  _first  notion  of  the  nature 

of  the  effect  offeree  ?  \ 

Answer.     It  is  suggested  to  us  by  the  so-called  muscular 
sense  ;  that  is,  we  have  a  peculiar  feeling  of  pressure  when  we    | 
try  to  move  any  object  or  piece  of  matter. 
Question  2.      What  is  ^' force?" 

Answer.  We  know  nothing  about  the  absolute  nature  of 
force.  All  that  we  know  is  what  we  can  learn  through  the 
senses  of  its  effects.  It  has  been  defined  as  "that  which 
affects  the  motion  of  matter;"  and  again  as  "any  action  be- 
tween two  bodies  which  changes,  or  tends  to  change,  their 
relative  condition  as  to  rest  or  motion."  In  the  plainer  words 
of  a  distinguished  author*  "  the  word  force  is  obviously  to  be 
applied  to  any  pull,  push,  pressure,  tension,  attraction  or  re- 
pulsion, etc  ,  whether  applied  by  a  stick  or  a  string,  a  chain  or 
a  girder,  or  by  means  of  an  invisible  medium  "  such  as  the 
attraction  of  gravitation  or  electricity." 

Qi'ESTlON  3.  How  is  the  motion  of  one  body  in  relation  to 
others  produced  ? 

Answer.     It  is  produced  by  the  e.xertion  on  it  of  force. 
Question  4.     Are  bodies  ever  made  to  move  in  any  other  wav 
excepting  by  the  action  of  some  force  or  forces  on  them  ? 

Answer.  No.  Part  of  what  is  called  the  first  law  of  motion 
is  that  ' '  a  body  at  rest  remains  at  rest  until  some  force  acts  upon 
it  to  set  it  in  motion." 

Question  5.  What  is  the  other  portion  of  the  first  law  of 
motion  ? ' ' 

Answer.  "  That  a  body  in  motion  continues  with  its  motion 
unchanged,  either  in  direction  or  velocity,  until  acted  upon  by  some 
external  force."  Thus  a  top  can  be  made  to  spin  in  the  open 
air  for  a  minute  or  more,  but  in  a  vacuum  it  will  spin  a  much 
longer  time,  because  there  it  has  not  the  resistance  of  the 
atmosphere  to  overcome.  If  it  be  accurately  balanced  and  re- 
volves on  a  small  steel  point  which  bears  on  a  glass  plate,  it 
can  be  made  to  spin  in  a  vacuum  for  an  hour  or  longer,  because 
there  the  resistance,  or  force,  which  is  opposed  to  its  revolution 
is  reduced  to  the  lowest  possible  amount.  Nevertheless,  this 
force,  however  small,  will  check  the  speed  of  the  revolutions 
of  the  top,  and  finally  it  will  cease  to  spin  altogether.  As  there 
is  always  some  force  which  resists  motion,  there  is  a  corre- 
sponding tendency  which  causes  bodies  about  us,  as  we  know 
them,  to  come  to  a  state  of  rest. 

Question  6.  When  is  motion  said  to  be  uniform  ? 
Answer.  When  a  body  passes  over  equal  spaces  in  equal 
periods  of  time.  Thus,  the  motion  of  the  minute  hand  of  a 
clock  is  uniform,  because  it  passes  over  equal  spaces  on  the 
clock  face  in  each  minute  or  hour.  A  railroad  train  is  said  to 
have  a  uniform  velocity  when  it  runs  successive  miles  in  the 
same  number  of  minutes  or  seconds. 

Question  7.  What  is  meant  by  accelerated  and  retarded 
motion  ? 

Answer.  Motion  is  accelerated  when  the  spaces  passed  over 
in  equal  periods  of  time  become  greater  and  greater,  and 
motion  is  retarded  when  these  spaces  become  smaller  and 
smaller.  Thus,  if  a  railroad  train  should  run  one  mile  in  five 
minutes,  the  next  one  in  four,  and  the  following  ones  in  three 
and  two  minutes  each,  its  motion  would  be  said  to  be  accelerated. 
A  stone  falling  from  any  height  is  another  example  of  accel- 
erated motion.  On  the  other  hand,  a  railroad  train,  when  it  is 
being  stopped,  and  a  stone  thrown  upward  are  examples  of  re- 
tarded motion. 

Question  8.  What  is  meant  by  uniformly  accelerated  or  uni. 
formly  retarded  motion  ? 

.Answer.  Motion  is  said  to  be  uniformly  accelerated  or  re- 
tarded when  the  increase  or  diminution  of  velocity  in  each 
interval  of  time  is  the  same.  Thus,  if  a  railroad  train  should 
have  a  velocity  of  two-tenths  of  a  mile  at  the  end  of  the  first 
minute,  three  tenths  at  the  end  of  the  second,  four-tenths  at 
the  end  of  the  third  and  five-tenths  at  the  end  of  the  fourth,  its 
moti  n  would  be  said  to  be  uniformly  accelerated.  A  falling 
body  is  another  example.  Its  velocity  is  32.2  feet  per  second 
at  the  end  of  the  first  second,  64.4  at  the  end  of  the  second, 
gfj.e  at  the  end  of  the  third,  etc.  In  the  case  of  the  railroad 
train,   the  velocity  is  increased  one-tenth   of  a   mile   for   each 


minute,  and  that  of  the  falling  body  is  increased  32.2  feet  for 
each  second. 

Question  9.  Hoiu  is  the  velocity  of  a  moving  body  increased 
or  diminished/' 

Answer.  By  the  action  of  force  on  it.  If  this  force  is  ex- 
erted in  the  direction  of  the  movement  of  the  body,  its  velocity 
will  be  increased  so  long  as  the  force,  or  the  motive  power  as 
many  call  it,  is  greater  than  the  resistance  opposed  to  it. 
Whenever  the  motive  power  equals  the  resistance,  then  the 
moving  body  will  have  a  uniform  speed  ;  and  when  the  resist- 
ance becomes  greater  than  the  moving  form,  the  velocity  will 
be  retarded. 

Question  10.  How  is  this  illustrated  in  a  railroad  train  and 
a  locomotive  ? 

Answer.  When  the  locomotive  starts,  the  speed  of  the  train 
is  increased,  until  its  resistance  is  equal  to  the  force  or  power 
exerted  by  the  engine.  If  the  train  reaches  a  grade,  and  its 
resistance  is  consequently  increased,  its  speed  will  be  retarded. 
On  a  level,  the  speed  will  also  be  retarded  if  steam  is  shut  off, 
either  partially  or  wholly,  so  as  to  diminish  the  force  or  power 
which  the  engine  exerts. 

Question  ii.  What  relation  is  there  between  the  force  exerted 
on  a  moving  object  and  its  velocity  ? 

Answer.  With  any  object  of  a  given  weight,  the  greater  the 
force  exerted  the  quicker  will  the  speed  be  increased  or  dimin- 
ished. Every  boy  has  learned  this  in  drawing  a  wagon  or  sled 
or  in  trying  to  stop  one  in  motion. 

Question  12.  Do  we  know  how  much  the  velocity  of  a  moving 
body  will  be  increased  or  diminished  by  a  known  force  '( 

Answer.  Yes,  this  has  been  ascertained  by  the  effect  of  the 
attraction  of  gravitation,  which  causes  all  objects  to  fall 
toward  the  center  of  the  earth  if  their  movement  is  not  resisted 
by  some  greater  force. 

Question  13.  What  is  the  rate  of  acceleration  of  falling 
bodies  ? 

Answer.  It  has  been  found  by  the  most  exact  expeiiments, 
that  at  the  surface  of  the  earth  all  bodies  falling  in  a  vacuum, 
where  the  air  offers  no  resistance,  acquire  a  velocity  of  32.2 
feet  per  second  at  the  end  of  the  first  second,  64.4  feet  at  the 
end  of  the  second  second  and  96.6  feet  at  the  end  of  the  third, 
and  so  on  with  an  increase  of  32.2  feet  for  each  successive 
second. 

Question  14.  Can  this  increase  in  motion  be  represented  in 
any  way  by  a  drawing? 

Answer.  Yes,  we  can  draw  a  diagram  which  will  show  to 
the  eye  the  rate  at  which  a  body  falls.  To  do  this  let  us  sup- 
pose that  a  stone  is  allowed  to  fall  from  o,  fig.  i,  and  that  the 
distance  o  I  is  drawn  to  any  convenient  scale  to  represent  the 
distance,  16. i  feet,  that  it  will  fall  in  the  first  second;  i  2  the 
distance,  48.3  feet,  that  it  will  fall  the  second  second  ;  and  2  3, 
34.45  and  5  6  the  distances  it  will  fall  in  successive  seconds. 
If  now  from   I  a  horizontal  line,  i    i',   be  drawn  whose  length 
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represents  32.2  leet,  the  velocity  the  stone  will  acquire  at  the 
end  ol  the  first  second,  and  2  2',  3  3',  etc.,  be  diawn,  each  rep- 
resenting  ihe  velocity  in  feet  per  second  that  the  stone  has  ac- 
quired at  the  end  of  the  successive  seconds,  and  a  curve,  o  l'  2' 
3'  4'  5'  6",  be  drawn  through  the  extremities  of  the  horizontal 
lines,  then  the  horizontal  distance  of  the  curve  from  any  point 
in  the  vertical  line  o  6  will  represent  the  velocity  of  the  stone 
at  that  point. 

Question   15.      Jn  what  way  may  this  diagram  be  modified? 

.Answer.  For  some  purposes,  which  will  be  explained  in  a 
future  chapter,  it  is  more  convenient  to  make  the  spans  o  i. 
I  2,  2  3,  etc.,  between  the  horizontal  lines,  which  represent 
seconds,  equal  to  each  other  as   in  fig.  2.     The   lines  I  l',  2  2'. 
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etc.,  can  then  be  drawn  as  in  the  preceding  diagram,  and  the 
line  o  l'  2'  \\  passing  through  iheii  extremities,  will  then  be  a 
straight  line  if  the  fall  of  the  stone  is  uniformly  accelerated, 
as  it  would  be  if  it  fell  in  a  vacuum. 

Question  16.  //i>w  is  the  law  which  governs  the  velocity  of 
falling  bodies  still  further  illustrated  by  the  diagrams  ? 

Answer.  Before  this  question  is  answered  it  will  again  be 
explained,  and  should  be  clearly  understood  by  the  reader, 
that  in  fig.  I  the  spaces  between  the  horizontal  lines  represent 
the  distances  through  which  the  stone  falls  in  successive 
seconds,  whereas,  in  fig.  2  the  spaces  represent  the  periods  of 
time  or  seconds  occupied  by  the  fall. 

In  both  figures,  the  lines  t  i'  represent  the  velocity,  32.2  feet 
per  second,  that  the  stone  has  acquired  at  the  end  of  the  first 
second.  If  its  fall  was  not  still  further  accelerated  than  the 
dotted  line,  i'  i"  would  represent  its  velocity.  But  in  falling 
from  I  to  2  it  again  acquires  an  addition  of  32.2  feet  per 
second. — represented  by  the  line  a  2' — to  its  velocity,  so  that 
at  the  end  of  the  second  second  it  is  64.4  feet.  By  examining 
the  diagram,  it  will  be  seen  that  during  each  second  of  the  fall 
the  velocity  previously  acquired  by  the  stone  is  increased  by 
the  amounts  represented  by  the  lines /Sj>',  c 4' ,  df  andr6",  each 
equal  to  32.2  feet. 

Ql  ESTION  17.  //ow  is  the  law  which  governs  the  distance 
through  wnich  a  body  will  fall  illustrated  by  the  diagram  ? 

Answer.  As  shown  in  fig.  2  the  stone  starts  from  a  state 
of  rest  at  o,  and  at  the  end  of  the  first  second  has  acquired 
a  velocity  of  32.2  feet  per  second.  Its  average  velocity  during 
the  first  second  is,  therefore,  one-half  of  32.2  feet,  so  that  it  falls 
16.  t  feet  in  that  time.  As  it  has  acquired  a  velocity  of  32.2 
feet  at  the  end  of  the  first  second,  it  would  fall  that  distance 
during  the  second  second,  but  during  that  time  it  acquires  an 
additional  velocity  of  32.2  feet  which  will  cause  its  fall  16. i  feet 
further  than  it  would  if  it  was  not  accelerated  duiing  that 
period.  The  distance  that  it  will  fall  in  the  second  second  is 
32.2 


therefore  32.2  - 


^,^8.3  feet.     From  the  diagrams  it  will  be 


light  one.  It  is  assumed  that  they  are  suspended  by  very  long 
cords  so  that  the  arc  or  path  in  which  they  swing  does  not 
differ  appreciably  from  a  straight  line. 

Question  24.  //  this  is  the  case  why  is  it  that  a  heavy  object 
will  fall  as  quickly  as  a  light  one  f 

Answer.  It  is  because  its  weight,  which  is  the  force  that 
causes  the  heavy  body  to  fall,  is  proportional  to  its  inertia 
Th.-U  is,  each  pound  of  inertia— if  we  may  so  express  it — has 
one  pound  of  weight  or  force  to  impel  the  body  downward. 

Question  25.  Would  a  force  acting  upward,  horizontally  or 
in  any  other  direction  have  the  same  effect  ? 

Answei.  Yes,  if  it  acted  against  a  body  which  could  move 
freely  and  without  any  other  resistance  excepting  that  of  its 
own  inertia. 

Question  26.  //ow  can  this  be  more  clearly  illustrated  and 
explained? 

Answer.  To  make  this  clear,  we  will  again  suppose  that  we 
have  a  cannon-ball,  B,  fig.  3,  suspended  by  a  very  long  string 
so  that  it  can  move  freely,  and  the  arc  in  which  it  will  be  re- 
quired to  swing  will  not  differ  appreciably  from  a  straight  line. 
We  will  also  suppose  that  we  have  a  long  cylinder,  C,  with  a 
piston,  /',  and  rod,  /{,  fitted  in  it  so  that  they  can  move  freely  in 
the  cylinder — the  rod  /!  being  attached  to,  or  bearing  against, 
the  cannon-ball  B.  If.  now,  we  were  to  admit  steam  or  com- 
pressed air  into  the  cylinder  by  the  pipe  .V,  of  such  a  pressure 
that  the  force  exerted  on  the  cannon-ball  is  equal  to  its  weight. 


seen  that  in  each  successive  second  the  distance  that  the  stone 
falls  is  16. 1  feet  more  than  that  through  which  it  fell  the  pre- 
ceding second. 

Question  18.  //ow  can  the  velocity  of  a  falling  body  be  cal- 
culated ?* 

Answer.  As  shown  by  the  diagrams  the  velocity  which  a 
stone  acquires  is  equal  to  32.2  feet  per  second  at  the  end  of  the 
first  second  ;  at  the  end  of  the  second  second  it  is  twice  32.2  ; 
at  the  end  of  the  third  second  it  is  three  times,  and  so  on  ;  so 
that  if  we  multiply  j2. 2  by  the  number  of  seconds  that  the  body 
has  fallen  will  give  its  velocitv. 

Question  19.  Now  is  the  distatue  through  which  a  body  will 
fall  in  a  given  time  calculated? 

Answer.  Multiply  the  suuare  of  the  number  of  seconds ,  that  the 
body  has  fallen,  by  16. 1.      The  product  will  be  the  distance  fallen. 

Question  20.     Do  all  bodies  fall  at  the  same  velocity  ? 

Answer.  In  a  vacuum,  where  the  atmosphere  offers  no  re- 
sistance, they  all  fall  at  the  same  velocity.  A  feather  will  fall 
as  fast  as  a  piece  of  lead,  and  a  cannon  ball,  weighing  one 
pound,  will  fall  as  quickly  as  one  weighing  a  hundred. 

Question  21.  What  relation  is  there  bet-i'eeii  the  7oei^ht  and 
the  motion  of  a  body? 

Ansii'er.  The  heavier  a  body  is,  the  greater  will  be  the  force 
required  to  move  it  and  to  accelerate  or  retard  its  motion. 
This  we  all  learn  by  ordinary  experience,  as  in  drawing  a 
wagon  or  moving  a  piece  of  furniture.  We  are  apt  to  attribute 
it  to  the  fact  that  the  friction  ol  heavy  objects  when  rolling  or 
sliding  is  greater  than  light  ones,  which  is  part  of  the  reason 
why  m  ire  force  is  required  to  move  them  ;  but  if  we  suspend 
two  cannon  balls,  one  weighing  one  pound  and  the  other  a 
hundred  pounds,  by  long  cords,  so  that  they  can  swing  freely 
like  a  pendulum,  with  little  or  no  friction,  we  will  find  that  it 
takes  a  much  greater  force  to  move  the  heavy  ball  than  is 
needed  to  move  the  light  one  the  same  distance  in  the  same 
time.  In  this  case  there  is  hardly  any  resistance  excepting  iner- 
tia, which  opposes  the  swinging  of  the  balls. 

QUES I  TON  22.       IVhat  is  meant  by  i)icrlia  ? 

Answer.  It  is  defined  as  "  that  property  of  matter  by  which 
it  tends  when  ai  rest  to  remain  so,  and  when  in  motion  to  con- 
tinue in  motion." 

Question  23.  What  relation  is  there  between  the  weight  and 
the  inertia  of  a  body  ? 

Answer.  They  are  proportional  to  each  other.  That  is,  a 
body  weighing  a  hundred  pounds  has  twice  as  much  inertia  as 
one  weighing  fifty.  It  will  be  found  that  the  heavy  suspended 
cannon  ball  will  take  a  hundred  times  as  much  force  to  cause  it 
to  saving  a  given  distance  in  a  given  time  as  is  needed   for  the 

•    Thi; 


^P=r 


Fig.  3- 

then,  assuming  that  there  is  no  friction  of  the  piston,  the  ball 
would  be  moved  in  the  direction  in  which  the  force  or  pressure 
on  it  is  exerted,  and  in  a  given  time  it  would  acquire  the  same 
velocity  that  it  would  if  it  were  all.-ucd  to   fall  freely.     In   the 


JICp 


Fig.   4. 


% 

arc  case,  the  pressure  in  the  piston  acting  in  a  horizontal 
direction  is  the  accelerating  force,  and  in  the  other,  the  accel- 
erating force  is  the  attraction  of  gravitation  or  weight  of  the 
cannon-ball  which  acts  downward.      If  these   forces  are   equal 
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to  each  other  the  velocity  and  acceleration  of  the  suspended 
ball  in  a  horizontal  direction  will  be  the  same  as  if  it  was 
allowed  to  fall  vertically  an  equal  distance. 

If  we  had  a  vertical  cylinder  as  shown  in  tig.  4  with  a  ball,  B, 
piston  P  and  rod  R.  then  if  the  pressure  in  the  piston  was 
equal  to  its  own  weight  and  that  of  the  rod  and  ball,  the  two 
forces,  that  is,  the  pressure  under  the  piston  actinfj  upward  and 
the  attraction  of  gravitation  acting  downward,  would  just 
balance  e  ich  other,  and  there  would  be  no  motion.  If,  how- 
ever, the  pressure  against  the  piston  was  double  that  of  the 
weight  on  it,  then  there  would  be  an  upward  force  equal  to 
twice  the  weight  of  the  parts,  which  would  be  resisted  by  their 
inertia  alone.  Consequently,  under  these  conditions  the 
cannon-ball  would  fall  upward — if  such  an  expression  may  be 
used — at  the  same  velocity  that  it  would  fall  downward  by  its 
own  weight. 

Question  27.  If  the  force  acting;  on  a  moving  body  is  in- 
creased or  diminished  what  effect  does  it  have  on  the  velocity. 

Answer.  The  velocity  is  in  exact  proportion  to  the  force 
acting  on  it.  If  you  double  the  force,  you  double  the  velocity. 
Thus,  if  the  cylinder  shown  in  fig.  4  was  turned  upside  down, 
and  a  pressure  was  then  produced  on  top  of  the  piston  equal 
to  the  weight  attached  to  it,  then  there  would  be  two  forces 
acting  downward  on  the  cannon-ball — its  own  weight  and  that 
due  to  the  pressure  on  the  piston.  If  the  two  are  equal  then 
the  cannon  ball  would  fall  at  double  the  velocity  that  it  would 
if  acted  upon  by  gravitation  alone.  This  principle  is  applied 
to  steam-hammers,  which  are  so  arranged  ihat  when  a  light 
blow  is  required  the  hammer-head  is  allowed  to  fall  by  its  own 
weight  alone,  but  when  a  harder  blow  is  needed  steam  is 
admitted  above  the  piston  to  force  it  and  the  hammer-head  1 
down  faster  that  it  would  fall  by  its  own  weight.  \ 

CHAPTER  II. 
THE   FORCES   OF   AIR   AND   STEAM. 

Question  28.      IVhat  is  meant  by  the  pressure  0/ the  air  f  > 

Answer.     It  is  the  force  exerted  by  the  weight  of  the  air  on 
every  point  with  which  it  is  in    contact.     The   globe   of    the    '< 
earth  is  surrounded  by  a  layer  of  air  about  50  miles  thick,  and, 
like  every  other  substance,  the  air  possesses  weight,  and  hence 
presses  upon  every  object  with  which  it  is  in  contact. 

Question  2g.     How  can  it  he  shown  that  air  possesses  weight? 

Ans7ver.  By  weighing  a  flask  when  it  is  filled  with  air,  and 
again  when  the  air  is  exhausted  from  it.  In  the  latter  condition 
the  weight  of  the  flask  will  be  found  to  be  sensibly  less  than  it 
was  when  full  of  air,  showing  that  the  air  which  the  flask  con- 
tained when  it  was  first  weighed  increased  its  weight. 

Question  30.       IVhy  do  we  not  feel  this  pressure  on  our  bodies  ? 

Answer.  Because  the  air  surrounds  us  on  all  sides,  and 
presses  just  as  much  in  one  direction  as  it  does  in  another,  so 
that  the  pressures  in  different  directions  just  balance  e-ch  other, 
or  are  in  equilibrium  ;  but  if  the  air  presses  on  one  side  only 
of  an  object  as  it  does  when  you  suck  the  air  from  a  tube  closed 
at  one  end  and  you  cover  the  open  end  with  your  tongue,  the 
air  then  presses  your  tongue  against  the  tube,  and  the  one 
appears  to  adhere  to  the  other ;  or  if  the  air  be  sucked  out  of  a 


tube,  one  end  of  which  is  inserted  in  a  liquid,  the  latter  will  be 
forced  up  the  tube.  A  piece  of  thick  leather  under  ordmary 
conditions  will  not  adhere  to  anything,  but  if  it  be  thoroughly 
wet  and  pressed  hard  against  the  surface  of  a  smooth  stone. 
so  as  to  force  out  the  air  from  under  it,  the  stone,  as  nearly 
all  school  boys  know,  can  be  lifted  up  if  a  string  is  attached  to 
the  leather.  These  phenomena  are  due  to  the  pressure  of  the 
atmosphere;  in  t'  e  first  case  on  one  side  of  the  person's  tongue. 


pressing  ii  agamsi  ilu-  mouth  of  the  tube  ;  in  the  second,  to  the 
weight  ol  the  air  piessing  on  the  surface  of  the  liquid,  forcing 
it  into  the  vacuum  in  the  tube,  and  in  the  last,  to  the  same  pres- 
sure on  the  top  of  the  leather,  causing  it  to  adhere  to  the 
stone. 

Question  31.  What  is  the  amount  of  the  pressure  of  the 
atmosphere,  and  how  is  it  measured  ? 

Answer.  It  is  usually  measured  by  the  pressure  on  one 
square  inch  of  surface,  which,  at  the  earth's  surface,  is  15 
pounds.*  If,  for  example,  we  have  a  cylinder,  A,  fig.  5,  with 
an  air-tight  piston,  B,  fitted  to  it  whose  area  is  just  one  square 
inch,  if  through  the  tabe  C  we  exhaust  the  air  from  the  cylinder 
above  the  piston,  the  air  will  press  against  the  under  side  of 
the  piston  so  that,  if  no  power  is  required  to  overcome  its 
friction  in  the  cylinder,  the  pressure  of  the  air  will  raise  a 
weight  of  15  pounds.  The  pressure  of  the  air  varies,  however, 
as  you  ascend  or  descend  from  the  surface  of  the  earth,  because 
as  you  go  up  on  a  mountain  or  in  a  balloon  the  layer  of  air 
above  you  becomes  thinner,  and,  therefore,  its  weight  and 
consequent  pressure  are  diminished  ;  and  as  you  descend,  as  in 
a  deep  mine,  the  layer  is  thicker,  and  its  pressure  consequently 
greater. 
Question  32.      What  is  steam? 

Answer.  In  the  dictionary,  steam  is  defined  as  "the  elastic, 
aeriform  fluid  into  which  water  is  converted,  when  heated  to 
the  boiling  point,"  or,  in  other  words,  steam  is  water  changed 
by  means  of  heat  into  a  gas.  It  is  the  transparent  fluid  which 
escapes  from  the  mouth  of  a  tea-kettle  when  the  water  in  it  is 
boiling.  The  visible  cloud  which  escapes  from  boiling  water 
and  is  seen  in  the  form  of  mist  at  the  mouth  of  the  exhaust- 
pipe  of  a  steam  engine  is  not  true  steam.  It  is  rather  small 
particles  of  water,  into  which  the  steam  has  condensed  through 
contact  with  the  cold  air.  True  steam  is  invisible,  as  we  may 
observe  near  the  mouth  of  a  kettle  or  the  exhaust-pipe  of  an 
engine  from  which  we  know  it  is  escaping.  At  every  temper- 
ature there  is  formed  from  water,  on  its  surface,  vapor  of  which 
the  clouds  are  formed  at  all  seasons  of  the  year.  This  change 
of  water  into  vapor,  or  evaporation  of  water,  takes  place  at 
low  temperatures  only  on  its  surface,  however.  But  if  we 
heat  water  in  a  vessel  to  a  temperature  of  212  degrees  Fahren- 
heit, then  the  inner  particles  of  the  mass  of  water  (lying  on  the 
heating  surface  of  the  vessel)  are  changed  into  steam,  and  rise 
to  the  surface  in  bubbles,  which  is  the  phenomenon  we  call 
boiling. 

Question  33.  If  water  is  heated  in  an  open  vessel,  what 
occurs  ? 

Answer.  It  continues  for  some  time  to  increase  in  tem- 
perature, and  the  evaporation  becomes  more  and  more  rapid. 
At  length  bubbles  of  vapor  break  out  and  reach  the  surface, 
and  the  process  of  boiling  or  ebullition  has  begun.  When  this 
takes  place,  the  temperature  of  the  water  ceases  to  rise,  and 
it  remains  stationary  until  all  the  water  has  boiled  away,  the 
only  difference  being  that  if  the  supply  of  heat  be  very  great 
the  process  is  very  rapid,  and  if  the  supply  of  heat  be  small  the 
process  is  very  slow.  The  point  at  which  ebullition  com- 
mences is  called  the  boiling  point. 

Question  34.  On  what  does  the  boiling-point  depend? 
Answer.  Chiefly  on  the  pressure  on  the  surface  of  the 
water,  but  to  some  extent  upon  the  purity  of  the  water.  Thus, 
boiling,  which  takes  place  at  212  degrees  under  the  ordinary 
atmospheric  pressure,  in  lighter  air,  as  on  high  mountains, 
takes  place  at  a  much  lower  temperature  than  on  lowlands,  and 
so  water  boils  in  a  glass  tu'  e  from  which  the  air  has  been 
exhausted  by  the  warmth  of  the  hand,  that  is,  at  92  degrees. 
Question  35.  What  is  the  pressure  of  steam  which  escapes 
from  boiling  water  in  an   open  vessel? 

Answer.  It  is  exactly  equal  to  the  pressure  of  the  atmos- 
phere in  which  it  is  boiled.  Ordinarily,  this  is  15  lbs.,  and  the 
boiling-point  212  degrees;  but  if  we  go  up  on  a  mountain 
where" the  atmospheric  pressure  is  only  10  lbs.  per  square  inch, 
the  water  will  then  boil  at  a  temperature  of  193  3  degrees,  and 
the  steam  which  escapes  will  have  the  same  pressure  as  the 
atmosphere,  or  10  lbs.  per  square  inch.  On  the  other  hand,  if 
we  could  go  down  into  a  mine  where  the  atmospheric  pressure 
was  20  lbs.  per  square  inch,  the  water  would  not  boil  until  it 
was  heated  to  22S  degrees,  and  the  pressure  of  the  escaping 
steam  would  then  be  20  lbs.  per  square  inch. 

Question  36.  If  water  is  boiled  in  an  enclosed  vessel,  like  a 
covered  tea-kettle  or  a  steam-boiler,  what  t^ccurs  ? 

.-Ins'.i'er.  The  steam  rises  and  fills  the  space  above  the  water. 
and.  if  it  cannot  escape,  increases  in  pressure.  The  tempera- 
ture of  both  the  water  and  the  steam  rises  with  the  pressure, 
and  will  continue  to  do  so  as  long  as  the  heat  is  increased,  or 
until  the  steam  can  escape,  or  the  vessel  is  exploded.  The 
boiling  point  also  rises  .as  the  steam  prc-sure  increases. 

•In  common  practice  it  is  cenerally  to'.en  at  15  lbs.  rer  square  inch,  but 
the  average  atmDspheric  pressure  is,  nior-  rccurately,  14.7  pounds 
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Question  37.  How  can  this  effect  ht  itlustralai'/ 
Answer.  It  can  be  shown  if  we  take  a  glass  tubi-  T,  fig.  7, 
closed  at  its  lower  end,  and  put  a  small  quantity  of  water  in  it, 
and  then  force  a  cork,  C,  which  fits  the  tube,  or  a  wad  of  cotton 
saturated  with  tallow,  down  on  top  of  the  water,  and  then  hold 
the  lower  end  of  the  tube  over  a  spirit  lamp  or  gas  flame,  and 


Fig-  7- 


Answer. 
perature,  wh< 
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Fig.  9. 


posing,  as  we  did  before,  that  no  power  is  required  to  overcome 
its  friction  in  the  cylinder — then,  if  the  pressure  of  the  steam 
thus  admitted  below  the  piston  would  just  balance  the  pressure 


heat  it  slowly,  so  as  not  to  crack  the  glass  tube.  Bubbles  of 
steam  will  then  form  at  the  bottom  of  the  water,  as  shown  in 
fig.  8.  These  will  rise  to  the  top,  and  will  soon  force  the  cork 
or  wad  of  cotton  upward  with  more  or  less  violence,  in  pro- 
portion to  the  tightness  with  which  it  fits  the  tube,  and  the 
rate  at  which  the  water  is  boiled. 

Question  38.     Is  there  any  pressure  which  corresponds  to  the 
temperature  of  steam  and  water? 

Yes.     There  is  a  fixed  pressure  for  every  tem- 


contact  with  water,  and  its  pressure 
cannot  be  increased  or  diminished  without  at  the  same  time 
heating  or  cooling  the  water,  and  the  higher  the  temperature 
of  the  water  the  greater  will  be  the  corresponding  steam  pres- 
sure. Thus  water  at  212  degrees  produces  steam  with  a  pres- 
sure equal  to  that  of  the  atmosphere  ;  at  240  degrees,  the  steam 
will  have  a  pressure  of  25  lbs.  per  square  inch,  or  10  lbs.  more 
than  the  atmospheric  pressure  ;  at  281  degrees,  a  pressure  of 
50  lbs.;  and  at  328  degrees,  100  lbs.  As  this  relation  of  pres- 
sure to  temperature  is  fixed,  if  we  know  the  one  we  can  tell 
the  other.  This  is  true,  however,  only  where  the  steam  is  in 
contact  with  water,  when  it  is  called  saturated  steam.  If  it  is 
separated  from  water,  it  may  be  heated  to  a  higher  temperature 
without  increasing  its  pressure  in  the  same  proportion,  and  it 
is  then  called  superheated  steam. 

Question  39.     How  is  the  pressure  of  steam  measured? 

Answer.  In  the  same  way  as  that  of  the  atmosphere — that 
is,  by  the  force  exerted  on  one  square  inch  of  surface.  Thus, 
if  steam  is  admitted  into  the  cylinder  A,  fig.  9,  under  the  piston 
B,    whose  area  is  equal   to  one  square  inch  of  surface- — sup- 


of  the  atmosphere  above  it,  the  steam  pressure  would  be  equal 
to  15  lbs.  If,  besides  overcoming  the  pressure  of  the  atmos- 
phere, the  steam  below  the  piston  would  raise  a  weight,  Jf,  of 
15  lbs.,  then  its  pressure  per  square  inch  would  in  reality  be 
equal  to  30  lbs.  per  square  inch.  If  the  pressure  of  the  atmos- 
phere is  included  or  added  to  that  of  steam  atwve  it,  it  is  called 
its  absolute  pressure.  In  ordinary  high-pressure  steam  engines, 
however,  the  steam  must  always  overcome  the  pressure  of  the 
atmosphere,  and  therefore  the  only  part  of  the  pressure  which 
is  effective  is  that  above,  or  by  which  it  exceeds,  the  atmos- 
pheric pressure.  This  is  therefore  called  the  effective  or  work- 
ing pressure.  For  example,  although  the  steam  admitted  under 
the  piston  in  fig.  9  has  an  absolute  pressure  of  30  lbs.  per 
square  inch,  yet  it  will  only  raise  a  weight  ol  15  lbs.,  because 
it  must  first  overcome  the  pressure  ol  the  air  on  the  other  side 
of  the  piston.  The  pressure  of  the  steam  used  in  most  station- 
ary and  in  locomotive  engines  is,  therefore,  measured  by  its 
pressure  above  the  atmosphere.  That  is,  if  steam  introduced 
under  the  piston  in  fig.  g  will  raise  a  weight  of  only  15  lbs., 
we  say  it  has  a  pressure  of  15  lbs.  per  square  inch  ;  if  it  will 
raise  50  lbs.,  its  pressure  is  said  to  be  50  lbs.  per  square  inch, 
and  so  on.  The  pressure  of  the  atmosphere  is  disregarded, 
and  all  steam-gauges  used  on  locomotives  are  graduated  in 
that  way.  In  speaking  of  steam  pressure  in  future,  therefore, 
unless  otherwise  specified,  we  shall  mean  effective  or  working 
and  not  absolute  pressure. 

Question  40.      What  is  meant  by  the  expansion  of  steam? 

Answer.  In  all  gases  a  repulsion  is  exerted  between  the 
various  particles,  so  that  any  gas,  however  small  in  quantity, 
will  always  fill  the  vessel  in  which  it  is  held.  Steam  possesses 
this  same  property,  and,  if  placed  in  any  vessel,  the  particles  in 
endeavoring  to  separate  from  each  other  will  exert  a  force  on 
all  its  sides.  This  force  we  call  the  steam  pressure.  To  illus- 
trate this  we  will  suppose  that  the  cylinder  .-/  in  fig.  g  is  half 
filled  with  steam  of  30  lbs.  pressure.  If,  now,  the  supply  of 
steam  is  shut  off,  the  steam  in  the  cylinder  will  expand  so  as 
to  push  the  piston  upw-ird,  but  with  a  somewhat  diminishing 
force,  the  nature  of  which  will  be  explained  hereafter. 

Question  41.      What  is  meant  by  the  volume  of  steam  ? 

Answer.     It  means  the  space  which  the  steam  occupies. 

Question  42.  What  is  the  proportion  which  exists  between  the 
volume  hnd  the  absolute  pressure  of  steam  ? 

Answer.  If  the  temperatures  remain  the  same  they  are  in- 
versely PKOPORTIONAL  TO  EACH  OTHER  ;  that  is,  the  one 
increases  in  the  same  proportion  as  the  other  diminishes. 
If  we  admit  steam  of  30  lbs.  pressure  per  square  inch  into 
the  cylinder  A,  fig.  9,  and  then  cut  off  the  supply  by  closing 
the  cock  Cand  allow  the  steam  in  the  cylinder  to  expand  to 
double  its  volume  by  pushing  the  pistor  to  the  end  of  the 
cylinder,  the  steam  pressure  will  then  be  only  15  lbs.;  if  it 
should  expand  to  three  times  its  volume  its  pressure  would  be 
only  one-third,  or  10  lbs.  per  square  inch.  This  method  for 
calculating  the  pressure  of  steam  after  it  has  expanded  is  cor- 
rect only  for  the  absolute  and  not  for  the  effective  pressures  of 
steam.  In  order  to  ascertain  the  effective  pressures  of  steam 
after  expansion,  it  is  only  necessary  to  make  the  calculation 
with  the  absolute  pressure  and  deduct  the  atmospheric  pres- 
sure from  the  result.  If.  after  being  thus  expanded,  the  piston 
be  pushed  down  again  so  as  to  compress  the  steam  into  its 
original  space,  its  pressure  will  again  be  30  lbs.,  providing  no 
heat  has  been  lost  in  any  way. 

Question  43.  With  a  cylinder  of  any  given  stroke*  how  can 
we  determine  approximately  the  pressure  of  the  steam  after  expan- 
sion for  any  given  point  of  cut-off  ?  f 

Answer.      By  multiplying   the   absolute   pressure    per 

SQUARE  INCH  OF  THE  STEAM  IN  THE  CYLINDER  BEFORE  IT  IS 
CUT  OFF,  BY  THE  DISTANCE  FROM  THE  BEGINNING  OF  THE 
STROKE  AT  Vl-HICH  IT  IS  CUT  OFF,  AND  DIVIDING  THE  PRO- 
DUCT BY  THE  WHOLE  LENGTH  OF  THE  STROKE.  Thus,  if  We 
have  a  cylinder  whose  piston  has  a  stroke  of  24  inches,  if  we 
cut  off  the  steam  at  8  inches,  and  have  an  absolute  pres- 
sure of  go  lbs.  in  the  cylinder,  the  calculation  is  as  follows: 

90  X  8  ,,       c      , 

^ =10  lbs.  final  pressure. 

24 
If  we   cut  off   at  10,   12  and  15  inches,  the   final   pressure 
would  be  yjYz,  45  and  56^  lbs.,  respectively.      To   get  the 
effective  pressure  deduct  the  atmospheric  pressure  from  this 
result. 

Question  44.  What  is  the  proportion  between  the  volume  of 
steam  and  that  of  the  water  from  which  it  is  formed? 

Answer.  At  the  pressure  of  the  atmosphere  (15  lbs.)  each 
cubic  inch  of  water  will  make  1,610  cubic  inches  of  steam.     At 


.  piston  is  the 


the  cylii 


i  always  twice  the  length  of  the  crank,  measured  from 
enter  to  center  of  the  shaft  and  crank-pin. 
tThe  steam  is  said  to  be  cut  o^v/hea  the  steam-port  or  opening  by  which 
team  is  admitted  to  the  cylinder  is  closed  by  the  valve. 
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double  that  pressure,  or  30  lbs.  absolute  pressure,  it  will  make 
a  little  more  than  half  as  much,  or  838  cubic  inches  ;  at  four 
times,  or  do  lbs.  absolute  pressure,  437  cubic  inches,  or  a  little 
more  than  a  fourth  as  much  as  at  the  pressure  of  the 
atmosphere. 

Question  45.  ir/iy  is  it  that  the  quantity  of  steam  at  high 
pressures  is  somewhat  greater  than  in  inverse  proportion  to  the 
pressure  ? 

Answer.  Because  the  boiling-point  of  water,  as  has  already 
been  explained,  is  higher  as  the  pressure  increases,  and  there- 
fore the  temperature  of  the  steam  produced  at  such  pressure  is 
also  higher  than  at  lower  pressures  ;  and,  as  all  gases  are  ex- 
panded by  heat,  therefore  the  volume  of  steam  at  the  higher 
pressures  is  somewhat  greater  than  in  inverse  proportion  to 
its  pressure,  on  account  of  being  somewhat  expanded  by  its 
high  temperature.  To  make  this  plain,  if  wc  take  a  cubic  inch 
of  water  and  convert  it  into  steam  of  atmospheric  pressure, 
its  volume  will  be  1,610  times  that  of  the  water  and  its  tem- 
perature 212  degrees.*  If  we  convert  this  quantity  of  water 
into  steam  with  a  pressure  double  that  of  the  atmosphere,  the 
volume  of  the  steam  will  be  S3S  times  that  of  the  water  and 
its  temperature  will  be  250.4  degrees.  If  the  volume  of  the 
steam  were  exactly  inversely  proportional  to  the  pressure,  the 
cubic  inch  of  water  at  double  the  atmospheric  pressure  would 
make  only  S05  cubic  inches  of  steam;  but,  as  the  boiling-point 
at  that  pressure  is  38.4  degrees  higher,  the  steam  is  expanded 
33  cubic  inches  by  the  increase  of  its  heat  due  to  the  higher 
boiling-point. 

Question  46.      Whnt  is  meant  by  the  condensation  of  steam  ? 

Answer.  It  is  the  reconversion  of  steam  into  water  by 
cooling  it,  or  depriving  it  of  part  of  its  heat.  It  has  been 
shown  that  the  temperature  of  water  must  be  raised  to  a 
certain  point  to  generate  steam  of  a  given  pressure.  If  the 
process  is  reversed,  and  we  deprive  the  steam  of  a  part  of  its 
heat,  some  of  the  steam  is  then  at  once  reconverted  into  water, 
or  condensed,  and  the  pressure  of  that  which  remains  will  be 
reduced  just  in  proportion  as  the  heat  is  lost.  When  the  tem- 
perature gets  below  212  degrees  under  atmospheric  pressure, 
all  the  steam  will  be  condensed.  As  the  useful  work  which 
steam  can  do  in  an  engine  is  due  to  its  pressure,  which,  in  turn, 
depends  on  its  temperature,  any  loss  of  heat  will  diminish  its 
effective  power.  For  this  reason,  all  waste  of  heat  from  a 
steam  engine  should,  as  far  as  possible,  be  prevented. 

Question  47.  How  is  the  heat  of  the  steam  wasted  or  lost  in 
an  ordinary  steam  engine  ? 

Answer.  It  is  wasted  in  three  ways  :  first,  by  conduction  ; 
second,  by  convection  ;   and  third,  by  radiation. 

Question  48.      What  is  meant  by  these  three  terms  ? 

Answer,  (i.)  By  conduction  is  meant  that  phenomenon 
which  is  manifested  when  we  put  one  end  of  a  metal  bar,  two 
or  three  feet  long,  into  the  fire  and  heat  it.  The  heat  is  then 
gradually  conveyed  from  one  particle  of  the  metal  to  that  next 
to  it  until  finally  the  end  of  the  bar  farthest  from  the  fire  may 
become  so  hot  that  it  cannot  be  touched.  The  heat  is  then 
said  to  be  conducted  through  the  bar.  In  the  same  way  the 
metal  of  the  boiler,  pipes,  cylinders  and  other  parts  of  the 
engine  becomes  heated  on  one  side,  and  the  heat  is  thus  con- 
veyed to  the  outside  of  these  parts. 

(2.)  The  air  with  which  they  are  surrounded  then  becomes 
heated,  and.  being  then  lighter  than  the  cold  air,  it  rises  and  is 
again  replaced  with  air  which  is  not  heated.  In  this  way  the 
heat  is  conveyed  away  by  the  air,  and  this  phenomenon  is  there- 
fore called  convection, 

(3.)  If  an  iron  plate  be  placed  in  front  of  an  ordinary  grate 
fire,  three  or  four  feet  from  it  and  exposed  to  the  rays  of  heat 
from  the  fire,  it  wilt  soon  become  so  hot  that  you  cannot  bear 
your  hand  on  it.  If  you  place  your  hand  between  the  iron 
plate  and  the  fire  you  will  find  that  only  the  side  of  your  hand 
which  is  exposed  to  the  fire  will  become  hot;  showing  that  the 
air  between  the  plate  and  the  fire  is  not  nearly  so  hot  as  the 
plate  soon  becomes,  and  therefore  that  the  heat  is  not  con- 
veyed to  the  plate  by  the  air  between  it  and  the  fire,  but  by 
the  rays  from  the  fire.  This  phenomenon  is  called  radiation. 
The  same  thing  occurs  from  any  hot  body,  as,  for  example,  a 
coil  of  steam  pipe  for  heating  a  room,  a  steam  boiler,  or 
cylinder  of  an  engine. 

Question  40.  Is  there  any  difference  in  the  conducting  and 
radiating  power  of  different  substances  ? 

Answer.  Yes.  very  great.  The  difference  in  the  conducliug 
power  of  wood  and  iron  is  shown  if  we  place  one  end  of  a  bar 
of  each  in  the  fire.  The  wood  will  be  consumed  without 
warming  the  bar  more  than  a  few  inches  from  the  fire,  where- 
as the  iron  will  soon  become  hot  two  or  three  feet  from  the 
fire.     Owing   to   the   difference    in    the   conducting   power  of 

'  More  accurately,  213.  i  degrees,  if   we  call  the  atmospheric  pressure 
lbs. 


cotton  and  wool,  we  wear  cotton  clothing  in  summer  and  woolen 
in  winter,  because  cotton  allows  the  heat  of  the  body  to  be 
conducted  away  from  it,  whereas  woolen  cloth  prevents  to  a 
great  degree  this  loss  of  heat.  For  the  same  reason,  the 
venders  of  roasted  chestnuts  on  our  streets  wrap  them  in  a 
piece  of  blanket  to  keep  them  hot,  that  is,  to  keep  the  heat  in  ; 
and  in  summer  we  wrap  ice  in  the  same  way  to  keep  it  cold, 
that  is,  keep  the  warmth  of  the  air  out.  The  wool,  being  a 
very  bid  conductor  of  heat,  simply  prevents  the  heat  from 
being  transferred  from  the  inside  to  the  outside,  and  lice  versa.. 
It  is  for  this  reason  that  steam  boilers,  pipes  and  cylmders  are 
nearly  always  covered  with  wood,  and  sometimes  with  felt. 

The  difference  in  the  radiating  power  of  various  substances 
can  be  shown  if  we  take  a  large  thermometer  and  heat  it  up  to 
the  temperature  of  boiling  water.  If  this  thermometer  is 
hung  up  in  a  room  having  the  temperature  of  melting  ice,  it 
v?ill  lose  in  two  ways — first,  by  heatint;  the  air  which  surrounds 
it,  that  is,  hy  convection,  and  also  by  radiation.  In  order  to 
confine  ourselves  to  the  latter  process,  we  will  suppose  that 
the  chamber  is  a  vacuum.  If  we  first  cover  the  bulb  of  the 
thermometer  with  a  thin  coating  of  polished  silver,  and  then 
ascertain  how  much  heat  it  radiates  in  a  minute,  and  then  coat  it 
with  lamp-black  and  repeat  the  same  experiment — that  is  to- 
say,  allow  the  thermometer  at  the  boiling-point  to  cool  for  one 
minute  in  a  vacuum  chamber  at  the  freezing-point — it  will  be 
found  that  the  thermometer  loses  much  more  in  a  minute 
when  coated  with  lamp-black  than  it  did  when  coated  with 
silver,  showing  that  much  more  heat  is  radiated  from  a  sur- 
face covered  with  lamp-black  than  from  polished  silver. 
Generally,  it  may  be  stated  that  polished  metals  radiate  much 
less  heat  than  surfaces  which  are  not  polished.*  For  this 
reason,  as  well  of  for  ornament,  locomotive  and  other  boilers 
and  cylinders  arc  usually  covered  with  Russia  iron  or  polished 
brass. 

CHAPTER  III. 

ON    WORK,  ENERGY   AND   THE   MECHANICAL 
EQUIVALENT   OF   HEAT. 

Question  50.      For  what  purpose  are  all  steam  engines  used? 

Answer.  They  are  used  to  produce  motion,  which  is  opposed' 
by  some  resistance.  Thus,  if  an  engine  is  employed  to  raise 
grain  from  a  railroad  car  to  the  top  of  a  warehouse,  it  must 
produce  motion,  which  is  resisted  by  the  weight  of  the  grain  ; 
if  it  is  used  to  saw  wood,  it  must  give  motion  to  the  saw, 
which  is  resisted  by  the  fibers  of  the  wood  ;  a  locomotive  en- 
gine must  produce  motion  of  a  train  of  cars,  which  is  resisted 
by  the  air,  the  friction  of  the  journals  and  the  rolling  of  the 
wheels  on  the  track  ;  if  the  locomotive  is  employed  on  a  grade 
or  incline,  besides  the  frictional  resistance  referred  to,  it  must 
overcome  that  due  to  its  own  weight  and  that  of  the  train, 
which  is  gradually  lifted  as  it  ascends  the  incline.  In  pro- 
ducing motion  opposed  by  some  resistance  an  engine  is  said 
to  be  doing  "work." 

Question  51.     Can  this  work  be  accurately  measured  ? 

Answer.  Yes  ;  but  in  order  to  measure  anything  we  must 
first  establish  some  accurate  standard  or  unit  of  measurement. 
Thus,  we  say  a  bar  of  iron  is  so  many  inches  long,  or  a  road  is 
so  many  miles  long.  In  like  manner  we  speak  of  so  many 
seconds,  or  minutes,  or  hours,  or  days,  or  years,  when  we 
speak  of  time.  So  it  is  necessary,  in  order  to  estimate  or 
measure  "  7i'ork"  in  a  strictly  scientific  manner,  for  us  to  fix 
upon  some  accurate  standard  or  unit.  In  this  country  and  in 
Great  Britian  the  unit  agreed  upon  for  this  purpose  is  the 
amount  of  power  required  to  raise  one  roUNii  cm  koot,  and 
is  called  a  foot-pound.  If  we  raise  one  pound  two  feet  we  do 
two  foot-pounds  of  work  ;  if  three  feet,  three  foot-pounds,  and 
so  on.  Again,  if  we  raise  a  weight  of  two  pounds  one  foot 
high,  we  likewise  do  two  foot-pounds  of  work  ;  or  if  we  raise 
it  two  feet  high,  we  do  four  foot-pounds,  and  so  on.  In  order 
to  determine  the  amount  of  work  done,  we  must  MULTIPLY 
THE  MOTION  PRODICED  (in  feet)  KV  THE  RESISTANCE  (iW 
pounds),  AND  rHE  result  will  he  the  work  done  in  FOOT- 
POUNDS. 

Question  ^i.^How  many  foot-pounds  of  work  are  performed 
in  a  pile-driving  machine  in  raising  a  weight  of  1,300  lbs. 
24  feet? 

Answer.     1,200  X  24=28,800  foot-pounds. 

Question  53.  When  this  weight  is  raised,  is  the  force  which 
was  exerted  in  raising  it  annihilated  or  lost  ? 

Answer.     No  ;  because  the  weight  has  the  capacity  of  doing- 
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ao  equal  amount  of  work  when  it  falls,  from  the  momentum* 
it  acquires  in  (ailing.  This  power  of  doing  work  which  it 
acquires  in  falling  is  called  energy.  Now.  although  the  weight 
has  no  motion-producing  power  when  it  is  raised  lo  the  lop  of 
the  machine,  yet,  obviously,  such  action  is  then  f-osiible  which, 
when  it  rested  on  the  earih,  was  not  possible.  It  has  no  en- 
ergy as  it  hangs  there  dead  and  motionless  ;  but  energy  is 
possible  to  it,  and  we  might  fairly  use  the  term  possible  energy 
to  express  this  power  of  motion  which  the  weight  possesses,! 
and  which  is  therefore  caWeil  potential  energy.  As  soon  as  the 
weight  is  allowed  to  fall  it  acquires  a  greater  velocity  the 
farther  it  falls,  and  its  potential  energy  thus  becomes  and  is 
called  actual  energy. 

Question  54.  Now  do  we  explain  such  phenomena  as  the 
heating  of  a  car-axle  while  turning  under  a  car,  the  heating  of 
brake-blocks  when  the  brakes  are  applied  to  car-wheels,  the  heating 
of  an  iron  rod  by  hammering,  and  of  a  turning  tool  when  cutting 
a  piece  of  metal  ? 

Answer.  All  of  these  phenomena  are  due  to  the  fact  that 
the  actual  energy  of  motion  is  converted  into  heat,  as  has  been 
repeatedly  proved  by  many  able  and  ingenious  investigators 
and  experiments. 

Question  55.  When  the  weight  of  the  pile-driver  falls,  is  its 
energy  also  converted  into  heal  ? 

Answer.  A  part  is  expended  in  compressing  the  material 
into  which  the  pile  is  driven  and  in  overcoming  the  friction  of 
the  earth  against  the  pile,  each  of  which  efforts  develops  heat, 
and  another  portion  is  converted  into  heat  by  the  impact  or 
blow  of  the  falling  weight  on  the  head  of  the  pile. 

Question  56.  /s  all  energy  convertible  into  heat  and  heat  into 
energy  ? 

Answer.  Yes.  Science  has  demonstrated  very  clearly  that 
they  are  mutually  convertible. 

Question  57.  Has  it  been  ascertained  how  much  heal  is 
equivalent  to  one  foot-pound  of  work  ? 

Answer.  Yes.  It  has  been  found,  from  the  most  carefully- 
made  experiments  that  the  amount  of  heat  which  is  required  to 
raise  the  temperature  of  one  pound  of  liquid  .water  by  one 
degree  of  Fahrenheit  ^  is  equivalent  to  772  foot-pounds  of 
work.  It  must  be  remembered  that  this  is  the  theoretical 
equivalent  of  heat,  and  that  only  a  very  small  proportion  of 
this  amount  of  work  is  ever  realized  from  the  heat  developed 
by  the  combustion  of  fuel. 

Question  58.  If,  then,  heat  is  convertible  into  work  and 
work  into  heat,  can  the  transmutation  of  the  heat  of  the  steam  in 
the  cylinder  of  an  engine  into  work  and  the  reverse  process  be 
explained  ? 

Answer.  Take  a  cylinder,  fig.  10,  and,  in  order  to  make  the 
conditions  of  the  experiment  as  simple  as  possible,  imagine  it 
to  be  placed  in  a  vacuum.  Now  let  saturated  steam  be  admit- 
ted under  the  piston  so  as  to  fill  the  cylinder  half  full  at  an 


Fig.   10. 


absolute  pressure  of  100  lbs.  If  we  will  allow  this  steam  to 
expand  to  double  its  volume  and  raise  the  piston  without  doing 
any  work,  and  then  repeat  the  experiment  with  a  load  of  50 
pounds  on  the  piston,  whose  area  is  one  square  inch,  it  will  be 
found  that  the  temperature  of  the  steam  is  sensibly  less,  after 
lifting  the  weight,  than  in  the  previous  experiment,  in  which  it 
expanded  without  doing  work,  showing  that  part  of  the  heat  was 
abstracted  from  the  steam  by  doing  work,  or,  in  other  words, 
was  converted  into  work.  If  then,  after  the  steam  has  expanded 
and  lifted  the  weight,  we  press  the  piston  down  so  that  the 
steam  under  the  piston  is  compressed  to  its  original  volume, 
we  shall  find  that  its  temperature  is  the  same  as  before,  as  the 
work  done  in  compressing  it  is  converted  into  heat.  In  these 
experiments  it  is  assumed  that  there  is  no  friction  of  the  piston, 
nor  loss  of  heat  from  radiation  or  conduction.  The  same 
phenomena  can  be  observed  in  machines  used  for  compressing 
air.     In  these,  the  air  is  heated  to  so  high  a  temperature  when 

♦Momentum  is  not  a  very  exact  term,  but  is  used  here  because  it  or- 
dinarily conveys  the  idea  we  wish  to  express. 

t  Considered  as  a  Mode  of  Motion." 

re  divided  into  different  scales.     The  one  called  the 

fter  its  originator,  is  the  one  ordinanly  used  in  this 


tTyndall's  "  ? 

X  Thermometer 

Fahrenheit  scale 


it  is  compressed  that  it  is  sometimes  necessary  to  cool  the 
cylinders  by  circulating  a  current  of  cold  water  around  them. 

Question  sg.  What  practical  relation  is  there  between  the 
coni'crtibility  of  heat  into  work  and  the  conducting  and  radiating 
properties  of  different  substances  explained  in  answer  to 
Question  4g  f 

.■inswer.  The  fact  that  heat  is  only  another  form  of  energy, 
or  "the  power  of  doing  work,"  indicates  that  its  loss  by  con- 
duction or  radiation  lessens  that  power  just  as  much  as  or 
more  than  the  loss  or  waste  of  coal  would,  and  therefore  every 
effort  should  be  made  to  protect  the  different  parts  of  engines 
from  loss  of  heat  by  covering  them  with  substances  which 
conduct  or  radiate  very  little  heat.  Care  should  also  be  taken 
to  exclude  cold  air  froin  circulating  in  contact  with  these  parts, 
and  excepting  for  supporting  combustion,  the  nature  of  which 
will  be  explained  hereafter,  it  should  be  excluded  from  the 
heating  surface  of  boilers. 

Question  60.      What  is  meant  by  the  term  latent  heat  of 

EV.\POKATION  ? 

Ans7ver.  By  latent  heat  is  meant  that  heat  which  apparently 
disappears  when  water  or  other  liquids  are  vaporized.  Thus, 
it  is  found  that  if  any  quantity  of  water  is  converted  into  steam 
at  any  pressure,  it  is  necessary  not  only  to  heat  the  water  to  a 

I  temperature  equivalent  to  that  of  the  steam,  or  to  the  boiling- 
point,  but  after  the  water  has  reached  that  temperature  an 
additional  amount  of  heat  must  be  added  in  order  to  keep  up 
the  process  of  boiling.     Notwithstanding  this  addition  of  heat 

[    to   the   water,  the  temperature  of  the  steam  produced  will  not 

,  be  higher  than  that  of  the  boiling  water,  thus  showing  that  a 
considerable  quantity  of  heat  is  absorbed,  the  only  effect  of 
which  is  to  change  the  water  into  a  gas  or  steam.  This 
apparent  disappearance  of  heat  can  be  shown  if  we  take  a 
pound  of  boiling  water  whose  temperature  is  212  degrees  and 

!    mix  it  with  a  pound  of  ice-cold  water  at  32  degrees  tempera- 

'    ture.     The   result   will  be  a  mixture  of  two  pounds  of  water  of 

!    a    mean    temperature  of    122  degrees.     If  now  we   convert   a 

!  pound  of  water  into  steam  at  atmospheric  pressure,  the  steam 
will  heat  6.37  lbs.  of  ice-cold  water  up  to  122  degrees,  showing 
that  a  pound  of  steam  at  atmospheric  pressure  contains  over 
six  times  as  much  heat  as  a  pound  of  water  of  the  same  tem- 
perature as  indicated  by  a  thermometer.  A  similar  apparent 
disappearance  of  heat  occurs  when  other  liquids  are  evap- 
orated, and  when  ice  or  any  other  solid  is  converted  into  a 

I    liquid. 

I         Question  61.      What  is  the  explanation  of  these  phenomena? 

\        Answer.     The  exact  reasons  which  will  explain  them  fully 

1  are  probably  not  yet  clearly  understood,  but  it  is  at  least 
extremely  probable  that  when  any  substance  is  changed  from 

1  a  solid  to  a  liquid,  or  from  a  liquid  to  a  gaseous  condition,  "  a 
large  portion  of  the  heat  is  spent  in  doing  work  against  the 
force  of  cohesion."*  The  particles  of  solid  bodies,  as  we 
know,  are  so  united  that  it  requires  more  or  less  force,  accord- 
ing to  the  nature  of  the  substance,  to  tear  them  apart.  Now, 
we  can  conceive  that  the  heat  is  changed  into  a  form  of 
energy,  and  in  that  condition  resists  this  attraction  of  the 
particles  to  each  other,  and  that  being  thus  transformed  it 
has  lost  the  capacity  of  expanding  the  mercury  in  the  ther- 
mometer. \  similar  effect  takes  place  when  a  liquid  is  con- 
verted into  a  gas.  In  the  former  condition  the  particles  move 
freely  about  each  other  and  have  little  or  no  attraction  for 
each  other,  but  when  it  becomes  a  gas  they  have  a  repulsion 
from  each  other.  The  heat  is  thus  converted  into  the  energy 
of  repulsion,  and  therefore  is  in  reality  no  longer  in  the  con- 
dition of  heat  and  consequently  does  not  affect  the  ther- 
mometer.    We   can  illustrate  this  by  supposing  that,  by  using 

!  steam,  heat  is  converted  into  work  by  raising  the  weight,  or 
drop  as  it  is  called,  of  a  pile-driving  machine.  When  the 
weight  is  raised  to  the  top  of  the  guides  from  which  it  falls, 

i  although,  as  already  explained,  the  heat  is  converted  into 
potential  energy,  yet  if  we  attached  a  thermometer  to  the  drop 
we  would  not  find  that  it  was  any  warmer  than  before  the  drop 

'  was  raised.  If  it  were  possible  to  make  an  instrument  suffic- 
iently sensitive  to  indicate  an  instantaneous  change  of  tem- 
perature in  the  weight  while  falling,  we  would  not  find  any  in- 
crease of   its   temperature  at   the   instant    it   had  acquired   its 

.  greatest  momentum  and  just  before  it  struck  the  object  under 
it,  although  its  potential  energy  would  at  that  instant  be  con- 
verted into  actual  energy  of  motion.  If,  however,  the  weight 
should  strike  an  unyielding  object,  its  actual  energy  would  at 
once  be  reconverted  into  heat,  which  our  thermometer  would 
indicate.  The  phenomenon  of  what  is  called  latent  heat  of 
evaporation  seems  to  be  very   similar  to  that  described — the 

'     heat  when  the   water  is   changed   from  a  liquid  to  a  gaseous 
condition  is  transformed  into  energy,  which,  as  already  stated, 
(    has  no  effect  upon  the  mercury  of  the  thermometer. 

1         *  Balfour  Stewart  on  the  Conservation  of  Energy. 
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Question  62.      ll'Aat  is  meant  6y  the  total  ukat  of  steam  ? 

Answer.  The  "total  heat  of  steam"  is  a  phrase  used  to 
denote  the  sum  of  the  heat  required  to  raise  the  temperature 
of  water  from  some  given  point  up  to  the  boiling-point  due  to 
a  given  pressure,  and  of  the  heat  which  disappears  in  evap- 
orating one  pound  of  water  under  a  given  pressure  (or  latent 
heat  of  e^iaporatioii).  Thus,  the  latent  heat  of  one  pound  of 
steam  at  atmospheric  pressure  (14.7  lbs.)  is  g66.  i  units;  and 
212  units  of  heat  arc  necessary  to  raise  water  from  zero  to  the 
boiling-point  ;  therefore,  the  total  heat  counted  from  zero  of 
steam  of  atmospheric  pressure  is  1,178.1  units.  At  100 
pounds  absolute  pressure  the  latent  heat  is  885.5  and  'he 
sensible  heat  327.  tj  degrees  ;  therefore  the  total  heat  measured 
from  zero  is  1,213.4  units. 


CHAPTER  IV. 
THE  STEAM   ENGINE. 

blQuESTlON  63.  What  is  the  motive  power  employfd  in  nn/imuv 
steam  engines? 

Answer.     The  expansive  force  of  steam. 

QtlESTION  64.     How  is  this  expansible  force  of  steam   applied? 

Answer.  It  is  applied  by  admitting  it  into  a  cylinder  {A ,  fig. 
II)  in  which  a. piston,  B,  is  fitted  so  as  to  move  air-tight  from 
one  end  of  the  cylinder  to  the  other.  The  steam,  if  admitted' 
at  f,    will  force  the    piston    B    tu    the   opposite    end*    of    the 


Fig. 


cylinder.  When  it  has  reached  that  end, 
to  escape,  and  a  fresh  supply  is  admitted  to  the  other  end  ^ 
cylinder  through  the  opening  D,  it  will  move  the  piston 
again.  In  this  way,  by  alternately  admitting  steam  at  on 
and  exhausting  it  from  the  other,  the  piston  receives  a 
rocating  motion,  which  is  communicated  to  the  outside   c 


no  longer  produce  a  rotary  movement  of  the  crank  and  shaft. 
The  same  thing  will  occur  when  the  crank  is  in  the  opposite 
position.  These  two  positions  arc  called  the  dead-points  of  the 
crank. 

Question  66.  How  is  the  crank  of  an  ordinary  steam  engine 
carried  past  the  dead  points? 

Answer.  A  stationary  engine  usually  has  a  large  and  heavy 
wheel,  called  a.  Jly-wheel,  /'/•',  Plate  I,  which  is  attached  to  the 
shaft  .v.  This  wheel  receives  a  suificient  amount  ol  momentum 
from  the  crank,  while  the  latter  is  moving  from  one  dead-point 
to  the  other,  to  carry  it  past  those  points. 

Question  67.  How  is  the  steam  admitted  to  and  exhausted 
from  the  cylinder? 

Answer.  It  is  admitted  through  two  channels,  cc'  and  dd" 
called  steam-ways,  cast  in  the  cylinder.  These  ways  terminate 
in  a  smooth,  flat  surface,  ff,  called  the  valve-seat.  The 
openings  of  the  steam-ports  in  the  valve-seat  are  called  steam- 
ports.  Between  them  is  another  port  or  cavity,  g,  called  the 
exhaust-port,  which  communicates  with  the  open  air.  The  form 
of  these  ports  is  long  and  narrow,  as  shown  in  fig.  C,  which 
represents  a  plan  of  the  engine,  or  a  view  looking  down  from 
above  it,  with  the  top  of  the  steam-chest  and  valve  removed. 
Over  these  ports  a  valve,  V,  figs.  A  and  B,  called  a  slide-valve, 
which  is  usually  made  of  cast-iron,  with  a  cavity,  H,  on  its 
under  side — is  fitted  so  that  by  moving  it  backward  or  for- 
ward it  will  alternately  cover  and  uncover  the  two  steam-ports. 
The  valve  and  valve-seat  are  inclosed  in  a  sort  of  box,  //, 
made  of  cast-iron,  called  a  stramcliest,  into  which  steam  is  ad- 
mitted from  the  boiler  by  a  pipe,/.  When  the  valve  is  in  the 
position  represented  in  fig.  A,  the  front  steam-port  c  is  un- 
covered, and  the  steam  is  admitted  to  the  front  end  of  the 
cylinder,  as  indicated  by  the  darts  c  and  c  ,  and  it  thus  forces 
t'le  piston  toward  the  back  end,  or  in  the  direction  of  the  dart 
A'.  If,  when  the  piston  reaches  the  back  end,  as  shown  in  fig. 
P,,  the  valve  has  been  moved  into  the  position  shown,  the 
back  steam-port  d  will  be  uncovered, and  steam  will  be  admitted 
to  the  back  end  of  the  cylinder,  as  indicated  by  the  darts  r/and  (/'. 
At  the  same  time  it  will  be  observed  that  the  front  steam-port 
<■  and  the  exhaust-port  v  are  both  covered  by  the  cavity  H  in 
the  slide-valve,  so  that  the  steam  which  was  admitted  to  the 
front  end  of  the  cylinder  can  now  escape  as   indicated  by  the 


Fig.  12 


Fig.  13 


Fig.  14 


cylinder  by  a  rod,  /i,  which  is  called  the  piston-rod,  which 
works  air-tight  through  an  opening  in  ontoilhe  cylinder-covers, 
or  cylinder-heads,  as  they  are  usually  called. 

Question  65.  How  is  this  reciprocating  motion  of  the  piston 
converted  into  rotary  motion  ? 

Answer.  By  connecting  the  end  of  the  piston-rod  R  (fig.  A 
Plate  I)  by  another  rod,  E,  called  a  connecting-rod,  with  a 
crank,  /',  which  is  attached  10  a  revolving  shaft,  S.  It  is 
apparent  that  if  the  piston  B  is  moved  in  the  direction  shown 
by  the  dart  R.  a  rotary  motion  will  be  given  to  the  crank  in 
the  direction  of  the  dart  n.  When,  however,  the  crank 
reaches  the  position  shown  by  the  dotted  lines  at  N' ,  it  is  plain 
that  a  force  applied  to  move  the  piston  in  either  direction  will 

*In  all  ordinary  locomotives,  the  cylinders  are  so  placed  that  the  head  C 
through  which  the  piston-rod  works  is  behind,  and  the  other  head  D  in 
front.  The  two  ends  of  the  cylinder  are  therefore  designated  the  /rottt 
and  hack  ends,  respectively. 


arrows  c' c,  through  the  steam-port  into  the  exhaust-port  g, 
and  thus  into  the  open  air.  By  moving  the  valve  alternately 
back  and  forth,  steam  is  simultaneously  admitted  first  to  one 
end  of  the  cylinder,   and  exhausted   from   the  other,   and  vice 

Question  68.  How  is  the  slide-valve  moved  so  as  to  admit  and 
exhaust  the  sleam  at  the  right  time  ? 

Answer.  This  is  done  by  means  of  what  is  called  an  eccen- 
tric, G  (shown  separately  in  figs.  12  and  13),  which  is  a  circular 
disc  or  wheel,  whose  center  n  is  some  distance  from  that  of 
the  shaft  S,  to  which  it  is  fastened  with  keys  or  screws,  and 
with  which  it  revolves.  The  outside  of  the  eccentric  is  em- 
braced by  a  metal  ring,  JCA'.  called  an  eccentiic-strap,  shown  in 
fig.  14  and  also  in  fig.  A.  This  strap  is  made  in  two  halves, 
which  separate  in  the  line  //.  The  two  parts  are  fastened  to- 
gether by  bolts,  m  w,  which  pass  through  lugs  or  projections 
cast  on  the  straps,  as  shown.     The  outside,  or  the  periphery,. 
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of  ihe  eccentric,  is  accurately  turned,  and  the  inside  of  the  strap 
is  bored  to  (it  it,  so  that  the  one  can  revolve  inside  of  the 
other. 

gSQuESriON  69.      Hinv  docs  an  eccentrU  work? 

Aiiswii .  Its  action  is  precisely  like  that  of  a  crank,  in  fact 
it  may  be  defined  to  be  a  crank  with  a  crank-pin  large  enough 
to  embrace  the  shaft. 

Question  70.  //esc  is  the  motion  of  the  eccentric  imparteti  to  the 
valve? 

Answer.  A  rod,  /.,  called  an  eccenljic-rod,  is  attached  to  the 
eccentric  straps  as  shown  in  fig.  14.  It  is  obvious  from  fig.  </, 
that,  if  the  eccentric  revolves  inside  of  the  strap,  it  will  impart 
a  reciprocating  motion  to  the  rod  /.  The  eccentric  G,  strap. 
JC,  and  rod.  L,  are  represented  in  fig.  A.  Before  describing 
their  operation,  or  rather  their  connection  with  the  valve  /', 
it  is  necessary  to  understand  that  in  this  country  the  slide- 
valves  of  locomotives  are  usually  placed  on  top  of  the  cylinders, 
in  which  position  it  is  difficult  to  connect  the  eccentric-rod 
directly  with  the  valve.  For  convenience,  therefore,  what  is 
called  a  ;v,,(v7,  /i  R' .  is  placed  between  the  cylinder  and  the 
main  shaft  of  the  engine.  This  rocker  has  two  arms  attached 
to  a  shaft,  f,  and  the  two  arms  have  a  vibratory  motion  about 
it,  as  indicated  in  the  dotted  lines  r  R  and  R'  r  .  The  eccentric- 
rod  Z  is  attached  by  a  pin,  R' ,  to  the  lower  arm  of  the  rocker,  and 
the  valve  is  connected  by  the  rod  C,  called  the  :ii/:'e-r,i(/,  or  7-ah-e- 
strm,  to  a  pin.  R,  on  the  upper  end  of  the  rocker.  It  is  obvious 
that,  as  the  eccentric  G  revolves,  a  reciprocating  or  vibratory 
motion  will  be  given  to  the  rocker,  which  will  be  communicated 
to  the  valve  by  the  valve-stem  ;  and  it  is  only  necessary  to  (ix 
the  eccentric  in  the  proper  position  on  the  shaft,  in  relation  to 


the  valve  has  begun  10  return.  In  fig.  20,  the  piston  has  moved 
20  in.,  and  the  valve  ha.-i  nearly  closed  the  front  port  to  the 
steam.  In  fig.  21,  the  forward  stroke  is  completed,  and  the  back 
steam-port  is  tfen  slightly  opened  to  admit  steam  into  the  back 
end  of  the  cylinder  for  the  return  stroke.  The  front  steam- 
port  has  also  been  made  to  communicate  with  the  exhaust-port 
so  that  the  steam  in  the  front  end  of  the  cylinder  will  be  ex- 
hausted before  the  piston  begins  to  return. 

Figs.  22  to  28  represent  the  positions  of  the  piston  and  valve 
durin,'  the  forward  stroke,  corresponding  with  those  described 
for  the  backward  stroke.  The  darts  in  the  steam-ports  in  the 
figures  represent  the  movement  of  the  steam  in  each  position  of 
the  piston  and  crank.  Other  darts  show  the  direction  in  which 
the  piston  and  crank  are  moving. 

QnKSTlON  72.  //ow  is  Ihe  piston  of  ,;  steam  eiii;ine  made  to 
■work  steam-tight  in  the  cylinder  ? 

Answer.  The  cylinder  is  first  accurately  bored  out,  and  the 
piston  has  two  metal  rings  around  its  periphery.  Each  of 
these  rings  is  cut  apart  as  shown  in  fig.  A.  plate  I,  so  that 
they  can  be  expanded  by  springs  or  other  means  to  fit  the 
cylinder.  The  open  places  are  placed  at  diflferent  points  on  the 
circumference  of  the  piston,  so  that  the  one  opening  is  covered 
by  the  other  ring,  which  prevents  the  steam  from  leaking 
through  the  openings. \ 

Question  73.  J/ow  is  the  piston-rod  made  to  work  steam-ti^^ht 
through  the  cylinder-head  ? 

Answer.  By  what  is  called  a  stuffing-lw.x.  This  consists  of 
a  cylindrical  chamber,  A  A',  figs".  30  and  31,  which  is  made 
about  lyi  inches  larger  in  diameter  than  the  piston-rod.  This 
leaves   a  space    }^  of  an  inch  wide  all  around  the  rod.     This 


the  crank  and  piston,  to  give  the  valve  the  required  motion  for 
admitting  and  exhausting  the  steam  to  and  from  the  cylinder 
at  the  right  time. 

QUESTlo.N  71 .  Ho2u  can  the  action  of  the  eccenti  ic  and  the  move- 
ment of  the  valve  and  piston  duting  a  complete  revolution  of  the 
irank  be  shown  ? 

Answer.  It  can  be  illustrated  and  explained  by  the  aid  of  a 
series  of  diagrams — figs.  15-29.  In  these  diagrams  most  of  the 
parts  are  represented  by  their  center-lines  and  points  only,  so 
as  to  make  them  as  simple  as  possible.  The  dimensions 
selected  for  these  illustrations  are,  for  the  cylinder,  16  in. 
diameter  and  24  in.  stroke.  The  steam-ports  are  \%  in.,  the 
exhaust-port,  1%  in.,  and  the  metal  or  bars  between  them, 
which  are  called  btidges,  are  lyi  in.  wide.  The  eccentric  pro- 
duces a  lateral  movement  of  4  in.,  which  is  called  its  throw.* 
In  fig.  15,  the  piston  is  at  the  beginning  of  the  backward  stroke. 

It  will  oe  seen  that  the  valve  f' has  then  uncovered  the  first 
steam-port  at  c.  and  that  steam  can  therefore  enter  the  front 
end  of  the  cylinder  as  indicated  by  the  darts.  At  the  same 
time,  the  exhaust-cavity  V  in  the  valve  covers  the  exhaust- 
port  ^  and  the  front  steam-port  a"  so  that  the  steam  in  the  back 
end  of  the  cylinder  can  escape  as  shown  by  the  arrows. 

In  fig.  16,  the  piston  is  represented  as  having  moved  4  in.  of 
its  stroke  ;  the  valve  has  then  opened  both  of  the  steam-ports 
wider.  In  fig.  17,  the  piston  has  moved  8  in.  of  its  stroke,  and 
the  ports  are  now  wide  open,  the  front  one  to  the  steam  and 
the  back  one  to  the  exhaust.  In  fig.  iS,  the  piston  has  moved 
12  in.,  or  is  at  half-stroke,  and  the  valve  has  then  moved  to 
throw.     In  fig.  19,  the  piston  has  moved  16  in.,  and 


There  is  some  ambiguity  in  the  use  of  the  terra  tkrotv.     In  Webst< 

movement  of  a  slide-valve,  alsc 

eht  line  passing  through  the  cer 

al  terms,  in  ihe  edition  of  the  i 

onary  quoted  from,  were  prepared  by  the  late  Alexander  L.  HoIIey, 

nt  authority  could  be  quoted  for  the  usage  of  the  te 


that  no 

with  this  meaning.  Nevertheless,  the  word  th 
<]esignate  the  distance  from  the  center  of  a  shaft  to  i 
,pin  or  eccentric,  which,  of  course,  would  be  only 
movement  of  a  valve  or  piston. 


used 


space  is  filled  with  hemp,  //,  or  some  other  fibrous 
ca.\\ei  packing,  saturated  with  oil  or  melted  tallow.  This  pack- 
ing is  compressed  by  a  hollow  cylinder,  C  C,  called  a  gland, 
the  inside  of  which  fits  the  piston-rod  P,  and  the  outside  the 
stuffing-box.  This  gland  is  forced  into  the  stuffing-box  by 
nuts  /  /■■  which  are  screwed  down  on  a  flange.  ;/,  »',  attached 
to  the  gland.  The  packing  is  thus  compressed  in  the  stuffing- 
box  and  forced  against  the  piston-rod,  which  is  made  smooth 
and  perfectly  round  and  straight,  and  against  the  side  of  the 
stuffing-box,  so  that  no  steam  can  escape  around  the  piston- 
rod.  A  brass  ring  or  "  />us/iing,"  B.  is  often  put  into  the  cyl- 
inder-head, and  in  the  gland  where  it  touches  the  piston-rod, 
because  brass  will  bear  the  friction  of  the  rod  better  than  cast- 
iron,  and.  when  it  is  worn  out,  it  can  be  removed,  and  a  new 
one  substituted  in  its  place.  Packing  made  of  metal  is  now 
often  used  instead  of  fibrous  material.  The  construction  of 
various  kinds  of  metal  packing  will  be  described  in  a  future 
chapter. 

Question  74.  PUw  must  the  piston  and  piston-rod  move  in 
order  to  keep  steam-tight? 

Answer.  The  center  line  of  the  piston  and  piston-rod  must 
always  be  coincident  with  the  axis  or  center  line  of  the 
cylinder. 

Question  75.  How  is  the  movement  of  the  piston-rod  affected 
by  the  connecting-rod  ? 

Answer.  Excepting  when  the  crank  is  at  one  of  the  dead- 
points,  the  center  line  of  the  connecting-rod  is  inclined  to 
that  of  the  piston-rod  and  axis  of  cylinder.  Consequently,  at 
all  other  points  of  the  revolution,  the  connecting-rod  has  a 
tendency  to  either  pull  or  push  the  end  of  the  piston-rod 
downward,  when  the  crank  is  turning  in  the  direction  that  the 
hands  of  a  watch  or  clock  turn.  If  the  crank  turns  the  oppo- 
site way,  as  a  locomotive  wheel  revolves  when  it  is  running 
ahead,  ttie  connecting-rod  presses  the  end  of  the  piston-rod 
upward. 

Question   76.     How  is  this  action   of  the   connecting-rod  re- 
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Answer.  The  back  end  of  the  piston-rod  and  the  front,  or 
small  end,  as  it  is  called,  of  the  connecting-rod  are  attached  to 
what  is  called  a  cross-head,  shown  in  figs.  A  and  B,  plate  I. 
This  moves  between  bars,  0  0' ,  called  guide-bars, 
which  are  set  so  that  the  motion  of  the  cross-head  is  coincident 
with,  or  parallel  to,  the  axis  or  center  line  of  the  cylinder. 
As  the  end  of  the  piston-rod  is  attached  to  the  cross-head, 
thev  must  both  move  in  a  path  parallel  to  the  faces  of  the 
guide-bars  on  which  the  cross-head  slides.  In  this  way,  the 
pressure  exerted  by  the  connecting-rod  bears  on  the  guide-bars 
and  is  resisted  by  them. 

Question  77.  How  is  the  conncctitig-rod  connected  to  tin-  cninh- 
pin  ? 

Ans-wer.  By  what  is  called  a  stub-end  or  strap-luad,  shown 
in  fig.  32,  which  shows  a  section  through  the  crank-pin  /",  and 
fig.  33.  which  is  a  plan  or  view  looking  down  from  above  A 
stub-end  consists  of  two  brass  "  journal-bearings,"  or 
"brasses,"  a  and  /',  which  embrace  the  crank-pin  and  bear 
against  it.  These  bearings  are  attached  to  the  rod  by  the  strap 
or  U-shaped  bar  .S'  .S".  The  strap  is  fastened  to  the  end  of  the 
connecting-rod  R  by  the  bolts  B  B,  and  also  by  a  key.  A',  and 
"gib"  or  "cotter."  G  G' .  A  little  space,  or  "clearance," 
c  c  is  allowed  between  the  gib  G  and  the  strap  .V  .S".  When 
the  journal-bearings  a  !'  wear  by  reason  of  their  friction  on 
the  crank-pin,  they  are  taken  out  and  filed  away  at  ;  ,.  on 
their  surfaces  of  contact  with  each  other.     The  key  A' is  then 


l/ 


a  a)' 


n 


O    Q)^sm\  s 


Fig.  33. 


driven  down,  which  moves  the  strap  in  the  direction  of  the 
dart  .S' — the  clearance  at  <  c'  permitting  such  movement — 
which  draws  the  journal  bearings  together  and  takes  up  the 
"  lost  motion,"  as  the  wear  of  the  journals  is  called. 

Question  78.      Why  are  the  journal  bearings  made  of  brass  ? 

Answer.  Because  brass  resists  the  wear  of  a  journal,  when 
the  pressure  on  it  is  very  great,  better  than  iron  or  steel. 
That  is,  brass  bearings  are  less  liable  to  get  hot  or  be  abraded 
than  either  iron  or  steel. 

Question  79.  Are  the  engines — thai  is,  the  cylinders  and  other 
mechanism  which  has  been  described — which  are  usedin  locomotives, 
similar  in  principle  and  construction  to  stationary  engines  ? 

Answer.  Yes,  the  chief  difference  is  that  in  locomotives  two 
cylinders  and  cranks  are  used  so  as  to  overcome  the  dilBculty 
there  would  be  in  starting  from  the  dead-points  if  only  one  was 
used,  and  the  valve  gear  is  also  arranged  so  that  the  motion  of 
the  engine  can  easily  be  reversed. 

(to  be  continued.) 


Manufactures. 


Electric  Street-Cars. 

The  West  End  Street-Railroad  Company  in  Boston  has  now 
an  electric  car  running,  which  is  provided  with  a  Spraguc  mo- 
tor. Power  is  derived  from  storage  batteries  on  the  Julien 
system. 

A  NEW  line  has  been  opened  from  St.  Catherines,  Ont.,  to 
Thorold,  6  miles.  The  overhead-wire  system  is  used,  the  elec- 
tricity being  generated  at  the  terminus  by  a  dynamo  driven  by 
water  power. 


The  Lehigh  &  Wilkesbarre  Coal  Company  is  about  to  put 
in  an  electric  road  at  its  Stanton  Colliery  near  Wilkesbarre. 


Train  Telegrapny. 


At  the  invitation  of  the  Consolidated  Railway  Telegraph 
Company,  of  New  York,  a  large  party  of  electricians  and  others 
made  a  trip  upon  the  Lehigh  Valley  Railroad,  on  Thursday, 
October  6,  to  inspect  the  operation  of  the  system  of  train  teleg- 
raphy in  use  upon  54  miles  of  the  road. 

The  system,  due  to  Edison,  Phelps,  Gilliland,  Smith  and 
others,  has  been  heretofore  described,  but  certain  modifica- 
tions have  been  introduced  which  have  greatly  improved  its 
efficiency,  so  that  as  it  now  stands,  all  the  difficulties  heretofore 
encountered  may  be  said  to  be  overcome. 

In  the  first  equipment  on  the  Lehigh  Valley  Railroad  the 
inductive  receiver  on  the  car  consisted  of  a  coil  of  many  turns 
of  wire  wound  around  the  car.  and  the  line  conductor  was  an 
insulated  wire  laid  along  the  track.  While  this  system  left 
little  to  be  desired,  it  involved  some  expense  which  is  avoided 
by  the  method  used  at  present.  This  consists  in  the  employ- 
ment of  the  roof  of  the  car,  where  such  i-  available,  as  a  static 
receiver,  and  the  line  is  an  ordinary  wire  strung  upon  short 
poles  near  the  track. 

With  the  present  system  the  roof  of  the  car  is,  in  most  cases, 
available,  and  a  car  can  be  equipped  ready  for  work  in  a  re- 
markably short  time.  All  that  is  necessary  is  the  attach- 
ment of  a  wire  to  the  roof,  another  to  the  swivel  plate  of  a  car 
truck  for  a  ground,  and  the  insertion  of  the  instruments  in  the 
circuit  thus  formed.  Such  was  the  arrangement  of  the  direc- 
tors' car  which  was  attached  to  the  special  train  on  the  excur- 
sion, and  the  whole  equipment  did  not  occupy  10  minutes. 

The  system,  as  it  exists  to-day,  briefly  stated,  consists  mainly 
in  the  use  of  the  short-pole  telegraph  line  extending  along  the 
side  of  the  railroad  track  at  about  a  distance  of  8  or  10  ft.  from 
the  line,  the  poles  being  much  smaller  than  ordinary  telegraph 
poles,  and  from  10  to  16  ft.  high.  At  their  top  is  placed  an 
ordinary  glass  or  porcelain  insulator,  strung  upon  which  is  a 
single  galvanized  steel  (or  iron)  telegraph  wire,  about  No.  12 
American  gauge.  As  remarked  before,  wherever  practicable, 
the  metal  roof  of  the  car  is  employed  as  the  inductive  receiver 
of  the  car,  but  where  no  metal  roof  exists,  an  iron  or  brass  rod 
or  tube  jj'  in.  in  diameter  is  employed,  placed  under  the  eaves 
of  the  car.  From  the  roof,  the  wire  passes  to  the  instruments, 
and  then  to  the  wheels  of  the  car.  The  roof,  or  bar,  are  con- 
nected to  the  secondary  of  an  induction  coil.  The  primary  of 
the  coil  is  connected  to  the  front  contacts  of  a  double-pointed 
key,  in  which  is  also  included  the  battery  and  a  buzzer  arrange- 
ment opposite  the  core  of  the  coil,  for  transmitting  a  series  of 
impulses  to  the  line  whenever  the  key  is  closed.  When  the 
key  is  upon  the  front  contact  also,  the  extra  contact  shown  at 
the  top  of  the  key  closes  the  secondary  circuit  and  allows  the 
charges  to  be  sent  into  the  roof.  When  the  key  is  on  its  back 
contact,  both  the  secondary  and  the  primary  coil  are  cut  out, 
the  charge  from  the  roof  passing  bv  the  wire  from  the  roof 
directly  to  the  key  and  thence  through  the  telephone  to  earth. 

The  operator's  equipment  is  quite  simple,  and  consists  merely 
of  a  small  tablet  to  which  the  key,  the  coil  and  the  buzzer  are  at- 
tached, and  with  just  sufficient  top  surface  to  hold  a  telegraph 
blank  conveniently.  The  battery  employed  is  inclosed  in  a 
box  and  can  be  placed  beside  the  operator  or  can  be  stowed 
away  in  one  of  the  closets  of  the  car. 

The  arrangement  at  the  terminal  station,  so  far  as  the  in- 
duction circuits  and  instruments  are  concerned,  is  identical 
with  that  on  the  car  ;  but  in  addition  there  is  supplied  a  Morse 
arrangement,  by  means  of  which  the  line  can  be  used  for  the 
transmission  of  ordinary  Morse  business.  The  circuit  is 
made  continuous  for  the  induction  system  by  means  of  a  con- 
denser, which  transmits  the  impulses  when  the  Morse  key  is 
open. 

The  cost  of  equipping  a  railroad  with  this  system  depends 
somewhat  on  the  character  of  the  roadway,  nearness  to  tele- 
graph-pole markets,  etc. ;  but  it  is  said  to  approximate  about  Sso 
per  mile  for  line  equipment,  poles,  wire,  etc..  and  the  labor  of 
putting  up.     The  cost  of  fitting  a  car  is  about  S15. 

On  this  trip,  a  large  number  of  messages  were  sent  and 
received  from  the  train  without  the  slightest  delay  of  any  kind, 
the  arrangements  being  under  the  charge  of  Mr.  S.  K.  Dingle. 
Assistant  Superintendent  of  the  Company. 

One  of  the  most  striking  demonstrations  of  the  wide  appli- 
cation of  the  system  was  the  sending  of  a  dispatch  from  the 
rapidly  moving  train  to  Mr.  John  Pender,  of  London,  Eng- 
land, via  the  Atlantic  cable. 
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Marine   Engineering  Notes. 


I  e  taken  a  contract  to  build 
York  and  Sandy  Hook  on 
Long  Branch.  The  boat 
crews  and  triple-expansion 

in  New  York  have  the  con- 
and  a  pair  of  Morgan  iron 
hoal  City  of  D./ivil,  for  the 
ion  Company.  The  engine 
44  in.  diameter  and  S  ft. 
ftS  in.  diameter  and  12  ft. 


Cramp  &  Sons  in  I'hiladelphia  ha' 
a  steamboat  to  run  between  Now 
the  New  Jersey  Southern  route  to 
will  be  265  ft.  long,  will  have  twin  s 
engines,  and  is  10  be  very  fast. 

The  W.  &  .\.  I'letcher  Company 
tract  for  a  compound  beam  engine 
feathering  wheels  for  the  new  steam 
Detroit  &  Cleveland  Steam  Navigat 
will  have  a  high-pressure  cylmder, 
stroke  and  a  low-pressure  cylinder, 
stroke. 

The  steamer  Gogthk,  recently  launched  from  the  Wheeler 
yard  at  Bay  City,  Mich.,  is  275  ft.  keel,  40  ft.  beam  and  22  ft. 
depth  of  hold,  ller  engines  were  built  by  the  Frontier  Iron 
&  Brass  Works,  of  Detroit,  and  are  of  the  triple-e.\pansion 
type,  with  cylinders  20,  32  and  52  in.  diameter  by  40-in.  stroke, 
being  a  duplicate  of  those  furnished  the  steamer  Sitkn,  launched 
at  the  same  yard  in  August. 

The  steamer  Frank  L.  Vcincc,  recently  launched  from  the 
Radcliff  yard  in  Cleveland,  O.,  has  the  following  dimensions  : 
Keel,  255  ft.;  overall,  273  ft.;  beam,  39  ft.;  hold,  21  ft.  She 
has  three  steel  arches,  two  on  the  outside  and  one  on  the  in- 
side. There  are  two  steel  boilers,  g  by  15  ft.,  and  a  compound- 
engine,  cylinders  28  and  50  in.  diameter,  with  45-in.  stroke. 
She  carries  three  masts. 

The  Quintard  Iron  Works  in  New  York  recently  completed 
the  engines  for  the  lake  steamer  Owego.  They  are  to  work 
under  a  boiler  pressure  of  160  lbs.,  and  the  cylinders  are  28  in., 
42 J^  in.  and  72  in.  diameter,  and  54  in.  stroke.  These  engines 
are  managed  from  the  lower  engine-room  from  the  level  of  the 
shaft.  Steam  will  be  supplied  by  six  boilers,  each  iij^  ft. 
diameter,  and  each  having  two  of  Fox's  corrugated  furnaces, 
39  in.  diameter  and  6  ft.  long. 

The  new  steamer  Yakima,  built  at  Quayle's  ship-yard  in 
Cleveland,  O.,  measures  275  ft.  keel,  292  ft.  over  all,  40  ft. 
beam  and  22  ft.  hold.  She  has  steel  arches,  is  diagonally 
steel-strapped,  and  has  a  steel  cord  around  the  top.  Her 
boilers  are  13  by  12  ft.,  and  the  cylinders  to  her  engine  are  30 
and  56  in.,  with  4S-in.  stroke.  Her  carrying  capacity  is  2,200 
tons.  She  cost  $125,000.  She  is  fitted  out  with  all  modern 
improvements  and  is  to  be  lighted  with  electricity. 

Neafie  &  Levy  in  Philadelphia  are  to  liuild  a  new  steamer 
for  the  Oregon  Improvement  Company,  for  service  on  the 
Pacific  Coast.  The  new  steamer  will  be  230  ft.  long,  34  ft.  6 
in.  beam  and  25  ft.  3  in.  depth,  molded  dimensions.  She  will 
be  provided  with  the  latest  design  of  triple-expansion  engines, 
with  cylinders  20.  31  and  51  in.  diameter,  by  36-in.  stroke. 
Boilers  of  steel,  4  in  number,  10  ft.  diameter  by  11  ft.  long, 
to  carry  150  lbs.  steam  pressure. 

The  Harlan  &  HoUingsworth  Company  in  Wilmington,  Del., 
has  begun  a  new  steamboat  to  run  on  Chesapeake  Bay  for 
the  Maryland  Steamboat  Company.  The  boat  will  be  200  ft. 
long,  31  ft.  beam  and  10  ft.  deph  of  hold.  The  engine  will  be 
surface  condensing.  42  in.  diameter  of  cylinder  by  lO-ft.  stroke. 
The  paddle-wheels  will  be  22  ft.  in  diameter  and  have  feather- 
ing buckets.  She  is  to  be  finished  in  time  for  service  next 
summer. 


Manufacturing  Notes. 


The  South  Tredegar  Iron  Works  in  Chattanooga,  Tenn., 
are  running  on  heavy  orders  for  rail-joints  and  spikes. 

THEEnsign  Manufacturing  Company  at  Huntington,  W.  Va., 
has  begun  to  build  a  new  erecting  shop,  100  by  108  ft.  The 
shops  are  now  turning  out  11  freight  cars  a  day. 

The  Brown  &  Sharpe  Manufacturing  Company  is  adding  to 
its  works  in  Providence,  R  I.,  a  new  four-story  brick  building 
195  by  51  ft.,  with  a  wing  40  by  40  ft.  in  size. 

The  Rhode  Island  Locomotive  Works  in  Providence  are 
building  several  ten-wheel  freight  engines  for  the  Western  & 
Atlantic  Railroad. 

The  Elliott  Car  Works  at  Gadsden,  Ala.,  are  nearly  ready 
for  work.  The  buildings  include  two  shops,  each  50  by  200  ft. , 
and  a  round-house  23  j  ft.  diameter,  to  be  used  as  an  erecting 
shop. 


A  new  rail-mill  is  nearly  completed  at  the   I'.dgar  Thomson 

I    Steel  Works  at  Braddock,  Pa.     It  will  have  a  capacity  of  1,000 

tons  of  rails  per  day,  running  double-turn.     The  new  mill  has 

three  engines  of  1,200  H.  P.  each,  built  by  E.  P.  Allis  &  Co., 

of  Milwaukee. 

RiEiiLE  Brothers,  proprietors  of  the  Philadelphia  Scale 
Works,  have  recently  received  large  orders  for  track  and 
wagon  scales,  charging  fcales  for  furnaces  and  testing  ma- 
chines, and  aie  very  busy. 

The  buildings  for  the  South  Baltimore  Car  Works  are  nearly 
completed,  and  it  is  expected  that  the  works  will  be  in  opera- 
tion early  in  .November.  Several  rows  of  neat  dwelling  houses 
and  stores  are  about  completed  close  by,  streets  laid  out,  paved 
and  curbed,  forming  the  nucleus  of  a  small  town. 

The  Union  Switch  &  Signal  Company  in  Pittsburgh  has  re- 
{  cently  received  large  orders  for  signals  for  the  New  York,  New 
!  Haven  &  Hartford,  the  New  York  &  Northern,  the  New  Jersey 
I  Central,  the  Philadelphia  &  Reading  and  the  Minnesota  ^ 
■    Northwestern  roads. 

The  Nashville  (Tenn.)  Iron,  Steel  &  Charcoal  Company  is  now 
pushing  to  completion  two  charcoal-iron  furnaces  in  West  Nash- 
ville, 12  by  60  ft.,  having  two  5-in.  stoves,  15  by  55,  to  each  fur- 
nace, and  two  blowing  engines  with  36  by  4S-in.  steam  and  48 
I    by  48-in.  blowing  cylinders. 

I        The    Smith,   Beggs  &   Rankin    Machine   Company    in    St. 
Louis  will  build   two  engines,  each  24  by .48  in.  for  the  River 
,    View  and  Eighth  Street   Cable   Railways,  both  Kansas  City 
I    roads.     For  the  proposed  light  rail  mill  of  the  Belleville  Nail 
iSi  Steel  Works,  they  have  an  engine,  30  by  60  in.,  nearly  com- 
pleted. 

Very  heavy  steel  plates  are  now  being  manufactured  at  the 
Linden  Steel  Works,  near  Pittsburgh.  On  October  i,  among 
other  large  armor-plates  for  the  United  States  Government's 
new  cruisers  one  was  rolled  weighing  almost  10,000  lbs.,  the 
dimensions  being  about  19  ft.  long  by  6  ft.  wide  and  2  in.  thick. 
j  This  is  said  by  the  Linden  Steel  Company  to  be  the  heaviest 
j    steel  plate  ever  rolled  on  this  side  of  the  Atlantic. 

The  Columbus  Machine  Company,  Columbus,  O.,  is  build- 
ing a  blowing  engine  for  parties  at  Shawnee,  O.  The  principal 
dimensions  are  as  follows:  Blowing  cylinder,  84  in.;  steam 
cylinder,  40  in.;  stroke,  48  in.;  weight,  85  tons.  Similar  en- 
gines are  under  construction  for  parties  in  Alabama  and  Ken- 
tucky. These  engines  embrace  a  number  of  late  improve- 
ments 

The  silica-graphite  paint  made  by  the  Joseph  Dixon  Cruci- 
ble Company  in  Jersey  City,  N.  J.,  was  prepared  originally  for 
use  on  smoke-stacks,  boiler-fronts  and  other  iron  work  which 
I     is  subject  to  extreme  temperatures  and  sudden  changes.     It  is 
I    a  mixture  of  perfected  graphite   and  pure  linseed  oil,  and  sev- 
!    eral  years'  use  has  thoroughly  tested  it.     It  is   now  used  by  a 
number  of  railroads  and  manufacturing  firms. 

The  Union  Switch  &  Signal  Company  is  putting  in  a  com- 
1  plete  system  of  signals  and  interlocking  switches  for  the  Balti- 
I  more  &  Ohio  Railroad  at  Camden  Station,  Baltimore.  The 
I  tower  contains  56  levers,  and  is  tastefully  built  of  pressed  brick, 
with  brown  stone  trimmings.  The  tracks  are  being  relaid 
I  with  heavy  rails,  stone  ballasted,  with  frogs,  switches  and  sig- 
nals of  the  latest  and  best  design. 

The  H.  S.  Hopkins  Bridge  Company  in  St.  Louis  has  taken 
the  contract  for  a  new  bridge  over  the  Missouri  River  at 
Omaha,  Neb.,  which  is  to  be  owned  by  a  local  company.  The 
bridge  proper  will  have  seven  spans,  one  of  400  ft.,  two  of 
250  ft.  and  four  of  150  ft.  each.  There  will  be  900  ft.  of  iron 
viaduct  on  the  east  side  and  925  ft.  on  the  west  side,  making 
the  total  length  of  the  structure  about  3,350  ft. 

The  Watts-Campbell  Company  in  Newark,  N.  J.,  has  re- 
cently completed  a  pair  of  tandem  compound  engines  for  the 
Shrewsbury  Thread  Mill  in  East  Newark.  These  engines  have 
high-pressure  cylinders  20  in.  and  low-pressure  36  in.  diame- 
ter and  48  in.  stroke.  The  valve-gear  is  of  the  Corliss  type, 
somewhat  modified.  The  fly-wheel  is  25  ft.  diameter  and  6 
ft.   2  in.   face  ;  it  carries  two  28-in.  and  one   lo-in.   belt. 

The  iron  mines  of  Northern  New  Jersey  are  working  more 
actively  than  for  several  years  past.  The  Sherman  and  Be- 
dell mines  near  Sparta  have  recently  been  re-opened  by  Cooper, 
Hewitt  &  Co.  The  Kishpaugh  mine  near  Hope  ;  the  Danker 
mine  near  Stockholm,  and  the  Canisteer  mine  have  also  re- 
cently been  re-opened.     The  Judson  mine  at  Stanhope  is  being 
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Among  the  many  improvements  which  the  Pennsylvania 
Company  is  making  in  the  shops  at  Tort  Wayne,  Ind..  is  the 
electric-light  plant,  which  consists  of  six  dynamos,  two  incan- 
descent and  four  arc,  capable  of  supplying  260  incandescent 
lights  of  i6-candle  power,  and  120  arc  lights  of  1,600-can- 
dle  power.  The  arc  lights  will  be  used  in  the  yards  and  as  a 
general  light  in  the  shops,  and  in  the  machine-shop  the  incan- 
descent light  will  be  used  at  the  machines  instead  of  gas.  AH 
the  shop  offices  will  be  supplied  with  incandescent  lights.  The 
Ball  dynamo  will  be  used. 

The  new  bridge  over  the  Missouri  River  at  Randolph,  near 
Kansas  City,  built  for  the  Chicago,  Milwaukee  &  St.  Paul 
Railway,  is  now  completed.  The  total  length  of  the  bridge  is 
7,392  ft.  There  are  three  main  spans  of  400  ft.  each,  with 
trusses  50  ft.  high  and  23  ft.  apart,  each  with  16  panels  25  ft. 
each.  There  is  one  deck  span  160  ft.  long,  1,545  ft-  of  iron 
viaduct,  averaging  51  ft.  in  height  above  the  ground  and  22  ft. 
wide  on  top  for  double  track  ;  2,775  ft-  of  timber  trestle  work, 
from  26  to  47  ft.  high,  and  1,590  ft.  of  pile  bridge,  from  15  to 
26  ft.  in  height.  There  are  five  masonry  piers.  The  four 
main  piers  supporting  the  400  ft.  spans  rests  upon  rock,  and 
the  fifth  pier  rests  upon  pile  foundation.  The  height  of  the 
channel  piers  is  92,  112  and  122  ft.  The  shore  piers  are  56 
and  45  ft.  in  height.  There  are  82  pedestal  piers,  14  ft.  in 
height,  resting  upon  pile  foundations.  These  pedestal  piers 
support  the  iron  viaduct.  The  contractors  for  the  pier  founda- 
tions were  Sooy-Smith  &  Co. ;  for  the  iron  viaduct.  M  Las- 
sig  ;  and  for  the  bridge  superstructure,  the  Ke\  stone  Bridge 
Company. 

Proceedings  of  Societies. 

New  England  Railroad  Club. 

The  regular  meeting  was  held  in  Boston,  October  12.  The 
subject  was  Car  Heating  and  Ventilation.  Mr.  J.  G.  Penny- 
cuick,  manager  of  the  Pennycuick  Heat  &  Ventilation  Com- 
pany, explained  its  system  of  heating  cars  and  the  operation 
of  the  automatic  steam  coupler  controlled  by  the  company. 

Mr.  Walter  G.  Chase  explained  the  construction  and  working 
of  the  Mason  reducing  valve. 

Mr.  Nelson  Curtis  explained  the  Curtis  pressure  regulator. 

Mr.  Joseph  A.  Shinn  described  the  system  of  car  heating 
owned  by  the  Safety  Car  Heating  and  Lighting  Company  of 
New  York. 

Mr.  Sewall,  of  Portland,  told  of  the  successful  practical  test 
of  heating  a  train  with  steam  from  the  locomotive. 

It  was  voted  to  discuss  at  the  next  meeting  the  subject  of 
"  Best  Material  for  Axles,  Journal  Bearings  and  Lubrications." 


American  Institute  of  Electrical  Engineers. 

The  first  monthly  meeting  of  the  season  was  held  in  New 
York,  September  20.  After  dinner  had  been  disposed  of,  as 
usual,  a  paper  was  read  by  Mr.  Anthony  Reckenzaun,  of  Lon- 
don, England,  on  Electric  Street  Cars,  with  Special  Reference 
to  Methods  of  Gearing.  This  paper  was  long  and  treated  the 
subject  in  an  exhaustive  manner  ;  it  was  followed  by  a  discus- 
sion, in  which  many  members  took  part. 


New  York  Railroad  Club. 

A  REGULAR  meeting  was  held  in  New  York,  October  20,  at 
which  the  subject  of  Car  Heating  and  Lighting  was  discussed. 

The  proposition  to  change  the  name  of  the  association  from 
the  Master  Car-Builders'  Club  to  the  New  York  Railroad  Club 
was  approved. 

Western  Society  of  Engineers. 

A  REGULAR  meeting  was  held  in  Chicago,  October  4.  Messrs. 
Moritz  Lassig  and  George  H.  Bremner  were  elected  members. 
Mr.  L.  P.  Morehouse  tendered  his  resignation  as  Secretary. 

Mr.  Lundie  presented  a  short  paper  containing  a  formula, 
and  its  mathematical  demonstration,  for  determining  the 
Economical  Proportions  of  Truss  Bridges.  A  discussion  of 
this  paper,  when  printed,  is  invited  by  the  author. 


American  Society  of  Railroad  Chemists. 

A  MEKTiNG  of  this  Society  was  held  in  Omaha,  Neb.,  early  in 
October.  The  subjects  brought  up  before  the  meeting  for  dis- 
cussion were  :  Vehicles  of  Paint  ;  Linseed  Oil  ;  Uniform 
Methods  for  the  Analysis  of  Coal  so  as  to  ascertain  its  com- 
mercial value  ;  Analysis  of  Car  Brasses  and  Babbitt,  and  of 
Soap  for  Washing  Cars  ;  Best  Methods  of  Preservation  for 
Ties  and  Bridge-timber;  Fireproof  Paints;  Fire-extinguishers  ; 
Methods  of  Heating  and  Lighting  Cars.  Lubricating  oils  and 
car  paints  were  also  brought  up  for  consideration. 

All  the  railroads  having  organized  chemical  departments  are 
now  represented  in  this  Association. 


Western  Railroad  Club. 

Aregulak  meeting  ot  this  Club  was  held  in  Chicago,  October 
19.  The  best  Form  and  Dimensions  of  Axle  for  6o,ooo-lbs. 
Cars  was  discussed  by  a  number  of  members. 

The  Committee  on  Car  Heating  made  a  report  recommending 
the  appointment  of  a  Committee  to  confer  with  railroad  com- 
panies and  secure  the  adoption  of  a  uniform  standard  coupling 
for  steam-heated  cars.  The  report  was  adopted  and  Messrs. 
W.  Forsythe,  J.  N.  Barr  and  W.  A.  Scott  were  appointed  as 
the  Committee. 


General  Time  Convention. 

The  fall  meeting  was  held  in  New  York,  Oct.  12.  The  Com- 
mittee on  Uniform  Train  Rules  presented  its  final  report.  The 
code  of  Telegraphic  Train  Orders  and  Rules  was  finally  adopted 
with  only  two  dissenting  votes. 

The  questions  of  changing  the  system  of  payment  for  use  of 
freight  cars  (as  recommended  by  tlie  Car  Accountants'  Asso- 
ciation) and  of  telegraphic  distribution  of  accurate  time  were 
referred  to  Committees  to  report  at  the  next  meeting. 


Association  of  North  American  Railroad  Superintendents. 

The  regular  semi-annual  meeting  was  held  in  New  York, 
October  10.  The  Association  voted  to  adopt  the  M.  C.  B. 
standard  axle  and  journal-box,  but  refused  to  make  any  recom- 
mendation as  to  couplers  for  passenger  cars.  It  also 
recommended  the  adoption  of  a  general  form  of  record  for 
through  trains. 

Other  subjects  discussed  were  the  Distribution  of  Time- 
tables ;  Demurrage  on  freight-cars  ;  Charges  for  use  of  pas- 
senger-cars ;  Frogs  and  switches,  and  Track  inspection. 


Roadmasters'  Association  of  America. 

The  annual  convention  was  held  in  Cleveland,  O.,  October 
II,  and  continued  three  days. 

Discussions  were  had  on  Standard  Weight  of  Rails  ;  Guard 
Rails  ;  Frogs  and  Switches  ;  Rail-joints,  and  Hand-cars. 

The  following  officers  were  elected  :  President,  J.  W.  Craig  ; 
Vice-Presidents,  I.  Burnett,  James  Sloan;  Secretary .  and 
Treasurer,  H.  W.  Reed. 

New  England  Roadmasters'  Association. 

The  annual  meeting  was  held  in  Hartford,  Conn.,  October 
19,  and  lasted  two  days.  The  subjects  discussed  were:  Guard 
Rails  ;  Foot-guards  for  frogs  and  switches  ;  Economy  in  main- 
tenance of  track,  and  Track  on  bridges. 

The  following  officers  were  elected  :  President,  W.  A.  Lane  ; 
Vice-President,  J.  R.  Patch;  Secretary,  W.  Ellis;  Treasurer, 
George  Nevens  ;  Chaplam,  E.  W.  Homer ;  Executive  Com- 
mittee, P.  A.  Eaton,  L.  H.  Perkins.  George  Bishop. 


Engineers'  Club  of  Kansas  City. 

A  RKGiLAR  meeting  was  held  October  3.  J.  A.  L.  Waddell, 
Vice-President,  presiding  ;  T.  F.  Wvnne,  Secretary  pro  tern. 
Messrs.  E.  W.  Stern,  Chas.  H.  Talmage,  and  Chas.  W.  Hast- 
ings were  elected  members. 

The  paper  of  the  evening  on  the  Construction  and  Operation 
of  the  Ninth  Street  Cable  Railway,  prepared  by  M.  K.  Bowen, 
was  read  by  C.  G.  Wade. 

Mr.  Kiersted  was  invited  and  consented  to  read  a  paper  at 
the  next  meeting,  subject  to  be  announced. 
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American  Street-Railway  Association. 

TUK  sixth  annual  conventi^T^^Ran  in  l'hilad<=lph;='.  0='"^'^ 
.0  with  a  large  attendance.  The  report  of  'he  Exccu  ve 
f-^mm  tree  showed  that  the  Association  had  increased  its  mem- 

Rochester;    Frazier.   of    Memphis  .Moss     of    Sandusky,    u. , 

nf"c°^r7aSoeTe%?rh:T4n°L';oll:.e'ctrif^^^ 
of^hii^-^^e^^dthe^conv^ntK^orithesg  ; 

s^u^^irs:^:'elVro^hVr^.^oto';tn^  stV^r  The  suh.ect 

"  E1:!!:T  Rt:'r!:^r\^P^^"A|:w  M^^^^  of  mcreasm, 

^;;:^fX^r:«cerI^^|j:S'^ort.e^^^^^^ 

^^ti^::;:^tiri:in^Sin  Washington,  o„  the  third 
Wednesday  of  October,  i888. 

Engineers'  Club  of  Philadelphia. 

AT  the  last  spring  meetin^^is  Club,  on  June  i8,  the  fol- 

^°lXr;^r.r.'"  W^."H.^Frances,   P.  Doyle.  John  C.  des 

'^XS^'lXX'^. ■^o'len 'ifeilson  and  Horace  B   Powell. 

Sd°.rnksUedthltacotntn.tteebea        .       d^- 

and  report  upon  the  same.     T^ePresden^JP^^^^^  ^ 

'i:r,'ZlT:i:  M^St^Washlngton  Jones   and  M.    R. 
Muckle,  Jr. 


described  the  Carnell  Air  Injector.  f„rnaces   of 

.™v^:^^xi:^'stjri^^e^Sis 

^fs^charging  unde^the  f -te      The  st  a        ,       ed     o  the^con- 

^'i°c,:lr:^thir^h:  h^:::  ^o'!ih^r;h:^atn  is  ra^ -,^- 

mo^el  of  a  Traveler  to  Carry  Wires,  Ropes,  etc..  through  Con- 
'iLlSparat^s'con'strtrottwo  parts,  one  P'-ed  ahead  of  the 
.other!  and  each  provided  with  spring  claws,    which  will  slide 


ahead  in  the  conduit,  but  wilUake  ho  Id  of  he  -^=yn<l  p^e- 
vent  any  backward  «°\'°"-,T„^tleys  so  that!  by  the  alternate 
"^f-'"°?Vh?cordV?h    whoe^i'^L^tus  wtll   move  ahead  of 

*■  rsr.''.";;!":."!.  piifc,..  \.m.>  .r^i, ,.  .1..  >.-- 

lowered  above  the  line  of  the  works^  modified 

Club.  ^ 

American  Society  of  Civil  Engineers. 

'''?his  resolution  was  discussed  by  Messrs.  D^f- We'nng'"^. 

pr7.ut;?pSfr.r=-;S'^  °™*=^^^ 
-rip".r™?s-.SKs3rrJjs„v;^^^^ 

last  convention  to  '^'^"1^^,'^^' ^"f'^^°g°",^     After  discussion 
report  will  be  found  below. 


u   ij     ,  ihs   'Snrietv's   House  in   New  York, 
by  members  present.  

^  ^'-^'^b^^e^'^ef^^r'^r^e^t^sr^d^^er^  ;^: 

m"Xg  aftt^HoTel  KaaTerskill  in  July  last,  on  the  question 
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of  creating  the  grade  of  "  Students '"  of  the  Society,  and  pre- 
sents the  report  of  the  special  Committee  to  which  that  resolu- 
tion was  referred.  This  report,  which  is  signed  by  Messrs. 
Robert  E.  .McMath,  Robert  H.  TJiurston,  W.  H.  Paine  and 
Robert  Moore,  Is  in  substance  as  follows: 

"  In  considering  the  advisability  of  creating  this  new  grade 
of  membership,  we  have  taken  into  full  account  the  only  ob- 
jection that  has  been  raised  to  such  action  ;  that  it  would  lower 
the  standard  of  the  Society.  If  there  be  danger  of  such  result, 
then  your  Committee  would  certainly  report  that  the  proposed 
action  is  not  advisable.  If  membership  of  the  Society  is  to 
remain  as  now  established,  then  to  add  a  lower  grade  would, 
in  a  certain  sense,  lower  the  average  of  the  Society  and  so  1 
afford  some  grouni  for  the  objection.  If,  on  the  other  hand, 
the  creation  of  a  new  grade  is  made  the  occasion  of  an  advance  1 
in  the  standard  of  qualific.-^tion  for  the  higher  grades,  then  the 
spirit  of  the  objection  is  an  argument  for  the  proposed  action. 
Another  consideration  influences  your  Committee,  which  is, 
that  we  find  scant  room  for  a  grade  of  students  below  the  re- 
quirements for  the  present  class  of  Junior.  We  therefore  say,  i 
decidedly,  that  if  the  Society  is  unwilling  to  raise  the  standard 
of  qualification  required  for  membership  in  grades  now  estab- 
lished, then  it  is  inexpedient  and  not  advisable  to  create  the 
proposed  grade  of  students. 

"  But  if  the  Society  is  ready  to  raise  the  standard  for  all 
grades,  then  we  say  the  creation  of  the  proposed  grade  of 
students  is  expedient  and  advisable. 

"To  test  the  disposition  of  the  Society,  and  with  confidence 
that  it  is  ready  for  a  step  in  advance,  we  report  in  favor  of  the 
adoption  of  the  accompanying  amendments  and  resolution  : 
AME.NDMENTS   TO    THE   CONSTITUTIO.N. 

"  Article  XVI.  The  active  members  of  the  Society  shall 
be  divided  into  three  classes,  to  be  styled  respectively  Mem- 
bers. Associate  Members  and  Associates  ;  and  each  person, 
when  duly  elected  and  qualified,  shall  receive  a  certificate  of 
Membership  indicative  of  the  class  to  which  he  belongs. 

"  Associate  Members  shall  have  all  the  rights  and  privileges 
of  Members  excepting  the  right  to  hold  office  or  to  vote  upon 
admission  to  membership.  Associates  shall  have  all  the  rights 
and  privileges  of  Members  excepting  the  right  to  hold  office 
or  to  vote. 

"  There  shall  also  be  a  preparatory  .ijrade.  to  be  designated 
Students  of  the  Society,  who  shall  have  the  right  to  attend  all 
meetings  not  strictly  devoted  to  business,  and  to  use  the  library 
and  rooms  of  the  Society  under  such  regulations  as  the  Board 
of  Direction  may  adopt.  They  shall  have  by  right  the  Trans- 
actions of  the  Society  and  the  privilege  of  presenting  papers 
and  written  discussions. 

"  Members  of  the  class  previously  styled  Juniors,  shall, 
after  March  7,  1S8S,  be  classed  as  Associate  Members. 

•■Article  XVII.  A  Member  shall  be  a  Civil,  Military, 
Mining  or  Mechanical  Engineer,  not  less  than  30  years  of  age, 
who  has  been  in  active  practice  as  such  for  at  least  ten  years 
or  has  graduated  at  a  school  of  engineering  after  a  full  course 
of  study  and  been  in  practice  seven  years,  and  who  continues 
in  actual  practice  at  the  time  of  application  for  membership, 
and  who  has  had  responsible  charge  of  work  as  Chief,  Resi- 
dent or  Superintending  Engineer  for  at  least  two  years,  not 
as  a  skillful  workman  merely,  but  as  one  qualified  to  design  as 
well  as  to  direct  engineering  works. 

"  An  Associate  Member  shall  be  one  over  24  years,  who  has 
had  actual  practice  in  some  of  the  branches  of  Civil,  Military, 
Mining  or  Mechanical  Engineering  for  at  least  five  years  ;  or, 
if  a  graduate  of  a  school  of  engineering  after  a  full  course  of 
study,  who  has  practiced  at  least  two  years. 

"An  Associate  shall  be  one  over  25  years  of  age,  who  is  a 
manager  of  a  railroad,  canal  or  other  public  work  ;  a  geologist, 
chemist  or  mathematician  ;  a  proprietor  or  manager  of  a  mine 
or  metallurgical  works  ;  an  architect  or  a  manufacturer  ;  or 
one  who.  from  his  scientific  acquirements  or  practical  ex- 
perience, has  attained  eminence  in  his  special  pursuit,  qualify- 
ing him  to  co-operate  with  engineers  in  the  advancement  of 
professional  knowledge  ;  but  shall  not  himself  be  practicing 
as  an  engineer. 

"  A  Student  shall  be  one  not  less  than  18  years  of  age,  who 
is  engaged  in  the  study  of  engineering  with  the  intent  to  be- 
come an  engineer,  and  who  has  pursued  that  study  at  a  tech- 
nical school  not  less  than  one  year,  or  who  shall  have  been 
engaged  in  the  study  and  practice  of  engineering  under  a  com- 
petent engineer  for  not  less  than  two  years.  A  Student  shall 
not  remain  in  that  grade  for  more  than  seven  years  ;  if  not 
elected  to  a  higher  grade  his  connection  with  the  Society  shall 
terminate  at  the  end  of  seven  years. 

"Article  XVIII.  Insert  after  '  Society,' at  end  of  first 
line  of  printed  copy,  the  words,  '  except  to  the  grade  of  Stu- 
dent.' 


"Also,  Article  XVIII.  (Insert  at  end  of  first  paragraph) 
'  Nominations  for  Students  shall  be  made  out  as  for  other 
grades,  but  the  endorsement  may  be  signed  by  a  Member,  As- 
sociate Member  or  Associate,  and  but  one  such  signature  will 
be  required.  Such  nominations  shall  follow  the  usual  course 
of  procedure  for  other  grades  except  submission  to  a  letter 
ballot.  The  Board  of  Direction  shall  elect  or  reject  the  appli- 
cant.' 

"  The  resolution  fixing  entrance  fee  and  annual  dues  for  As- 
sociate Members  and  Students  is  as  follows  : 

"Resolved :  In  the  event  of  the  Society  adopting  amend- 
ments to  the  Constitution  creating  the  grades  of  .Associate 
Member  and  Students  of  the  Society,  that  the  entrance  fee  and 
annual  dues  of  Associate  Members  shall  be  the  same  as  estab- 
lished for  Associates  ;  for  Students  no  entrance  fee  shall  be 
re<iuired,  and  the  annual  dues  shall  be,  for  resident  Students, 
$10  and  for  non-resident  Students,  $6  per  annum." 

A  supplement  to  the  report  is  added  by  the  Committee 
giving  its  reasons  in  detail  for  the  proposed  changes.  Mr. 
Frederick  Brooks,  a  member  of  the  Committee,  made  a  minor- 
ity report  presenting  amendments  differing  from  those  given 
by  the  majority  in  some  details,  and  retaining  the  name  of 
Junior  for  the  grade  called  Associate  by  the  Committee. 


Master  Car- Builders'  Association. 

At  a  recent  meeting  of  the  Executive  Committee  in  New- 
York,  it  was  announced  that  on  the  question  of  adopting  the 
Janney  type  of  car-coupler  as  the  standard  of  the  Association, 
the  letter-ballot  stood  :  For,  474  ;  against,  iq4.  Over  two- 
thirds  of  the  vote  being  in  favor  of  the  standard,  it  is  declared 
adopted. 

The  other  standards  submitted  to  letter-ballot  at  the  same 
time  (Draft-rigging  for  non-automatic  couplers  ;  Axle  and  jour- 
nal-box for  cars  of  60,000  lbs.  capacity  ;  Sizes  of  lumber  for 
freight  cars)  failed  to  receive  a  two-thirds  vote  and  were  not 
adopted. 

The  resignation  of  the  Secretary  was  considered,  but  the  Com- 
mittee declined  to  accept  it. 

The  following  resolution  was  adopted  at  this  meeting  : 

"Resolved,  That  a  sub-committee  of  five  be  appointed  to 
critically  examine  the  different  forms  of  couplers  coming  within 
the  Master  Car-Builders'  type,  and  report  the  result  of  their 
examination  to  the  Executive  Committee  on  the  second 
Thursday  in  January,  188S,  for  their  further  action." 

Messrs.  Wall,  Wade,  Lentz,  Cloudand  Forney  were  appointed 
such  Committee. 


PERSONALS. 

Mr.  H.  L.  Cooper  has  resigned  his  position  as  Superintend- 
ent of  Equipment  of  the  Lake  Erie  iS:   Western  Railroad. 

Mr.  M.  Reecly  has  been  appointed  Roadmaster  of  the  St" 
Louis,  Vandalia  6:  Terre  Haute  Railroad. 

Commander  Edgar  C.  Merriman,  U.  S.  N.,  has  been  de- 
tailed as  Equipment  Officer  of  the  Boston  N'avy  Yard, 

Mr.  P.  Reilly  has  been  appointed  Superintendent  of  Equip- 
ment of  the  Lake  Erie  t*c  Western  Railroad,  with  office  at 
Lima,  O.,  in  place  of  H.  L.  Cooper,  resigned. 

Mr.  B.  C.  Bosworth  has  been  appointed  Superintendent  of 
Machinery  of   the  Colo  Midland   Railroad,  with   office   at 

Colorado  Springs,  Col.,  succeeding  William   Fuller,  resigned. 

Colonel  Henry  G.  Prout  has  retired  from  the  firm  of  At- 
kin  &  Prout,  printers,  ;ind  will  hereafter  devote  his  whole  time 
to  his  duties  as  Managing  Editor  of  the  Ruilrond  Gazelle. 

Mr.  W^illiam  Torrence  has  been  appointed  Master  Mechanic 
of  the  Ohio  \f alley  Railroad,  with  headquarters  at  DeKoven, 
Ky. 

Mr.  W.  H.  Brinckerhoff,  M.  Am.  Soc.  C.  E.  has  accepted  a 
position  on  the  editorial  staff  of  the  Etii^ineeniig  and  Building 
Record  {{slIC  the  San/lory  /Oigineer).  of  New  York. 

Assistant  Naval  Constructor  John  B.  Hoover,  U.  S.  N.» 
has  been  ordered  to  special  duty  in  connection  with  the  new 
cruisers  now  building  at  Cramp's  yard  in  Philadelphia. 

Mr.  Samuel  Thomas  has  resigned  his  position  as  President 
of  the  Thomas  Iron  Company,  after  nearly  35  years' service, 
on  account  of  continued  ill  health. 
i  Mr.  David  L.  Barnes  has  resigned  as  Chief  Draftsman  of 
the  Rhode  Island  Locomotive  Works  and  will  open  an  office 
as  consulting  engineer. 
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Mr.  Arthur  C .  Moore  has  charge  of  the  surveys  and  plans  for 
11CW  waterworks  for  the  town  of  Brookfield,  Mass.  lie  has 
iust  completed  plans  for  a  new  reservoir  for  the  Southbridge 
water-works. 

Mr.  Edwin  Thacher,  Chief  Engineer  of  the  Keystone  Bridge 
Company.  I. as  accepted  the  position  of  Chief  Engineer  to  the 
Decatur  Bridge  Company,  recently  organized  at  Decatur,  Ala., 
and  will  proceed  to  his  new  field  shortly. 

Mr.  A.  Gordon  Jones  has  been  appointed  Superintendent 
of  the  Little  Rock  &  Memphis  Railroad,  with  office  at  Mem- 
phis, Tenn.  He  was  formerly  on  the  Baltimore  &  Ohio  Rail- 
road. 

Mr.  S.  Wright  Dunning,  formerly  Editor  of  the  Railroad 
Gazette,  sailed  from  New  York,  September  27,  on  an  extended 
trip  to  Europe.  He  is  accompanied  by  Mrs.  Dunning,  and 
purposes  spending  at  least  two  years  abroad. 

Mr.  C.  F.  Resseguie  has  been  appointed  Superintendent  of 
the  Idaho  Division  of  the  Union  Pacific,  with  office  at  Poca- 
tello.  Idaho.  He  has  been  for  11  years  on  the  Chicago,  Bur- 
lington &  Quincv,  and  was  recently  Superintendent  of  the 
Illinois  lines  of  that  road. 

Mr.  J.  C.  Monroe  has  been  appointed  Master  Mechanic  of 
the  Kansas  City,  Memphis  &  Birmingham  Railroad,  with  office 
in  Memphis,  Tenn.  He  was  recently  on  the  Missouri  Pacific 
at  Palestine,  Texas. 

Mr.  Robert  Garrett  has  retired  from  the  office  of  President 
of  the  Baltimore  &  Ohio  Railroad  Company  in  consequence 
.)f  recent  charges  in  the  control  of  that  company.  Mr.  Garrett 
is  not  at  present  in  good  health,  and  has  gone  to  Mexico  on  a 
long  trip.  Reports  have  been  circulated  that  his  mind  is  affect- 
ed, but  they  do  not  a[)pear  to  rest  on  anv  very  reliable  basis. 

Mr.  E.  H.  Walker,  for  many  years  Statistician  of  the  New 
York  Produce  K.\change.  has  joined  the  editorial  staff  of  Brad- 
slreet'j.  the  well-known  commerical  and  financial  newspaper 
published  in  New  York,  to  which  he  will  give  his  exclusive 
•services.  Mr.  Walker  is  perhaps  the  best  informed  man  now  in 
the  country  on  the  statistics  of  grain,  flour,  provisions,  live 
stock  and  kindred  lines. 

Mr.  John  D.  Kernan,  Chairman  of  the  Board  of  Railroad 
Commissioners  of  the  State  of  New  York,  has  resigned  his 
office,  to  date  from  November  14.  Mr.  Kernan  expects  to  re- 
sume the  practice  of  law  in  New  York  City.  He  has  been 
active  in  the  work  of  the  New  York  State  Commission,  espec- 
ially in  connection  with  the  drafting  of  amendments  to  the  gen- 
eral railroad  laws  and  Legislation  for  the  regulation  of  rail- 
roads and  the  protection  of  the  traveling  public  and  railroad 
employes.  The  accurate  compilation  of  the  railroad  law  of  the 
State,  contained  in  each  annual  report  of  the  Board  and  pre- 
pared under  his  supervision,  is  highly  spoken  of  by  lawyers. 
The  weight  given  to  his  recommendations  as  to  National  rail- 
road legislation  by  the  Cullom  Committee  of  the  United  States 
Senate  led  to  the  general  belief  that  he  would  be  appointed  an 
Inter-State  Commerce   Commissioner  last  spring. 


NOTES   AND    NEWS. 

A  Mountain  Tramvsray. — The  Gilpin  Tramway  Company  is 
building  a  road  of  2  ft.  gauge  to  carry  ore  from  mines  in  the 
mountains  near  Central  City,  Col.,  to  the  mills  at  Blackhawk. 
The  line,  which  is  more  than  half  finished,  is  10  miles  long,  and 
is  nearly  all  on  a  grade  of  3>4  per  cent.,  or  185  ft.  to  the  mile. 
It  will  be  equipped  with  2  locomotives  of  the  Shay  pattern, 
made  at  Lima,  C,  and  100  ore  cars. 

Electric  Lighting  of  Cars  in  Russia. — The  Russian  Minis- 
ter of  Railroads  has  appointed  a  commission  to  select  a  method 
of  lighting  railroad  cars  with  electricity,  and  all  the  principal 
companies  will  hereafter  be  compelled  to  use  the  lighl  on  pass- 
enger trains.  The  South  Russian  Railroad  has  for  some  time 
used  electric  light  on  all  its  fast  trains  from  Odessa  to  Kieff, 
and  the  Czar's  special  trains  have  been  so  lighted  for  a  long 
time. 

Proposed  New  Russian  Canal. — The  Dwina  and  the 
Dnieper  are  to  be  joined  by  a  new  canal  which  will  connect 
the  River  Loutchesa,  flowing  into  the  Dwina  near  Vitebsk, 
and  the  River  Ochitcha,  flowing  into  the  Dnieper.  This  pro- 
ject also  entails  deepening  and  improving  the  means  of  navi- 
gation on  the  Dwina  and  on  the  Dnieper,  which  will  cost  2,000.- 
000  roubles,  while  the  cost  of  the  construction  of  the  canal  is 
■estimated  at  8,000,000  roubles  (.$3,600,000). 


The  French  Exposition  of  1889.— Official  notice  has  been 
issued  that  the  Committee  of  Class  61  (which  includes  material 
of  all  kinds  for  railroads  and  tramway- ,  cars,  engines,  etc.) 
has  been  organized.  Its  first  work  is  to  determine  how  much 
space  will  be  needed  for  exhibits  of  this  class,  and  for  this  pur- 
pose those  who  intend  to  exhibit  are  urgently  requested  to 
notify  the  Committee  at  the  earliest  possible  date  of  the  amount 
of  space  they  will  require  «Dd  of  the  nature  and  extent  of  their 
exhibits. 

Baltimore  &  Ohio  Employes'  Relief  Association. — The 
August  sheet  of  this  Association  shows  payment  of  benefits  as 
follows  : 

Number.    Amount. 

Accidental  deaths 3  $4,soo 

Accidental  injuries 357  4i9s8 

Natural  deaths 15  7,750 

Sickness 608  8,798 

Physicians' bills 258  1,453 

Total 1,241         ■?=7,459 

From  the  foundation  of  the  Association  in  1880  it  has  paid 
out  in  all  $1,482,301  in  benefits. 

The  Vanderbilt  Building.— The  new  building  in  New  York, 
given  by  Mr.  Cornelius  Vanderbilt  for  the  benefit  of  the  em- 
ployes of  the   New  York   Central  &   Hudson   River  road,   was 

'    formally  opened  October  3,  when  speeches  were  made  by  Mr. 

1    Vanderbilt,  Bishop  Potter,  Mr.  Chauncey  M.  Depew  and  others 

j    to  a  large  number  of  invited  guests. 

The  building  will  be  under  the  charge  of  the  Young  Men's 
Chiistian  Association.  It  has  on  the  first  floor  a  library  con- 
taining 6,000  volumes,  a  reading  room,  social  room  and  bath- 
rooms. On  the  second  floor  is  a  large  hall  for  meetings,  etc. 
In  the  third  floor  is  the  recreation  room,  comfortably  fitted  up 
with  lounges.  Here  the  men  can  get  hot  coffee  free  of  charge, 
while  all  the  cooking  appliances  necessary  for  a  restaurant  are 
on  hand.  In  the  top  floor  is  a  large  room  fitted  up  with  brass 
bedsteads  for  the  use  of  railroad  men  compelled  to  stay  in  the 
city  over  night.     Everything  is  most  handsome  and  complete. 

Railroads  in  Colombia.— Mr.  E.  W.  P.  Smith,  Consul  at 
Carthagena.  Colombia,  writes  to  the  State  Department  :  "  A 
Franco  Belgian  syndicate  of  capitalists  has  just  secured  a 
most  important  concession  from  this  Government  for  the  con- 
struction of  two  grand  trunk  lines  of  railroads  between  a  port 
on  the  Atlantic  and  one  on  the  Pacific  to  Bogota.  The  Gov- 
ernment, in  addition  to  a  guarantee  of  7  per  cent,  on  a  capital 
of  880,000,000,  gives  the  company  large  land  grants,  and  ex- 
empts from  contribution  and  import  duties  all  material  and 
supplies  that  may  be  introduced  into  the  country  by  the  com- 
pany. This  enterprise  could  have  been  secured  by  American 
I  capitalists  had  they  sent  proper  representatives  out  here  to  ob- 
tain it. 

"  An  enterprising  American  has  obtained  the  privilege  of 
constructing  a  tramway  in  this  city,  and  has  gone  home  to 
obtain  the  necessary  outfit  for  its  mimediate  construction." 

The  Cairo  Bridge.— The  bridge   over  the  Ohio  River  at 

(    Cairo,  111.,  for  the  Illinois  Central  Railroad  will  have  12  spans, 

two  of  51S',  ft.  each,  center  to  center  of  piers  ;  seven  of  400 

ft.  each  and  three  of  250  ft.  each,  making  the  total  length  4,- 

670  ft. 

The  approaches  will  be  wooden  trestle,  to  be  filled  with  earth 
by  train  after  the  bridge  is  open  for  traflSc. 

The  clearance  line  of  the  superstructure  is  53  ft.  above  ex- 
treme high  water.  High  water  mark  is  52.17  ft.  above  ex- 
treme low  water.  The  foundations  in  the  river  will  be  at  least 
75  ft.  below  low  water,  so  that  the  total  height  of  piers  will  be 
about  180  ft. 

The  foundations  in  the  river  will  be  sunk  by  the  plenum 
pneumatic  process.  The  caisson  will  be  surmounted  by  a  crib 
filled  with  concrete,  and  the  total  height  of  the  caisson  and 
crib  will  be  50  ft.  The  masonry  will  be  built  of  stone  from 
Bedford.  Ind.,  except  the  up-stream  nose  stone,  between  high 
and  low  water,  which  will  be  of  granite.  The  superstructure 
will  be  entirely  of  steel,  except  pedestal  castings  and  some  un- 
important parts.  The  plans  are  now  prepared  in  detail,  and 
the  work  is  well  under  way. 

The  entire  work  %vill  be  completed  by  the  close  of  1889, 
about  2l4  years  from  the  date  of  commencing  the  work.  The 
entire  cost  is  not  expected  to  exceed  $2,500,000.  The  bridge 
is  single  track. 

The  plans  have  been  made  by  and  the  work  is  under  the 
charge  of  Messrs.  Morison  &  Corthell,  with  Mr.  Alfred  Noble 
as  Resident  Engineer. 

The  Union  Bridge  Co.,  of  New  York,  have  the  contract  for 
nearly  all  the  work  on  the  main  bridge. 


535 


THE   RAILROAD  AND 


[November,  1887. 


Railroads  in  Hayti.— Mr.  John  E.  W.  Thompson,  Consul- 
General  to  Hayti,  writes  to  the  State  Department  as  follows  : 
"  A  law  sanctioning  th;  contract  for  the  building  of  a  railroad 
from  the  city  of  Gonalves  to  Gros  Morne,  a  distance  of  about 
24  miles,  with  eventual  termination  at  Port  de  Paix,  was  pub- 
lished in  the  Afoniltiirol  the  date  August  19,  i8S().  This  con- 
tract has  been  made  with  a  French  firm,  who  some  years  back 
sent  engineers  exploring  into  that  part  of  the  country,  and  who 
evidently  found  the  condition  particularly  rich  and  profitable 
for  the  scheme,  because  ever  since  they  have  been  striving  to 
get  the  concession,  and  the  only  subvention  given  by  the  Gov- 
ernment consists  in  the  wood  found  in  a  parallel  of  10  kilometers 
to  the  right,  and  10  to  the  left  of  the  line  on  the  public  ground 
of  the  State.  It  is  said  that  the  above  named  country  abounds 
in  forests  of  the  finest  quality  of  mahogany  and  logwood,  and 
these  valuable  products,  owing  to  there  being  no  mode  of 
transporting  the  same  to  the  sea-ports,  could  not  be  utilized 
for  exportation.  The  line  is  to  be  entirely  finished  at  the  ex- 
piration of  28  months  ;  also  the  rails  are  to  be  laid  to  the 
wharves,  in  order  to  communicate  directly  with  vessels  load- 
ing. 

"  Such  an  enterprise  embodies  results  of  more  or  less  sig- 
nificance. If  successful,  it  will  be  the  means  of  causing  simi- 
lar lines  to  be  laid  at  available  points  and  thus  openmg  up 
anew  the  exportation  of  articles  now  difficult  to  obtain.  Bra- 
zil-wood and  other  valuable  woods  which  have  a  marked  value 
are  now  unavailable  for  want  of  roads  and  means  of  transpor- 
tation to  the  seaboard  cities." 

Blast    Furnaces   of  the   United   States. — The   American 

Manufacturer  saL^s:    "Our  usual   monthly    statement    of   the 

condition   of  the   blast    furnaces   of    the    United    States,  on 

October  I,  in  a  condensed  form,  makes  the  following  showing  : 

In  blast.  Out  of  blast. 

^  Weekly"^  '"  Weekly 

Fuel.  No.  capacity.  No.  capacity. 

Charcoal 73  i5.>7i  '°4  ii,4=o 

Anthracite 122  36.044  '9  i9,'34 

Bituminous 151  93.4=3  ''  =5.5o5 

Total 34<J  144.638  =44  56.159 

"There  has  been  a  reduction  during  the  month  of  total 
number  of  furnaces  in  blast  of  6.  There  are  6  less  charcoal 
furnaces  blowing,  8  less  anthracite  and  8  more  bituminous. 

"As  compared  with  a  year  ago,  the  condition  of  the  furnaces 
in  blast  is  as  follows  : 

Oct.  I,  1887.  Oct.  I,  1886. 

'  Weekly  Weekly 

Fuel.                                        No.  capacity.  No.  capacity. 

Charcoal 73  1S.171  66  11,105 

Anthracite 122  36.044  121  34.091 

Bituminous 151  93.423  132  76.270 

Total 346         144.638  319  121.476 

"The  most  notable  feature  of  the  report  for  this  month  is 
the  large  number  of  coke  furnaces  in  blast.  151.  with  a  weekly 
capacity  of  93,423  tons.  This  is  the  largest  number  of  coke  or 
bituminous  furnaces  and  capacity  ever  reported  as  blowing, 
the  nearest  approach  to  it  was  April  i,  1S87,  when  the  same 
number  of  furnaces  was  reported  as  in  blast,  but  the  reported 
capacity  was  but  86,709  tons." 

Electro-Magnetic  Machine  Tools. — The  first  successful 
examples  of  electric  machine  tools  are  the  electro-magnetic 
machines  introduced  by  Mr.  John  McMillan,  Sr.,  into  the  prac- 
tical work  of  his  shipyard,'  at  Dumbarton,  Scotland,  from 
which,  on  Mav  19,  1887,  was  launched  the  screw  steamer  Al- 
bania, having  a  portion  of  the  rivet  holes  in  her  shell  drilled  by 
these  machines.  After  a  very  small  amount  of  practice,  the 
men  working  the  machines  drilled  the  J^-in.  holes  in  the  shell 
with  great  rapidity,  doing  the  work  at  the  rate  of  one  hole 
every  69  seconds,  inclusive  of  the  time  occupied  in  altering 
the  position  of  the  machines  by  means  of  differential  pulley- 
blocks,  which  were  not  conveniently  arranged  as  slings  for 
this  purpose  Repeated  trials  of  these  drilling  machines  have 
also  shown  that,  when  using  electrical  energy  in  both  holding- 
on  magnets  and  motor  amounting  to  about  %  H.  P.,  machines 
have  drilled  holes  of  i  in.  diameter  through  i>^  in.  thickness 
of  solid  wrought-iron,  or  through  1%  in.  of  mild  steel  in  two 
plates  of  H  in.  each,  taking  exactly  i3^  minutes  for  each  hole. 
Another  machine,  which  has  magnets  of  less  holding  power, 
when  using  only  about  0.6  H.  P.  of  electrical  energy,  took  the 
same  time  to  drill  holes  of  )  J  in.  diameter  through  wrought- 
iron  of  {"  in.  thickness.  As  regards  speed  of  drilling,  it  is  be- 
lieved that  these  results  are  equal  to«ny  obtained  by  machines 
using  much  greater  power.  With  a  hammer  using  an  electro- 
motor giving  out  one  half  brake  H.  P.,  from  loo  to  150  blows 
per  minute  have  been  obtained,  with  a  force  of  impact  equal 
to  about  180  foot-pounds  per  blow,  as  nearly  as  could  be  ascer- 
tained.    This  is  much  greater  than  the  force  of  blow  given  by 


hand  hammers  weighing  h  pounds  and  striking  as  heavily  as 
is  possible  in  staving  up.  At  the  works  of  Messrs.  Immisch 
&  Co.,  in  March  last,  this  riveter  was  seen  closing  i-in.  rivets 
in  10  seconds  each.  The  electro.motors  used  in  the  machines 
constructed  for  Mr.  McMillan,  with  which  these  results  have 
been  obtained,  were  of  Messrs.  Immisch's  design  and  manu- 
facture. After  seeing  the  machines  at  work  in  Messrs.  McMil- 
lan's yard,  Messrs.  William  Denny  &  Brothers  corstrurted  an 
electrical  drilling  machine  having  a  modification  of  ihc  travers- 
ing frame,  but  without  holding-on  magnets,  and  applied  this 
machine  to  drilling  the  rivet  holes  in  the  butt  joints  of  a  large 
steamer. 

Domestic  Motive  Power  by  Atmospheric  Exhaustion. 
— M.  A.  Tesca,  in  the  Bulletin  de  la  Societi'  d' l-'.ncouragement, 
says  that  the  Society  for  the  Distribution  of  Power  in  Dwelling 
Houses  has  established  a  system  of  domestic  motive-power  in 
the  Rue  Beaubourg,  one  of  the  most  populous  districts  in  Paris, 
supplying  power  in  small  quantities  to  work  the  tools  or  ma- 
chines  employed  in  small  industries.  M.  Petit,  the  inventor, 
assisted  by  M.  Boudenol,  erected  at  first  a  powerful  steam- 
engine  of  75  H.  P.,  with  a  boiler,  which  was  employed  to  work 
a  large  air-pump,  placed  behind  the  steam-cylinder  for  the 
purpose  of  exhausting  the  air  fron.  an  underground  conduit 
into  the  atmosphere.  From  this  main  conduit,  placed  for  the 
most  part  in  the  sewers,  small  pipes  or  tubes  were  branched 
into  the  blocks  of  houses,  ending  in  rising  columns,  analogous 
to  those  employed  for  the  distribution  of  gas  in  the  interior  of 
houses. 

The  vacuum  thus  maintained  in  the  main  conduit  and  its 
branches,  serves  to  drive  the  small  motors  erected  in  each 
work-room,  by  the  rush  of  the  air  of  the  rooms  through  the 
motors  into  the  pipes,  after  having  acted  by  its  pressure  on  the 
pisto  IS  of  the  machines.  Whatever  the  number  of  open 
branches,  that  is  to  say,  of  little  motors  in  action,  the  vacuum 
is  maintained  in  the  conduit,  supposing,  of  course,  that  the 
duty  of  the  air-pump  is  equal  to  the  volume  of  external  air 
entering  the  conduit  from  the  various  branches.  For  this  pur- 
pose, the  vacuum-gauge  is  provided  with  alarms  to  announce 
excess  of  pressure  or  of  vacuum,  as  the  case  may  be.  Uni- 
formity of  pressure  can  be  easily  maintained  by  the  attendant ; 
and  thus  it  is  that,  whilst  the  engine  may  work  slowly  at  cer- 
tain hours  of  the  day.  it  may  ■•  ork  at  double  the  speed  when 
the  demand  for  power  is  augmented.  Each  motor  is  fitted 
with  a  meter,  by  which  the  consumption  is  correctly  gauged. 

The  installation  in  the  Rue  Beaubourg  commenced  opera- 
tions in  January,  1885  ;  and  May,  18S6,  the  power  was  entirely 
utilized  in  driving  70  small  motors,  in  as  many  workshops,  of 
a  power  of  from  40  foot-pounds  to  290  foot-pounds,  on  a  length 
of  about  5,000  ft.  of  passage-way  in  the  Rue  Beaubourg  and 
the  adjoining  streets. 

The  new  exhausting  steam  engines  and  pumps  are  in  course 
of  erection  alongside  the  first  one,  and  the  complete  installa- 
tion will  consist  of  3  exhausting  steam  engines  and  pumps  of 
75  H.  P.  each,  or  together  225  H.  P.;  2  steam-boilers  ;  a  sys- 
tem of  passage-ways  6,600  ft.  long,  and  about  200  small  motors 
on  the  different  floors  of  a  block,  or  separately  in  the  different 
house?  of  the  quarter. 

A  Petroleum  Tank  Steamer. — We  recently  noticed  the 
launch  from  the  Low  Walker  ship-building  yard  of  Messrs.  Sir 
W.  G.  Armstrong,  Mitchell  &  Co.,  of  the  steamer  Vilte  de 
Calais,  which  has  been  specially  built  for  the  carriage  of  crude 
petroleum  in  bulk,  and  which  is,  we  believe,  the  first  steamer 
of  the  kind  that  has  ever  been  specially  constructed  for  this 
purpose.  The  Ville  de  Calais  is  built  of  steel  to  the  highest 
class  Veritas,  and  is  capable  of  carrying  2,400  tons  dead  weight, 
on  less  than  iS  ft.  draft.  She  is  subdivided  by  a  longitudinal 
and  athwartship  bulkhead  into  numerous  cells  or  compart- 
ments, each  of  which  has  its  own  expansion  chamber,  which 
latter  also  forms  a  receptacle  for  the  gases  which  are  evolved 
from  the  cargo.  These  arrangements  in  this  vessel  are  of  a 
very  special  description — petroleum  in  its  crude  state  being 
{  much  more  volatile  than  refined  ;  for  this  reason,  also,  the 
■  general  construction  and  workmanship  of  the  hull  had  to  be 
treated  more  like  boiler-work  than  ordinary  ship-building  ; 
and  before  launching,  each  compartment  was  tested  with  water, 
having  a  head  pressure  considerably  in  excess  of  what  would 
be  sustained  in  ordinary  working.  There  is  a  very  complete 
installation  of  pumps  on  the  Worthington  system,  both  for  dis- 
charging the  cargo  and  equalizing  at  will  the  amount  of  oil  con- 
tained in  the  various  compartments.  The  machinery  is  on  the 
triple-expansion  system,  by  the  Wallsend  Slipway  &  Engi- 
neering Company,  and  during  her  trial  on  Thursday  last 
1  worked  with  perfect  smoothness  and  without  the  slightest 
I  hitch.  The  vessel  was  fully  laden  with  water  to  the  contract 
I  draft,  and  obtained  a  speed  of  10  knots.  On  Saturday,  she 
sailed  to  Calais,  where  she  has  since  arrived,  all  well,  after  a 
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good  run.  The  whole  of  ihe  vessel's  arrangements  are  of  the 
most  complete  de.'scription.  including  a  full  electric-light  instal- 
lation by  Messrs.  Clarke.  Chapman.  Parsons  &  Co.  Sir  W. 
G.  ArmstronK.  Mitchell  &  Co.  have  given  the  construction  of 
petroleum  steamers  their  special  attention,  and  the  )'///<•  Je 
Co/a/i  is  the  third  tank  steamer  delivered  by  them  this  year. 
the  previous  vessels  being  the  Minister  Maybach  of  3,300  tons 
d.  w.,  and  the  Hans  und  Kurt  of  2,800  tons  d.  w.;  whilst  a 
fourth,  named  the  Willkommen  of  4,000  tonsd.  w.,  will  take  her 
trial  trip  this  week  ;  and  the  same  builders  have  yet  another 
vessel  in  hand  in  an  early  stage  of  construction. —  The  London 
Engine tr.  \ 

The  Best  Way  of  Destroying  a  Railroad. — A  knowl- 
edge of  the  art  of  building  railroads  is  certainly  of  more  value 
to  a  country  than  that  of  the  best  means  of  destroying  them  ; 
but  at  this  particular  time  the  destruction  seemed  necessary, 
and  the  time  may  again  come  when  such  work  will  be  neces- 
sary. Lest  the  most  effectual  and  expeditious  method  of  de- 
stroying railroad  tracks  should  become  one  of  the  lost  arts,  1 
will  here  give  a  few  rules  for  the  guidance  of  officers  who  may 
in  future  be  charged  with  this  important  duty.  It  should  be 
remembered  that  these  rules  are  the  result  of  long  experience 
and  close  observation.  A  detail  of  men  to  do  the  work  should 
be  made  on  the  evening  before  operations  are  to  commence. 
The  number  to  be  detailed  being,  of  course,  dependent  upon 
the  amount  of  work  to  be  done,  I  estimate  that  1,000  men  can 
easily  destroy  about  5  miles  of  track  per  day,  and  do  it  thor- 
oughly. *  «  *  *  Your  detail  should  be  divided  into  three 
sections  of  about  equal  numbers.  I  will  suppose  the  detail  to 
consist  of  3,000  men.  The  first  thing  to  be  done  is  to  reverse 
the  relative  positions  of  the  ties  and  iron  rails,  placing  the  ties 
up  and  the  rails  under  them.  To  do  this.  Section  No.  i,  con- 
sisting of  1,000  men,  is  distributed  along  one  side  of  the  track, 
one  man  at  the  end  of  each  tie.  At  a  given  signal  each  man 
seizes  a  tie,  lifts  it  gently  till  it  assumes  a  vertical  position,  and 
then  at  another  signal  pushes  it  forward  so  that  when  it  falls 
the  ties  will  be  over  the  rails.  Then  each  man  loosens  his  tie 
from  the  rail.  This  done,  Section  No.  i  moves  forward  to  an- 
other portion  of  the  road,  and  Section  No.  2  advances  and  is 
distributed  along  the  portion  of  the  road  recently  occupied  by 
Section  No.  I.  The  duty  of  the  second  section  is  to  collect  the 
ties,  place  them  in  piles  of  about  30  ties  each — place  the  rails 
on  top  of  these  piles,  the  center  of  each  rail  being  over  the 
center  of  the  pile,  and  then  set  fire  to  the  ties.  Section  No.  2 
then  follows  No.  i.  As  soon  as  the  rails  are  sufficiently  heated. 
Section  No.  3  takes  the  place  of  No.  2,  and  upon  this  devolves 
the  most  important  duty,  viz.,  the  effectual  destruction  of  the 
rail.  This  section  should  be  in  command  of  an  efficient  officer, 
who  will  see  that  the  work  is  not  slighted.  Unless  closely 
watched,  soldiers  will  content  themselves  with  simply  bending 
the  rails  around  trees.  This  should  never  be  permitted.  A 
rail  which  is  simply  bent  can  easily  be  restored  to  its  original 
shape.  No  rail  should  be  regarded  as  properly  treated  till  it 
has  assumed  the  shape  of  a  doughnut  ;  it  must  not  only  be 
bent  but  twisted.  To  do  the  twisting,  Poe's  railroad  hooks  are 
necessary,  for  it  has  been  found  that  the  soldiers  will  not  seize 
the  hot  iron  bare-handed.  This,  however,  is  the  only  thing 
looking  toward  the  destruction  of  property  which  I  ever  knew 
a  man  in  Sherman's  army  to  decline  doing.  With  Poe's  hooks 
a  double  twist  can  be  given  to  a  rail  which  precludes  all  hope 
of  restoring  it  to  its  former  shape  e.xcept  by  re-casting. — Gen- 
eral H.   W.  Slociim.  in  the  Century  for  October. 

Coal  and  Petroleum  in  the  Argentine  Republic. — Consul 
E.  L.  Baker  writes  to  the  State  Department  from  Buenos 
Ayres  :  "The  question  of  coal  deposits  in  the  Argentine  Re- 
public, about  which  there  has,  in  the  past,  been  so  much  doubt 
and  uncertainty,  is  gradually  approaching  an  affirmative  solu- 
tion. In  my  last  annual  report  I  referred  to  the  discoveries 
made  bv  Colonel  Oloscoago,  in  the  southern  portion  of  ihe 
province  of  Mendoza  :  as  also  the  discoveries  announced  by  an 
American  miner  in  the  province  of  San  Juan.  We  now  have 
information  that  "coal  of  first-class  quality  and  abundant'  has 
been  discovered  at  two  different  points,  one  40  leagues  and 
the  other  50  leagues  south  of  San  Rafael,  a  small  town  in  the 
province  of  Mendoza.  Likewise,  Prof.  L.  Brackenbush,  of 
the  Universitv  of  Cordoba,  who  has  been  making  scientific  re- 
searches on  the  estate  of  Sr.  Igarzabal.  near  Paganso,  in  the 
province  of  Rioja,  announces  to  the  public  that  '  coal  is  there, 
rich  and  abundant,  and  only  30  kilometers  from  the  Colorados 
Railway  station  on  the  Chilceto  &  Dear-Funes  Railway  line.' 
A  plan  of  the  deposits  has  been  drawn  up  with  a  view  to  their 
exploration.  So  I  suppose  the  conundrum  of  coal  or  no  coal 
may  now  be  considered  as  fully  answered  in  the  affirmative. 

"  I  may  add  here,  that  a  company  has  lately  been  formed  in 
this  city  for  working   the  petroleum   deposits,  heretofore  an- 


nounced by  me  to  have  been  discovered  near  the  city  of  Men- 
doza. We  now  have  intelligence  that  at  a  depth  of  120  meters 
the  deposit  was  reached,  and  that  a  steady  steam  of  pure 
petroleum  comes  to  the  surface.  The  news  has  caused  some 
stir  here,  in  view  of  the  great  and  constant  demand  all  over 
the  Argentine  Republic  for  kerosene  oil,  the  bulk  of  which  now 
comes  from  the  United  States.  Owing,  however,  to  the  dis- 
tance from  the  River  Plate  at  which  this  Argentine  petroleum 
is  found,  and  the  expense  of  transportation,  I  doubt  if  it  will 
be  able  to  compete  in  price  with  the  American  article,  unless 
the  Argentine  Government  puts  on  a  prohibitive  tariff." 

Railroads  in  the  Argentine  Republic. — Consul  E.  L.  Baker, 
at  Buenos  Ayres,  in  his  annual  report  to  the  State  Department 
for  18S0,  says  :  "  The  work  of  railroad  construction  has  been 
prosecuted  with  more  than  usual  activity  during  the  past  year. 

"  The  extension  of  the  Central-Northern  road  is  now  com- 
pleted a  distance  of  270  kilometers  beyond  Tucuman,  and  most 
of  the  work  is  ready  for  the  superstructure  as  far  as  Salta. 
One  hundred  kilometers  of  road  have  likewise  been  completed 
between  Rosario  de  la  Frontera  and  Metan.  The  work  be- 
tween Chilcas  and  the  Rio  Passage  is  in  progress,  and  the 
whole  line  will  be  pushed  during  the  coming  year,  as  also  the 
branch   from  Dear-Funes  to  Chilceto,  a  distance  of  415  kilo- 


"  All  the  accessory  works  of  the  branch  of  the  Northern 
Central  to  Santiago  del  Estero  have  been  finished,  and  also  of 
the  branch  to  Chumbicha,  176  kilometers,  and  both  lines  have 
been  opened  to  the  public  sarvice, 

"The  road  from  Buenos  Ayres  to  Rosario,  a  distance  of  305 
kilometers,  finished  at  the  date  of  my  last  annual  report,  has 
been  running  regularly  during  the  last  year,  thus  reducing  the 
time  between  the  two  places  to  seven  hours.  It  is  now  being 
extended  on  to  Sunchales,  45  kilometers,  and  will  soon  be 
completed  to  that  point. 

"A  second  road,  projected  in  the  interest  of  the  Buenos 
Ayres  &  Pacific  road,  is  now  under  construction  from  here  to 
Mercedes,  in  this  province,  where  it  is  to  connect  with  the  said 
Pacific  road,  now  completed  as  far  as  Mercedes,  in  the  pro- 
vince of  San  Luis,  a  distance  of  336  kilometers.  It  is  now  be- 
ing further  pushed  on  to  Orellanos,  355  kilometers,  to  which 
place  it  will  be  finished  in  a  few  months.  From  Mendoza, 
westward,  the  last  link  in  the  Andine  road  is  now  under^  con- 
tract. 

"  Various  other  roads  have  been  projected,  and  for  some  of 
these  concessions  have  been  obtained  from  the  Government  ; 
among  these  is  a  railway  from  Bahia  Blanca  directly  across 
the  Andes  by  a  new  pass  to  Chili,  and  another  from  Buenos 
Ayres  also  across  the  Andes  to  Chili  by  a  southern  pass. 

"  As  showing  the  progress  which  railroad  construction  has 
been  making  in  the  Argentine  Republic,  I  may  say  that  in 
October,  18S0,  the  total  number  of  kilometers  was  2,318,  of 
which  Sio  belonged  to  the  National  Government,  348  to  the 
Provincial  Government  of  Buenos  Ayres,  and  1,104  were  in 
private  hands.  There  are  now  6,152  kilometers  in  the  Repub- 
lic, of  which  1,877  belong  to  the  Nation,  1,104  to  the  Provin- 
cial Governments  and  3,161  to  private  companies:  a  gain  of 
about  3,834  kilometers  in  a  little  over  five  years." 

Newr  York  Harbor  Improvements. — Lieutenant-Colonel 
Walter  McFarland,  U.  S.  Engineers,  has  submitted  to  the  War 
Department  his  annual  report  upon  the  work  of  improvement 
of  New  York  Harbor.  The  report  states  that  the  survey  of 
Gedney's  Channel,  finished  on  June  21,  showed  that  the 
channel  has  maintained  the  increased  depth  which  it  had  re- 
ceived, and  leads  to  the  belief  that  the  still  greater  depth  which 
the  act  of  Congress  calls  for  may  be  equally  maintained  when 
once  secured. 

All  the  work  of  improving  Gedney's  Channel  and  the  main 
ship  channel  is  now  in  the  hands  of  one  firm,  and  the  indica- 
tions are  that  the  work  of  deepening  Gedney's  Channel  will  be 
finished  this  year.  The  dredges  will  then  be  set  at  work  on 
the  main  ship  channel,  the  deepening  of  which  is  to  be  finished 
by  December  i,  18S8.  Under  the  present  agreements,  700,000 
cubic  yards  of  material  will  be  removed  from  Gedney's  Chan- 
nel and  1,500,000  from  the  ship  channel.  This  is  said  to  be 
not  much  more  than  one-half  the  amount  of  material  that  must 
be  removed  in  order  to  secure  a  depth  of  30  ft.  at  mean  low 
water,  with  a  width  of  1,000  ft.,  and  the  removal  of  the  re- 
mainder will  cost  $540,000.  Colonel  McFarland  makes  an 
earnest  protest  against  the  injury  now  being  inflicted  on  the 
harbor  by  dumping  into  it  the  dredgings  of  the  docks  and  slips 
and  ashes  and  cinders  from  steam  vessels,  and  instances  cases 
where  lumps  and  shoals  have  been  formed  in  this  way. 

The  sum  available  on  July  t  for  the  improvement  of  New 
York  Harbor  was  $742,293,  and  the  amount  that  can  be  pro- 
fitably expended  during  the  ne.xt  fiscal  year  is  $540,000,  unless 
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it  should  become  necessary   to  resort  to  contraction  works, 
which  would  cost  between  $4,000,000  and  $5,000,000. 

In  the  River  and  Harbor  bill  of  August,  18S6;  an  appropria- 
tion of  $1 12,500  was  made  for  continuinj;;  the  work  at  Hell 
Gate.  The  amount  was  too  small  to  admit  of  working  the 
drill-scow  on  the  small  reefs  and  continuing  work  on  Flood 
Rock  at  the  same  time,  and  it  was  determined  to  apply  it 
entirely  to  the  latter  purpose  by  increasing  the  wid  h  of  the 
new  middle  channel  by  dredging  a  cut  along  its  easterly  mar- 
gin to  the  full  depth  of  26  ft.  Work  was  begun  with  two  ma- 
chines in  November  and  continued  until  April  15,  after  which 
time  one  machine  only  was  used,  working  night  and  day. 

The  latter  method  of  working  has  not,  however,  given  as 
good  results  as  working  two  machines  by  daylight  only,  the 
progress  having  fallen  from  113  tons  per  machine  per  day  of 
12  hours  to  59  tons.  This  decline  in  the  rate  of  progress  is 
partly  to  be  attributed  to  the  accumulation  on  the  reef,  after  it 
has  been  worked  over  a  considerable  time,  of  fine  material 
which  is  too  small  to  remain  in  the  grapple  while  it  is  being 
hoisted  through  the  swift  current.  It  has  not  been  thought 
practicable,  however,  to  use  an  ordinary  dredging  bucket  to 
pick  up  this  material,  because  scattered  through  it  are  occa- 
sional large  masses  which  would  soon  destroy  the  bucket. 
The  total  amount  of  material  removed  during  the  fiscal  year 
was  34,956  tons,  leaving  about  230.000  tons  yet  to  be  removed. 

The  amount  that  can  be  profitably  expended  in  the  removal 
of  obstructions  in  the  East  River  and  Hell  Gate  during  the 
next  fiscal  year  is  $500,000,  to  be  applied  chiefly  to  the  removal 
of  Flood  Rock  and  to  continuing  operations  with  the  steam 
drill  scow  on  other  obstructions. 

Well-Water.— The  great  majority  of  the  people  in  this 
country  obtain  their  drinking  water  from  the  moving  sheet  of 
water  which  lies  at  a  greater  or  less  depth  beneath  the  surface 
of  the  earth,  and  for  this  purpose  they  use  wells. 

The  questions  as  to  how  far,  and  under  what  circumstances, 
well-water  may  be  dangerously  contaminated,  and  how  such 
contamination  may  be  best  recognized  when  present,  or  be 
foreseen  and  guarded  against,  are  therefore  of  constant  interest. 
Thft  Journal  oi  the  Chemical  Society  for  June  of  this  year, 
contains  a  paper  by  Robert  Warrington,  entitled  "  A  Contribu- 
tion to  the  Study  of  Wel'-Water,"  which  is  of  more  than  ordin- 
ary value  and  interest.  In  this  paper  are  given  the  results  of 
a  continuous  and  systematic  examination  of  the  well-waters  of 
Rothampsted,  England,  and  of  the  connection  between  the 
composition  of  rain,  drainage  and  deep. well  waters.  Taking 
a  series  of  observations  for  several  years  it  was  found  that  the 
rain  contained,  in  a  million  parts,  an  average  of  two  parts  of 
chlorine,  0.67  part  of  combined  nitrogen,  and  2.52  parts  of 
sulphuric  acid.  By  drainage  through  5  ft.  of  bare  soil  the 
quantity  of  chlorine  is  not  increased,  but  the  combined  nitro- 
gen is  increased  about  nine  times  by  oxidation  of  the  organic 
matter  in  the  soil.  The  production  of  nitrates  occurs  chiefly 
in  the  summer  months,  and  the  first  considerable  drainage 
which  occurs  after  summer  will  contain  the  greatest  proportion 
of  the  nitrates. 

Nitrates  being  assimilated  by  plants  are  generally  absent  in 
drainage  from  land  bearing  an  actively  growing  crop.  The 
proportion  of  chlorine  in  the  purest  wells  at  Harpenden  is 
about  It  per  million,  and  it  varies  very  little.  Wells  in  soil 
much  contaminated  by  sewage  may  show  the  commencement 
of  a  rise  in  the  chlorides  one  or  two  months  after  the  active 
autumn  drainage  begins,  and  two  months  before  the  water- 
level  in  the  well  begins  to  rise.  Wells  little  liable  to  contam- 
ination show  a  rise  in  chlorides  later  in  the  season.  When 
soil  has  been  long  contaminated,  by  sewage,  and  then  fresh 
contamination  ceases  for  a  number  of  years,  the  proportion  of 
chlorides  in  the  well-water  may  be  considerably  higher  than 
normal,  but  it  will  remain  nearly  unaltered  through  the  drain- 
age season. 

In  contaminated  well  waters  the  proportion  of  nitrates  and 
chlorides  increases  at  first  at  an  equal  rate,  but  if  active  drain- 
age continues  the  proportion  of  nitrates  greatlv  increases. 
The  sewage  of  a  poorly-fed  population  gives  a  high  proportion 
of  chlorides  to  nitrates,  while  stable  sewage  causes  the  reverse. 
The  chloride  contamination  is  more  permanent  than  that  by 
nitrates.  The  probable  average  proportion  of  nitrogen  as 
nitrates  in  drainage  water  from  cultivated  land  is  3.8  per 
million. 

The  examinations  of  waters  made  by  Mr.  Warrington  were 
almost  '  ntirely  chemical  ;  the  only  exception  was  a  series  of 
experiments  which  indicated  that  a  nitrifying  micro-organism 
is  contained  in  deep-well  waters,  but  in  ver>'  small  propor- 
tions.—  Sanitnrf  Engineer. 

Cotton  Cultivation  in  Russia.— -Minister  Lothrop  writes 
to  the  State  Department  as  follows  :  "  The  Imperial  Govern- 
ment is  making  very  strenuous  and  persistent  efforts   to   pro- 


I  mote  the  cultivation  of  cotton  within  its  own  dominions,  with 
the  hope  to  carry  the  home  production  to  the  point  of  exclud- 
ing all  foreign-grown  cotton. 

"An  article  in  a  laie  number  of  the  Journal  of  St.  Peters- 
burg, compiled  from  the  Moscow  Gazette,  may  be  found  inter- 
j    esting  in  this  connection. 

j  "  It  has  recalled  to  me  a  conversation  I  had  this  spring  with 
:  Lieutenant-General  Annenkoff,  the  able  and  enterprising  sol- 
j  dier  who  has  charge  of  the  construction  of  the  Trans-Caspian 
I  Railroad.  He  assured  me  that  he  should  open  the  line  to  Sa- 
j  marcand  on  November  15  next,  and  gave  me  an  invitation  to 
attend  the  formal  opening  on  that  day.  He  said  that,  within 
I  one  year,  he  should  be  able  to  deliver  Central  Asia  cotton  in 
Moscow  at  one-half  of  the  present  price  of  cotton  there. 

"You  will  notice  that  an  increase  of  the  duly  on   cotton   is 
suggested,  and  as  that  falls  in  with  the  ruling  policy,  it  is  very 
,    probable  that  it  will  be  done. 

"  The  Journal  supposes  that  in  Central  Asia,  and  also  in  the 
Trans- Caucasus,  the  conditions  for  cotton  culture  are  essen- 
tially the  same  as  in  the  United  States.  But  this  is  probably 
not  quite  accurate. 

"As  I  am  informed,  in  most  places  irrigation  will  be 
necessary.  And  it  will  be  long  before  the  native  cultiva- 
tors can  be  inspired  with  American  skill  and  enterprise.  At 
present,  the  native  cotton  is  said  to  be  inferior  in  the 
•  strength  and  length  of  its  fiber.  This  may  be  overcome 
1  by  the  introduction  of  new  varieties.  The  Government 
has  already  brought  seed  and  experts  in  planting  from 
America.  It  has  recently  been  stated  that  there  was  al- 
ready a  considerable  cotton  plantation  near  Merv,  owned  and 
operated  by  Americans  ;  but  this  was  afterward  denied,  and 
it  was  added  that  a  concession  of  land  for  that  purpose  had 
been  refused  to  a  company  of  Americans.  I  do  not  know 
what  the  fact  is." 

The  article  from  the  Journal  of  St.  Petersburg,  above  re- 
ferred to,  says:  "To  free  our  manufacturers  from  their  de- 
pendence upon  the  producers  of  the  other  side  of  the  water, 
and  to  avoid  the  obligation  of  paying  dear  for  a  product  which 
could  be  cultivated  in  Russia,  it  is  only  necessary  to  encour- 
age its  cultivation.  That  would  not.  says  our  cotemporary, 
be  so  difficult  as  one  would  think,  for  all  the  essential  condi- 
tions for  cotton  cultivation  are  united  in  the  south  of  Russia. 
The  Trans-Caucasian  country,  as  well  as  our  possessions  in 
Central  Asia,  differ  in  no  way  as  to  climate  from  the  United 
States. 

"  The  proof  of  this  is  that  the  best  kinds  of  American  cotton 
are  cultivated  there  with  success,  and  considerable  progress 
has  already  been  made,  in  spite  of  the  little  care  given  by  us 
to  cotton.  Thus,  onh  six  years  ago.  but  21  poods  of  Ameri- 
can cotton  were  exported  from  Taschkend,  whereas  last  year 
over  25,000  were  gathered. 

"  In  the  province  of  Erivan,  where  a  few  years  since  this 
cultivation  was  in  its  infancy,  it  is  now  assuming  the  appear- 
ance of  a  real  industry.  These  examples  prove  sufficiently 
that  cotton  could  be  cultivated  with  us  on  a  great  scale.  Only 
a  little  more  energy  is  required  and  the  capital  necessary  for 
so  vast  an  enterprise.  Without  help  from  the  State  no  result 
could  be  reached,  because,  independently  of  the  necessary 
works  for  irrigation  of  the  plantations,  the  installation  of  which 
would  be  very  cosily,  it  is  indispensable  that  a  credit  should 
be  opened  to  the  planters  sufficiently  large  for  their  first  wants, 
and  notably  for  the  purchase  of  seed  of  good  quality. 

"  The  objections  to  this  project,  which  would  have  for  basis 
the  impossibility  of  weighing  down  the  budget  with  a  new  ex- 
pense, are  groundless.  Without  creating  new  articles  of  ex- 
penditure, the  cotton  industry  iiself  might  be  made  to  pay  for 
the  creation  and  improvement  of  this  branch  of  agriculture." 

The  imports  of  cotton  into  Russia  over  the  European  fron- 
tier in  1886  were  7,247,651  poods,  or  about  53,100  bales  of  500 
lbs.  each. 

Tramways  in  France. — At  the  beginning  of  the  present 
year  there  were  436'^'  miles  of  tramway  or  street  railroad  in 
operation  in  France,  an  increase  of  5'i  miles  over  the  preced- 
ing year.  The  total  amount  of  capital  invested  in  the  various 
lines  is  about  $27,000,000,  or  a  little  over  $60,000  a  mile.  Of 
this  sum,  about  45  per  cent,  was  represented  by  permanent  way 
and  55  per  cent,  bv  equipment  and  working  stock.  The  traf- 
fic receipts  in  18S6  were,  in  round  figures,  $7,075,000  ;  the 
working  expenses,  $5  820.000,  and  the  net  earnings  Si. 255, 000. 
The  net  earnings  were  thus  about  J. 65  per  cent,  on  capital  in- 
vested. The  returns  varied  greatly  in  different  cities,  how- 
ever, the  lines  in  Bordeaux  having  paid  30  per  cent.:  in  Havre 
13,  and  in  Lyons  0  per  cent.,  while  in  several  of  the  smaller 
cities  the  working  expenses  exceeded  the  traffic  receipts.  The 
five  companies  owning  the  Paris  lines  returned  net  earnings 
ing  to  an  average  of  3.54  percent,  on  capital. 
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The  Spanish  cruiser  Reina  Regente,  an  engraving  of 
which  will  be  found  on  another  page,  has  developed  ex- 
traordinary speed,  having  run  at  the  rate  of  over  20  knots 
an  hour  on  the  measured  course  in  fairly  smooth  water. 
This  is,  of  course,  a  greater  speed  than  could  be  main- 
tained for  long  distances  or  at  sea,  but  it  shows  sufficient- 
ly that  the  ship  is  capable  of  making  very  fast  time  under 
any  ordinary  circumstances. 

Two  or  three  of  the  new  cruisers  now  under  contract 
for  our  own  Navy  are  required  by  the  specifications  to 
make  19  knots  an  hour.  If  they  can  do  this,  and  there  is 
no  doubt  that  the  contract  can  be  carried  out,  they  will 
rank  with  the  Reina  Regente  and  a  few  others  as  the  fast- 
est warships  afloat.  The  advantages  of  speed  in  a  cruiser 
are  too  many  and  are  too  evident  to  need  recapitulation 
here,  and  the  possession  of  even  a  few  such  vessels  would 
be  of  very  great  advantage  in  case  of  war. 

Very  few  people  realize  how  few  vessels  there  are  which 
can  make  the  time  indicated  by  these  figures.  It  does 
not  seem  an  extraordinary  sta'ement  to  say  that  a  steamer 


can  make  19  knots  an  hour;  but  19  knots  is  very  nearly 
23  statute  miles,  or  ordinary  railroad  speed.  Very  few 
even  of  the  fastest  trans-Atlantic  steamers  can  do  belter 
than  this,  orevcn  as  well ;  and  we  cannot  recall  more  than 
thrccorfour  existing  warships  which  can  come  up  to  it. 

I.IKE  the  nc.v  Spanish  cruiser,  the  Spanish  torpedo- 
boats  illustrated  and  described  elsewhere  have  shown  ex- 
traordinary speed  and  are  almost,  if  not  quite,  the  fastest 
vessels  afloat.  There  is,  however,  a  material  difference 
between  them  and  the  cruiser.  The  torpedo-boat  is  a 
machine  in  which  almost  everything  else  is  sacrificed  to 
obtain  great  speed.  It  is  not  designed  for  long  runs,  and 
is  not  expected  to  keep  up  its  extraordinary  pace  for  any 
great  distance,  and  accordingly  has  no  great  capacity  for 
fuel  or  stores  and  but  scanty  provision  for  comfort  of 
crew  or  officers.  In  a  word  the  torpedo-boat  is  simply  an 
enlargement  of  the  floating  or  submarine  torpedo,  and  is 
rather  a  marine  projectile  than  a  cruising  vessel.  That  it 
must  be  fast  is  a  necessity,  and  everything  else  is  subordi- 
nate to  this  consideration. 

In  his  annual  report  to  the  Secretary  of  the  Navy, 
Admiral  Porter  advocates  strongly  some  plan  which  may 
secure  the  building  of  merchant  vessels  of  a  class  which 
could  be  readily  converted  into  naval  cruisers  in  case  of 
need.  The  Admiral  takes  very  much  the  same  ground 
on  this  point  as  was  assumed  in  a  recent  article  in  this 
column,  and  enforces  his  conclusions  by  a  reference  to 
foreign  experience. 

An  important  change  in  the  method  of  charging  for 
the  use  of  freight  cars  on  foreign  lines  has  been  adopted 
by  the  Pennsylvania  and  several  other  leading  companies, 
and  seems  to  be  in  a  fair  way  to  come  into  general  use. 
Heretofore  the  settlements  between  the  companies  have 
been  made  entirely  on  the  basis  of  the  mileage  traveled 
by  a  car,  the  usual  rate  for  some  years  past  having  been 
three-quarters  of  a  cent  per  mile.  This  plan  has  the  de- 
fects that  under  it  a  car  earns  nothing  unless  it  is  in 
motion,  and  also  that  a  company  has  no  inducement 
to  hasten  the  return  of  a  car  belonging  to  another  line, 
but  can  hold  it  in  a  yard  or  at  a  way  station  as  long  as  it 

!    pleases  without  incurring  extra  charges. 

Under  the  new  system  a  mixed  charge  of  one-half  cent 
a  mile  and   15  cents  a  day  is  substituted  for  the  simple 

!  charge  of  three-quarters  of  a  cent  per  mile.  By  this  ar- 
rangement  a  car  which  is  side-tracked  will  at  least  be 

;  earning  the  15  cents  a  day  for  its  owner,  and  this  time 
charge,  which  will  rise  in  the  aggregate  to  a  considerable 
amount  for  companies  handling  many  foreign  cars,  will  be 
a  substantial  inducement  to  hasten  the  loading  and  un- 
loading of  cars  and  their  return  to  their  owners. 

A  subordinate  feature  of  the  change  is  that  the  per  diem 
rate  will  be  charged  on  cars  sent  to  shop  for  repairs  and 
on  cars  destroyed  until  date  of  notice  to  owners,  thus 
enforcing  the  necessity  of  prompt  notification  in  the  case 
of  cars  damaged  or  destroyed,  a  matter  now  too  often 
neglected. 

The  new  system  has  been  urged  on  the  railroads  by  the 
Car  Accountants'  Association,  a  body  which  has  been  very 
active  in  its  department,  and  has  done  much  creditable 
work.  It  is  to  be  hoped  that  it  will  result  in  fulfilling  the 
expectations  entertained  of  it,  and  will  put  a  stop  to  the 
many  delays  now  encountered  in  moving  freight  cars. 
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The  latest  addition  to  Panama  Canal  literature  is  a  re- 
port from  Sefior  N.  T.  Armero,  the  Agent  of  the  Colom- 
bian Government  in  its  dealings  with  the  Canal  Company. 
Soflor  Armero  is  inclined  to  hope  that  the  skill  of  the 
managers  of  the  company,  backed  by  French  national 
pride,  will  secure  the  completion  of  the  canal  hereafter. 
The  facts  which  he  presents  in  his  report,  however,  cor- 
roborate fully  the  discouraging  accounts  heretofore  pub- 
lished. He  says  that  only  about  one-fifth  of  the  esti- 
mated amount  of  excavation  of  the  canal  has  been  done, 
and  that  on  the  easier  portions  of  the  work,  and  points  out 
that  the  two  most  difficult  and  expensive  portions  of  the 
work— the  excavation  of  the  Culebra  section  and  the 
diversion  of  theChagres  River — have  barely  been  touched 
yet.  He  believes  further  that  the  amount  of  money  still 
needed  is  nearly  four  times  that  already  spent,  and  his 
estimate  brings  the  cost  of  the  canal  almost  up  to  $800,- 
000,000.  He  asserts  also,  as  the  result  of  his  observations, 
that  the  number  of  men  employed  by  the  company  has 
never  been  as  great  as  claimed,  and  that  now  many 
sections  of  the  work  are  almost  deserted. 

M.de  Lesseps  has  recently  announced  that  the  canal 
is  to  be  opened  by  February,  1890,  but  says  that  it  will  not 
then  be  entirely  completed,  although  sufficiently  far  ad- 
vanced to  permit  the  passage  of  vessels.  This  announce- 
ment is  probably  meant  to  encourage  French  investors  in 
the  securities  of  the  Canal  Company  ;  it  does  not  seem  to 
be  seriously  received  anywhere  by  those  who  have  any 
knowledge  of  the  real  condition  of  things  on  the  Isthmus. 

An  increase  in  the  speed  of  trans-continental  trains  has 
been  made  on  the  Union  and  Northern  Pacific  routes,  the 
gain  on  the  Union  Pacific  being  15, '4  hours,  of  which  10 
hours  is  made  between  Omaha  and  Ogden,  on  the  Union 
Pacific's  own  line,  and  s'i  hours  between  Ogden  and  San 
Francisco,  on  the  Central  Pacific  road.  The  gain  on  the 
Northern  Pacific  by  the  new  fast  train  is  18 3/  hours  be- 
tween St.  Paul  and  Portland.  The  Southern  Pacific  and 
the  Atlantic  &  Pacific  lines  make  no  change. 

The  Pacific  railroad  lines  have  never  made  any  special 
attempt  to  secure  fast  time  on  their  regular  trains.  By 
the  schedule  lately  in  force  the  Northern  Pacific  express 
trains  took  about  91  hours  to  run  the  1,913  miles  from  St. 
Paul  to  Portland,  giving  an  average  of  about  21  miles  an 
hour,  without  allowing  for  stops.  By  the  Union  Pacific 
route  trains  took  86 >^  hours  to  run  i,S66  miles,  giving  an 
average  speed  of  21  !4  miles,  also  without  allowing  for 
stops. 

The  new  schedules,  making  the  time  71  hours  on  either 
line,  will  give  average  runs  of  27  miles  an  hour  by  the 
Northern  and  26,'.(  miles  by  the  Union-Central  Pacific 
route.  Even  after  making  the  necessary  allowance  for 
stops,  this  will  not  require  any  very  fast  running. 

Heating  cars  by  steam  from  the  locomotive  is  to  be 
tried  to  a  considerable  extent  this  winter,  and  there  is  no 
doubt  that  before  spring  we  shall  have  a  very  fair  idea  of 
its  merits  and  defects  in  actual  practice.  The  New  York 
Central  &  Hudson  River  Company  will  soon  have  a  num- 
ber of  its  local  trains  equipped  and  will  probably  extend 
the  application  of  the  system.  The  Pennsylvania  Rail- 
road, it  is  understood,  is  preparing  to  do  a  good  deal  of 
work  in  the  same  direction,  and  other  companies  are 
following.  Several  of  the  systems  of  continuous  heating 
have  met  with  favor  and  will  be   put   into  service  quite 


extensively,  and  there  will  probably  be  an  active  discus- 
sion of  their  respective  merits,  even  after  a  term  of  ser- 
vice has  tried  them. 

The  adoption  of  steam  heating,  indeed,  seems  likely  to 
be  so  general  that  several  important  companies  have 
thought  it  well  to  consult  as  to  the  question  of  adopt- 
ing uniform  couplings  for  the  steam-pipes  in  the 
cars.  This  is  a  question  of  considerable  import- 
ance and  well  deserves  attention  now,  when  it  will 
be  comparatively  easy  to  secure  uniformity,  and  so 
avoid  the  many  troubles  and  annoyances  which 
will  be  sure  to  arise  later.     There  are  several  systems  of 

I  continuous  heating  which  seem  to  possess  merit,  and  it  is 
not  likely  that  any  one  of  them  will  secure  general  adop- 

,  tion  to  the  exclusion  of  all  the  others,  but  there  should  be 
no  great  difficulties  in  the  way  of  adopting  at  least  a  uni- 
form coupling  now.  At  any  rate  the  obstacles  to  such 
action  are  necessarily  less  formidable  at  present,  than  they 
would  be  by-and-by,  when  a  large  number  of  cars  may  be 
equipped  with  different  patterns,  requiring  a  considerable 
expenditure  to  make  changes. 

The  much  vexed  question  of  the  increase  of  terminal 
facilities  of  the  Brooklyn  Bridge  is  to  be  referred  to  a 
new  commission  of  experts,  who  are  to  consider  the  plans 
already  submitted  to  the  Bridge  Trustees.  The  need  of 
greater  facilities  for  the  reception  and  discharge  of  pass- 
engers on  the  Bridge  railroad  is  a  pressing  one,  and  some 
measures  of  relief  should  be  adopted  as  soon  as  possible. 

The  question  is  not  an  easy  one  to  solve,  combining 
the  conditions  of  a  necessarily  limited  space,  an  enormous 
traffic  compressed  within  a  few  hours  of  the  day  and  the 
consequent  need  of  an  almost  continuous  movement  of 
trains  with  the  least  possible  waste  of  time  in  loading, 
unloading  and  shifting,  and  finally  the  necessity  of  avoid- 
ing all  possibility  of  accident.  There  is  no  precedent  by 
which  to  go,  for  even  the  New  York  elevated  railroads 
have  more  room  to  turn  their  trains,  do  not  require  to 
turn  them  so  frequently  and  have  at  least  the  advantage 
of  independent  motors,  whose  number  can  be  increased, 
while  the  Bridge  traffic  is  subject  to  the  limitations  of  the 
cable  system. 

There  has  been  some  difficulty  in  getting  experts  who 
are  qualified  to  serve  on  the  commission,  chiefly  because 
their  number  is  limited  and  their  time  very  fully  occu- 
pied. The  commission  as  finally  made  made  up,  how- 
ever, is  a  very  capable  and  satisfactory  one  ;  it  consists  of 
Colonel  Julius  W.  Adams,  of  Brooklyn;  Mr.  Joseph 
Crawford,  Superintendent  of  the  New  York  Division  of 
the  Pennsylvania  Railroad,  and  Mr.  Walter  Katte,  Chief 
Engineer  of  the  New  York  Central  &  Hudson  River  Rail- 
road. 

A  BRIDGE  over  the  Hudson  River  at  New  York  is  an 
idea  which  has  doubtless  occurred  to  many,  only  to  be 
dismissed  as  impracticable.  Such  a  structure  is  now  seri- 
ously proposed,  however,  the  leading  projectors  being  T. 
A.  Potts,  of  the  New  York,  Susquehanna  &  Western  Kail- 
road,  and  Bird  W.  Spencer.  Their  plan  is  for  a  structure 
on  the  cantilever  system,  with  a  central  span  of  725  ft.,  to 
be  high  enough  above  the  water  to  permit  the  passage  of 
the  largest  vessels.  The  proposed  place  is  from  Stevens' 
Point,  just  above  Hoboken,  to  a  point  in  the  city  near 
Forty-second  Street. 

The  project  at  present  is  in  its  earliest  stages  and  can 
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hardly  be  said  to  have  even  taken  definite  form.  It  must 
pass  through  a  long  stage  of  discussion  before  it  reaches  a 
point  where  it  is  to  be  regarded  even  as  a  probability,  and 
it  does  not  appear  likely  that  the  actual  construction  of  a 
bridge  will  be  began  for  a  long  time  yet.  Certainly  such  a 
structure  would  be  desirable,  but  there  are  so  many  diffi- 
culties in  the  way  that  it  is  not  easy  now  to  see  how  "they 
can  be  overcome. 

The  election  of  Professor  Samuel  P.  Langley  to  the 
important  post  of  Secretary  of  the  Smithsonian  Institute 
was  generally  e.\pected.  Professor  Langley  has  been  for 
some  time  Assistant  Secretary  and  has  discharged  the 
duties  of  the  office  since  the  late  Professor  Baird  was 
compelled  by  his  failing  health  to  give  up  the  work. 

The  new  Secretary  is  in  the  prime  of  life  and  has  a 
high  reputation  as  a  scientist,  based  upon  valuable  re- 
searches, chiefly  in  the  department  of  solar  physics.  He 
has  also  shown  much  ability  as  an  organizer  and  director 
while  in  charge  of  the  Allegheny  Observatory  and  else- 
where. His  ability  has  been  generally  recognized  both  in 
this  country  and  abroad. 

SPECIFICATIONS     FOR     CAST-IRON     CAR 
WHEELS. 

DURING  the  session  of  the  last  convention  of  the 
Master  Car-Builders'  Association,  a  meeting  of 
car-wheel  manufacturers  was  held  at  the  same  time  and 
place.  One  of  the  objects  of  this  meeting,  it  was  said, 
was  "  to  consider  how  to  give  railroad  companies  the  best 
wheels  for  the  least  money."  The  wheel-makers  ap- 
peared before  the  Master  Car-Builders'  Association  with 
Mr.  Whitney,  of  Philadelphia,  as  their  spokesman,  who 
asked  that  a  committee  be  appointed  by  the  Master  Car- 
Builders  to  confer  with  the  wheel-makers,  and  said  that 
the  Master  Mechanics',  and  perhaps  some  other  railroad 
associations,  would  be  requested  to  do  the  same  thing, 
and  that  these  committees,  with  the  wheel-makers,  would 
form  a  joint  committee  to  consider  the  whole  question  of 
the  use  of  wheels,  the  guaranteeing  of  the  mileage,  and  the 
defects  of  wheels  which  result  from  usage,  and  defects 
that  are  due  to  the  manufacture. 

The  Master  Car-Builders'  Association  appointed  such 
a  committee,  and  no  doubt  some  action — such  as  is  out- 
lined above — will  betaken  before  the  next  convention. 

There  can  be  no  doubt  of  the  fact  that  good  cast-iron 
wheels  are  very  safe  and  reliable,  and  will  very  seldom 
fail  by  breaking.  On  the  other  hand,  it  is  equally  certain 
that  large  numbers  of  the  wheels  which  are  made  and  put 
into  service  do  break  and  cause  accidents  more  or  less 
serious.  It  is,  therefore,  of  the  utmost  importance  that 
wheels  should  be  subjected  to  inspection  and  tests,  which 
will  determine  whether  they  are  good  or  bad,  and  that 
when  wheels  are  bought,  the  tests  to  which  they  will  be 
subjected  and  must  conform  should  be  specified.  No 
doubt  the  very  excellent  committee  which  has  been  ap- 
pointed will  be  able,  in  consultation  with  the  wheel  manu- 
facturers, to  prepare  specifications  which  will  insure  that 
wheels  made  in  conformity  therewith  will  be  reliable. 
Probably,  too,  if  those  who  will  consider  this  subject  will 
formulate  their  knowledge  of  wheel  manufacture,  and 
their  experience  in  their  use,  into  the  shape  of  complete 
sp'  cifications.  it  would  result  in  railroad  companies  get- 
•j  1  ;  letter  wheels  than  ever  before.  The  Joint  Committee, 
^therefore,  has  a  very  important  duty  to  perform,  and  if   ; 


they  do  what  from  their  knowledge  and  experience  of  the 
subject  may  not  unreasonably  be  expected  of  them,  their 
action  ought  to  be  instrumental  in  preventing  many  ac- 
cidents and  do  a  great  deal  to  make  travel  and  tralfic  on 
railroads  safer  and  surer. 

But  it  will  be  six  months  before  the  next  annual  con- 
vention of  the  Master  Car-Builders'  Association  meets, 
and  before  any  action  can  be  taken  on  the  Committee's 
report.  In  the  meanwhile  railroad  companies  must  use 
and  order  wheels.  It  is  essential  that  many  of  them 
should  do  something  at  once  to  improve  the  quality  of 
the  wheels  they  are  buying.  If  they  can  do  nothing  bet- 
ter, such  companies  would  do  well  to  adopt  the  specifica- 
tions of  the  Pennsylvania  Railroad,  which  are  printed  on 
another  page,  until  the  Joint  Committee  referred  to 
makes  its  report  and  the  Master  Car-Builders'  Associa- 
tion takes  action  on  it. 

But  it  does  not  matter  what  specifications  are  adopted, 
the  mere  adoption  of  them  will  do  little  good,  if  those  who 
buy  the  wheels  do  not  take  steps  to  secure  conformity  to 
the  requirements  of  the  specifications.  This  means  that 
some  system  of  testmg  and  inspection  must  be  adopted  to 
determine  whether  wheels  furnished  are  up  to  the  re- 
quirements. To  use  a  Hibernian  expression,  "to  say  this 
is  easy  but  to  do  it .'  "  There  are  always  influences  in 
and  about  a  railroad  company  which  somehow  or  other 
seem  naturally  to  array  themselves  against  any  faithful 
and  honest  system  of  testing.  If  an  officer  of  a  railroad 
company,  who  is  the  inspector  or  the  inspector's  boss, 
owns  stock  in  the  foundry  which  furnishes  the  wheels, 
his  judgment  and  impartiality  are  apt  to  be  perverted.  If 
the  inspector  is  amenable  to  the  influence  of  gifts  and 
bribes,  in  time  he  will  become  judicially  and  morally 
color-blind,  so  to  speak.  Unfortunately,  too,  there  are 
no  kinds  of  yarns  or  worsteds  or  cards — unless  it  be  the 
kind  used  m  playing  whist — by  which  this  defect  in  moral 
vision  can  be  tested.  If  a  director  owns  an  interest  in  a 
furnace  which  makes  wheel-iron,  his  influence  may  be 
directly  exerted  to  have  wheels  made  of  that  iron  ac- 
cepted. The  purchasing  agent  may  belong  to  that  class 
whose  only  training  has  been  in  "the  school  of  swop," 
and  whose  chief  aim  it  is  to  show  to  the  Board  of  Direc- 
tors how  little  he  pays  for  what  he  buys,  and  who,  there- 
fore, gives  little  or  no  attention  to  any  other  question 
excepting  low-pricedness,  to  coin  a  word  for  the  occasion. 
The  master  car-builder  may  be  one  of  the  kind  of  people 
"  who  know-it-all,"  and  who  prides  himself  of  being  prac- 
tical and  assumes  for  himself  a  kind  of  prescience,  which 
may  dispense  with  the  adventitious  aid  of  science  or  ex- 
periment and  will  have  none  of  the  nonsense  of  "them 
literary  fellows."  The  wheel-maker,  when  wheels  will 
not  stand  the  prescribed  test,  may  have  friends  within  or 
without  the  circle  of  the  railroad's  officers,  and  may  have 
impressed  some  of  them  that  this  testing  business  is  all 
nonsense,  and  they  bring  the  weight  of  their  influence  to. 
bear  against  it.  A  lot  of  wheels  is  needed  in  a  hurry, 
there  is  not  time  to  test  them,  so  they  are  put  into  service 
without.  The  testing  department  costs  several  thousand 
dollars  a  year,  and  the  engineer  in  charge  is  paid  more 
than  some  director  or  committeeman  thinks  he  is  worth; 
so  his  salary  is  reduced,  and  an  ignorant  person  is  put  in 
his  place — the  department  is  badly  managed  and  finally 
the  whole  system  is  swept  away  to  "economize."  In  this 
and  other  ways  the  inspecting  department  falls  into  dis- 
repute. 
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A  structure  of  any  kind,  if  left  to  itself,  immediately 
begins  to  deteriorate  ;  moth  and  rust  are  as  active  to-day 
as  they  were  in  biblical  times,  and  decay  begins  when 
supervision  ends.  This  is  especially  true  of  a  system  of 
inspection.  The  elements  by  which  it  is  surrounded  seem 
to  have  a  destructive  affinity  for  the  material  of  which  it 
is  composed,  and,  if  not  constantly  guarded  and  protected 
with  intelligent  care,  decomposition  will  be  the  result. 

The  Master  Car- Builders'  Association  will  no  doubt 
adopt  specifications  for  car-wheels,  but  this,  without  in- 
spection, will  not  be  sufficient. 

NEW  PUBLICATIONS. 

Annual  Report  of  the  Chief  of  the  Bureau  of 
Steam  Engineering,  Navy  Department,  for  1887. 
Washington  ;  Government  Printing  Office. 

The  annual  report  of  the  Chief  Engineer  of  the  Navy 
contains  much  interesting  matter,  and  shows  that  the  pres- 
sent  head  of  the  Bureau  of  Steam  Engineering  appreciates 
the  extent  of  the  work  to  be  done  in  this  department.  In 
times  past  much  good  work  has  been  done  by  this  Bureau 
in  an  experimental  way,  and  Mr.  Melville  now  urges  a 
continuance  of  this  work  in  the  direction  of  the  use  of 
forced  draft  and  high  steam  pressures,  with  triple  and 
quadruple-expansion  engines.  Something  has  already 
been  done  in  this  line,  and  more  is  expected  as  the  new 
ships  and  engines  now  under  construction  come  into  use. 

As  a  necessary  corollary  to  the  advances  in  marine  en- 
gineering already  made  and  in  progress,  the  report  urges 
the  advantages  of  still  further  specializing  the  engineer 
corps  of  the  Navy  and  making  its  officers  and  working 
force  still  more  distinct  from  the  line.  This  brings  up  a 
wide  question,  which,  it  may  be  said,  is  now  agitating 
almost  every  navy  in  the  world.  The  modern  warship  is 
so  complex  a  machine  and  so  much  dependent  upon  its  en- 
gineer force,  that  it  is  no  longer  possible  to  keep  that  force 
in  the  very  subordinate  and  inferior  position  which  it 
occupied  when  steam  vessels  first  came  into  use.  In 
every  country,  however,  the  naval  officers  proper — the 
fighting  men — have  been  reluctant  to  admit  this,  and  have, 
as  a  rule,  resisted  all  attempts  to  place  their  engineer 
coadjutors  on  an  equality  with  themselves.  It  is  only  for 
the  reason  that  the  fighting  ship  nowadays  is  helpless 
without  its  engineers  that  they  have  been  able  to  force 
even  a  partial  recognition  of  their  claims. 

The  report  makes  the  excellent  recommendation  that 
engineers  be  attached  to  the  staff  of  each  flagship  for  in- 
spection duty.  It  also  urges  the  expediency  of  special 
details  of  engineers  to  study  foreign  practice  and  watch 
the  improvements  and  experiments  in  marine  engineering 
in  progress  in  Europe. 
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delivered  before  the  International  Congress  of  Educators, 
at  the  New  Orleans  Exposition,  by  Professor  Hogg,  who 
is  Superintendent  of  Public  Schools  at  Fort  Worth, 
Texas. 
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The  Westinghouse  Brake  Trials. 

The  Westinghouse  Brake  Company  has  been  for  some 
time  making  a  series  of  tests  with  a  train  of  50  freight 
cars  equipped  with  its  brake.  One  of  these  tests  was 
made  on  the  West  Shore  road  at  Ridgefield  Park,  N.  J., 
November  21,  with  the  following  results,  the  train  con- 
sisting of  50  cars : 

Miles  per    Distance,    Time, 
hour.  leet.         seconds. 

Emergency  stop  22  203  12J4 

:;      :; 4.       574 

41       672'/^     20 

Hand-brake  stop 21  2,137  8s 

A  "  breakaway  "  test  was  then  made, and  the  two  sections 
of  the  train  were  stopped  when  43  ft.  apart. 

The  following  test  was  made  with  a  train  of  20  empty 
cars,  fitted  with  the  freight  brake,  but  with  increased 
leverage  for  passenger  service:  Emergency  stop  at  22  miles 
an  hour  ;  made  in  91  ft.  and  6  seconds. 

Another  test  was  made  with  the  same  train  and  a  train 
of  West  Shore  passenger  cars,  running  on  parallel  tracks, 
the  brake  being  applied  to  both  trains  when  the  engines 
were  abreast  and  running  at  the  same  speed  : 

Speed,  Distance,  Time, 

miles.         feet.  seconds. 

Freight 45  495  13}^ 

Passenger 45  1,204  27 

The  tests  have  excited  much  interest,  and  the  one  in 
question   was  witnessed   by  a  large   number  of  railroad 


The  Pennsylvania  Railroad  Company's  Specifications  for 
Cast-Iron  Car-Wheels  and  Car-Wheel  Iron. 


The  chill  cup  (one  of  which  we  furnish)  is  to  be  filled 
iT/i-w/wZ/at  about  the  middle  of  every  cast  from  the  fur- 
nace by  using  a  small  ladle,  or  by  placing  the  cup  in  the 
pig  bed,  a  little  below  the  level  of  the  pigs,  and  letting 
the  iron  flow  into  it  until  it  is  even  full.  The  test  piece  so 
made  will  be  ■}%  in.  long,  y/^  in.  wide,  and  i;^  in.  thick, 
and  is  to  be  broken  across  the  center  when  entirely  cold. 
The  depth  of  chill  will  be  shown  on  the  bottom  of  the  test 
piece,  and  is  to  be  measured  by  the  clean  'white  portion  to 
the  point  where  gray  specks  begin  to  show  in  the  white. 
The  grades  are  to  be  by  eighths  of  an  inch,  viz.:  \i,  %, 
H-  'A-  i'i'  f*>  %•  etc.,  until  the  iron  is  mottled  ;  the  lowest 
grade  being  %  in.  in  depth  of  chill.  The  pigs  of  each 
cast  are  to  be  marked  with  the  depth  of  chill  shown  by  its 
test  piece,  and  each  grade  is  to  be  kept  by  itself  at  the 
furnace  and  in  forwarding.  At  large  anthracite  and  coke 
furnaces  it  is  best  to  take  three  test  pieces  of  each  cast, 
viz.:  at  the  beginning,  middle  and  end,  and  if  there  is  a 
difference  of  %  in.  or  more  in  depth  of  chill  between  the 
first  and  last  of  the  cast,  the  pigs  should  be  divided  intO' 
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two   or  three  portions,  and  graded   by  llieir   respective 
chill  tests. 

SPECIFICAIIONS    FOR   33-IN.  CAST-IRON    CAR-WHEELS. 

Design.— The  design  of  wheels  must  be  such  that  they 
will  be  in  accordance  with  the  measurements  shown  in 
the  drawing  accompanying  these  specifications,  and  also 
such  that  the  wheels  made  from  them  shall  weigh  between 
525  and  575  pounds  each. 

Inspection.— Wheels  must  all  be  cast  in  true  metallic 
chills  of  the  same  internal  diameter  and  uniform  cross 
section.  The  treads  must  be  smooth  and  practically  free 
from  "  sweat."  and  must  have  clear  white  iron  e.\tending 
to  a  depth  of  not  less  than  ^4  in.  at  the  throat,  and  with  a 
variation  of  not  more  than  V  in.  throughout  the  same 
wheel.  Each  wheel  must  be  so  nearly  cylindrical  that 
when  a  true  metallic  ring  is  placed  upon  the  tread  and 
bears  somewhere  on  the  cone,  it  shall,  at  no  part  of  the 
circumference,  stand  more  than  j-W  in.  from  the  wheel- 
tread.  N'o  wheel  will  be  accepted  whose  circumference 
differs  more  than  i  "i  in.  or  less  than  i  in.  from  the  cir- 
cumference of  the  chill  in  which  it  is  made. 

The  body  of  the  wheel  must  be  composed  of  soft  gray 
iron  with  uniform  fracture  and  free  from  defects  ;  each 
wheel  must  be  capable  of  withstanding  a  pressure  of  45 
tons  in  mounting  an  axle. 

Test. — Representative  wheels  taken  at  random  by  this 
company's  inspector  will  be  subjected  to  a  strength  test. 
under  a  falling  weight,  in  a  machine  lilce  that  shown  on 
drawing  accompanying  these  specifications,  with  an  anvil 
block  weighing  1,700  lbs.  set  on  rubble  masonry  2  ft.  deep. 
Manufacturers  furnishing  wheels  to  this  company  will  be 
required  to  provide  one  of  these  machines,  and  furnish 
wheels  for  test,  as  well  as  such  facilities  to  the  company's 
inspector  as  will  enable  him  to  test  and  inspect  wheels 
promptly;  they  will  also  be  required  to  give  notice  to 
Superintendent  Motive  Power  when  wheels  are  ready  for 
inspection  and  test.  The  wheels  tested  will  be  placed 
flange  downward  and  rest  upon  the  three  supports  on  the 
anvil  block,  and  be  struck  central  upon  the  hub  with  a 
weight  of  140  lbs.  falling  12  ft. 

For  each  100  wheels  which  pass  inspection  at  foundry 
and  are  ready  for  shipment,  one  representative  wheel  shall 
be  selected  and  tested  as  above  described ;  should  this 
wheel  stand  five  blows  without  breaking  in  two  or  more 
pieces,  the  100  wheels  may  be  shipped  ;  but  should  this 
wheel  break  in  pieces  with  five  blows  or  less,  two  more 
wheels  representing  the  same  100  wheels  shall  be  taken 
and  tested,  and  if  any  two  of  the  three  wheels  tested  should 
break  in  pieces  with  less  than  three  blows,  or  if  the  aver- 
age number  of  blows  required  to  break  the  three  wheels 
is  less  than  four,  the  100  wheels  will  be  rejected  :  other- 
wise they  may  be  shipped,  but  the  shipment  in  any  case 
will  be  made  subject  to  the  return  of  such  as  are  found, 
upon  boring  and  mounting,  not  to  conform  otherwise  to 
these  specifications. 

Marks. — When  wheels  are  manufactured  under  these 
specifications,  each  wheel  must  bear  a  serial  number,  with 
name  of  maker  and  date  of  casting. 


Contributions. 


The  Heating  of  Railroad  Cars. 

To  the  Editor  of  the  Railroad  and  E7igi7ieering  Journal: 

Assuming  that  steam  from  the  engine  will  be  generally 
used,  the  matter  most  requiring  to  be  tested  for  the  solu- 
tion of  this  problem  is  how  to  supplement  steam  from  the 
engine  for  the  time  when  is  cannot  be  used,  before  the  cars 
are  connected  with  it,  and  when  it  is  disabled  away  from 
terminal  points.  Why  then  are  the  tests  now  being  made 
confined  to  the  former  use  (requiring  only  a  choice  be- 
tween several  methods  to  find  the  best),  while  for  the 
latter  use,  nothing  is  done,  although  without  providing  for 
it  the  question  cannot  be  settled.' 

As   further  proof   of  the    necessity  for   e.xtending  the 


'   tests  now  being  made,  as  above  suggested,  I  add  the  fol- 
lowing facts  : 

1.  Relating  to  Steam  from  Stationary  Boilers :  The 
advantage  of  fhis  method  is  that  it  answers  the  purpose 
before  steam  from  the  engine  is  available.  Its  disadvan- 
tage is  that  it  answers  ho  other,  and  in  answering  that, 
requires,  in  case  when  (as  at  the  New  York  terminus  of 
the  Pennsylvania  road)  several  trains  leave  at  the  same 
time,  or  nearly  so,  that  the  track  system  be  reorganized  ; 
and,  in  all  cases,  that  new  and  costly  investments  shall 
be  made  at  all  stations  when  trains  are  made  up  and  kept 
always  ready   for  use. 

2.  Coal  stoves  and  heaters,  the  means  relied  on  at  present 
for  supplementary  heating,  are  not  practical  for  that  use, 
as  they  require  the  fuel  to  be  removed  from  them  in  a 
glowing  state  and  after  short  use,  and  therefore  are  too 
wasteful,  troublesome  and  dangerous  for  use  at  depots. 
When  the  engine  breaks  down,  when  a  stove  or  heater 
is  kept  in  a  car  for  that  contingency  alone,  there  would 
be  much  delay  in  heating  it  up  in  time,  and  it  would 
be  filled  with  burning  coal  when  the  train  began  to  move. 

3.  Assuming  that  neither  of  the  methods  above  de- 
scribed for  heating  cars  before  steam  from  the  engine  is 
available  for  the  purpose  are  practical,  it  follows  that  so 
far  as  that  operation  is  concerned,  the  car-heating  problem 
is  narrowed  down  to  the  enquiry,  "  Can  gas  be  used  for  it  ?  " 
In  answer  to  which,  and  as  proof  that  I  appreciate  the 
conditions  required  to  make  the  use  of  gas  on  cars  prac- 
tical, I  here  state  them  : 

The  furnace  used  for  it  must  burn  the  gas  without  waste, 
and  (as  heat  alone  and  not  the  impact  of  flame  must  be 
used)  must  be  so  arranged  that  any  undiluted  heat  can 
enter  its  flues,  as  otherwise  the  cost  of  its  operation  would 
be  too  great.  It  must  not  require  inconvenient  alteration 
of  the  car.  It  must  be  supplied  by  gas-pipes  under  the 
cars  and  connected  between  them,  as  steam  pipes  now 
are,  so  that  when  the  gas  used  comes  direct  from  street 
mains,  all  the  furnaces  in  a  train  could  be  supplied  from 
one  connection  with  said  main,  turned  on  when  the  heat- 
ing commenced  and  off  when  the  engine  came. 

It  must  not  only  heat  the  car,  but  be  capable  of  heating 
it  quickly  when  required  for  emergencies,  or  in  extreme 
cold  weather.  And,  if  possible,  the  heater  should  be  so  con- 
structed that  it  can  be  changed  from  a  gas  to  a  coal  burner 
or  back  again  in  a  few  minutes  and  without  other  change 
than  loosening  a  few  screws,' to  provide  for  the  contin- 
gency of  the  engine  being  disabled  away  from  terminal 
points,  and  in  cases  when  trains.are  made  up  when  there 
is  no  gas.  That  is  the  case  when  gas  is  used  only  for 
heating— when  it  is  used  for  both  heat  and  light,  of 
course  the  gas  in  the  storage  tanks  could  be  used,  and  the 
change  to  coal  would  not  be  needed. 

Assuming  that  gas  can  be  used  as  above  stated,  and  the 
apparatus  for  its  use  so  arranged  that  it  can  be  taken 
directly  from  street  mains  while  the  cars  are  being  heated 
up,  and  then  shut  off.  so  that  only  one  heating  with  gas 
would  be  required  for  a  route,  however  extended  it  may 
be,  can  any  other  method  be  safer,  cheaper  or 'more  con- 
venient ?  As  neither  storage  tanks,  under  the  cars,  or 
special  gas  works  would  be  required,  except  at  great  cities 
and  by  trunk  lines,  when  the  use  of  gas,  if  used  for  both 
heat  and  light,  would  be  so  great,  that^economy  would 
demand  its  manufacture  by  private  works. 

Again,  the  use  of  mineral  oils  being  now  forbidden  on 
cars,  either  gas  or  electricity  must  be  used  for  lighting 
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them,  whatever  means  are  used  for  heating  them,  so  that 
the  use  of  gas  for  both  purposes  is  really  the  simplest 
method  known. 

I  think.that  what  I  have  written  gives  sufficient  reason 
to  show  the  necessity  of  testing  gas  as  well  as  steam 
without  further  delay. 

H.    O.    H.AWLKV. 


THE    ENCYCLOPEDIC    WORK     OF    THE     NAVY 
DEPARTMENT. 


By  Professor  R.  H.  Thurston. 

The  Bureau  of  Navigation  of  the  Navy  Department  has 
during  a  few  years  past  been  engaged  in  a  most  important 
and  interesting  work,  that  of  securing  information  of 
value  to  the  officers  of  the  Navy  and  to  the  Administra- 
tion through  the  many  sources  open  to  it,  and  publishing 
it  for  distribution  to  the  service  and  wherever  else  it  is 
proper  to  send  it.  This  work  is  done  through  a  sub- 
bureau  called  the  office  of  Naval  Intelligence,  the  direc- 
tion of  which  is  entrusted  to  an  able  officer  of  the  Navy 
and  supervised  by  the  Bureau  of  Navigation.  Much  of 
its  work  is  revised  by  the  Secretary  of  the  Navy  himself, 
and  all  publications  are  authorized  by  the  Department 
and  printed  under  its  orders  at  the  Government  Printing 
Office  in  the  excellent  style  for  which  that  office  is  noted. 
Out  of  a  long  list  of  these  publications  a  few  are  selected 
for  notice. 

The  work  of  the  Bureau  of  Navigation  in  this  direction 
began  many  years  ago,  and  those  who  have  been  so  fortu- 
nate as  to  obtain  the  treatises  issued  during  the  adminis- 
tration of  the  late  Admiral  Jenkins,  during  and  since  the 
civil  war,  on  the  magnetism  of  ships  and  kindred  subjects, 
have  been  as  long  aware  of  the  e.xcellence  of  the  work 
done.  Among  the  publications  made  under  the  direction 
of  the  Office  of  Naval  Intelligence,  having  peculiar  inter- 
est and  which  may  be  briefly  noticed,  are  the  report  on 
the  War  between  Chili  and  Peru  in  iSyg-'Si,  by  Lieuten- 
ant T.  B.  M.  Mason,  printed  in  18S5;  the  report  of  Lieu- 
tenant Commander  C.  P.  Goodrich,  1882,  on  the  Naval 
and  Military  Operations  of  the  British  Forces  in  Egypt, 
published  in  the  same  year;  and  the  reports  on  Recent 
Naval  Progress,  by  Lieutenant  S.  Schroeder,  Ensign  S.  D. 
Greene,  Assistant  Engineer  R.  S.  Griffin,  Lieutenant  W. 
H.  Driggs,  Lieutenant  W.  I.  Chambers,  Lieutenant  W.  H. 
Beehler,  Ensign  W.  L.  Rodgers  and  others. 

The  first  mentioned  report,  that  of  Lieutenant  Mason, 
is  an  exceedingly  interesting  account  of  the  origin  and 
conduct  of  the  war  which  broke  out  in  1S79  between  the 
two  principal  South  American  republics  on  the  west 
coast.  It  will  be  remembered  that  this  war  was  a  conse- 
quence of  a  quarrel  between  the  two  countries  over  the 
nitrate  of  soda  deposits  of  the  Atacama  Desert,  the 
Bolivian  "Ciovernment  having  broken  treaty  obligations 
and  imposed  a  tax  upon  the  nitrate  business  which  inter- 
fered seriously  with  the  prosperity  of  its  managers.  Peru 
interfering  in  the  quarrel,  and  arming  herself  for  a  con- 
flict. Chili  declared  war  April  2,  1879.  Three  days  later 
the  blockade  of  Iquiqui  was  declared,  and  within  two 
weeks  fighting  began  in  earnest. 

Lieutenant  Mason  gives  a  very  concise  but  satisfactory 
account  of  the  resources  and  condition  of  the  belligerents 


and  of  the  operations  of  the  war,  both  on  land  and  at 
sea. 

The  most  interesting  and  instructive  part  of  the  narrative 
is  probably  that  in  which  he  describes  the  naval  contest.s, 
and  especially  those  in  which  the  now  famous  iron-clad 
//uitsiitr  look  part.  This  ship  was  a  "  monitor  "  iron-clad, 
or  turret-ship,  built  in  1865,  for  the  Peruvian  Government, 
by  Laird  Brothers,  of  Birkenhead,  the  firm  which  gained 
an  unsavory  fame  during  our  civil  war  as  the  builders  of 
Anglo-Confederate  war  vessels,  and  as  nearly  involving 
their  own  country  in  war  with  the  United  States  by  their 
infringement  of  international  law.  The  description  of 
the  light,  on  October  8,  1879,  between  this  ship  and  the 
two  iron-clads,  Admiral  Coihraiic  and  Blanco  Eticalada,  of 
the  Chilian  navy,  is  one  of  the  most  interesting,  though 
horrifying,  stories  of  naval  warfare  ever  published,  and 
affords  a  tremendous  indictment  of  this  method  of  settling 
international  disputes.  The  result  of  the  action  was  the 
capture  of  the  Huasiar  by  the  Chilians,  after  the  almost 
complete  destruction  of  ship  and  crew.  For  about  an 
hour  and  a  half  the  Peruvian  ship  was  under  the  fire  of 
one,  and,  part  of  time,  two  iron-clads  of  greater  power  and 
much  better  armored  than  herself,  and  the  effect  of  their 
fire  was  simply  terrible,  breaking  up  all  of  the  vessel 
above  water,  destroying  all  her  boats,  and  disabling  tur- 
ret and  conning  tower.  The  cabins  and  turret  were 
crowded  with  the  fragments  of  human  bodies  ;  yet  the 
gallant  men  who  survived  fought  until  the  enemy  had 
actually  boarded  their  ship  and  held  their  pistols  at  their 
heads. 

The  capture  of  the  Huascar  practically  ended  the  con- 
test on  the  sea,  and  the  war  was  then  fought  to  a  close  on 
the  land.  Chili  had,  from  the  first,  every  advantage,  and 
gained  victory  after  victory  until  Peru  became  prostrate 
before  her  armies,  and  she  was  able  to  dictate  her  own 
terms. 

The  report  of  Lieutenant-Commander  Goodrich  on  the 
British  naval  operations  in  Egypt,  in  the  summer  of  1882. 
is  a  very  extended  account  of  that  remarkable  outcome 
of  the  modern  methods  of  warfare,  if  that  can  be  called 
warfare  which  consists  in  the  attack  of  such  a  very  power- 
ful nation  upon  such  a  very  weak  one.  The  report  also 
illustrates  well  the  extent  to  which  the  amenities  of 
modern  life  and  civilization  have  been  imported  even  into 
the  greatest  surviving  relic  of  barbarism,  the  fighting  of 
nation  with  nation.  The  information  contained  in  this 
report  could  only  have  been  gathered  v/ith  the  assistance 
of  the  British  officers  engaged  in  these  operations;  and 
Mr.  Goodrich  makes  graceful  acknowledgement  of  such 
aid. 

The  report  is  divided  into  three  parts:  An  account  of 
the  causes  of  the  outbreak  of  hostilities,  and  descriptions 
of  the  attacking  and  defending  forces  and  of  their 
naval  and  military  material,  mcluding  ships,  forti- 
fications and  guns;  an  account  of  the  various  naval  and 
military  operations  of  the  war;  and  the  study  of  the  non- 
combatant  divisions  of  the  service.  A  very  interesting 
and  exact  account  is  given  of  the  defenses  of  Alexandria, 
of  the  armored  and  other  vessels  employed  by  the  British 
Government  in  the  attack,  and  of  the  effects  of  the  fire 
upon  the  ships  and  fortifications.  The  operations  of  the 
fleet  after  the  bombardment  of  the  Alexandrian  forts  and 
other  operations  preceding  the  change  of  base  at  Ramleh, 
the  composition  of  the  expeditionary  force,  and  the  steps 
taken  resulting  in  the  seizure  of  the  Suez  Canal,  and  the 
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remainder  of  the  short  but  decisive  campaign  are  fully 
detailed. 

Perhaps  as  interesting  a  portion  of  the  report  as  any.  to 
civilian  and  scientific  readers,  is  the  account  of  the 
methods  of  operation  of  the  railroads,  the  telegraph  sys- 
tem, the  post-ofHce.  the  medical  department  and  the  sys- 
tems of  transport.  A  comparison  of  the  Indian  troops 
with  the  British  in  their  methods  of  operation,  their 
habits  of  life,  and  their  value  as  soldiers  and  in  the  army 
organization  is  not  the  least  interesting  portion  of  this 
very  interesting  work. 

It  has  been  asserted  by  many  who  should  have  been 
trustworthy  and  accurate  witnesses  that  the  war  upon  the 
de  facto  Government  of  Egypt,  initiated  by  the  bombard- 
ment of  Alexandria,  July,  1SS2,  was  entirely  without  real 
cause  or  justification,  and  this  was  very  strongly  held  and 
promulgated  in  many  addresses,  given  at  the  time,  in 
various  parts  of  this  country  by  American  ex-officers  of 
the  Egyptian  Government.  Acording  to  the  British  ac- 
counts, and  the  statement  is  supported  by  Commander 
Goodrich,  the  fact  is  that  a  set  of  native  and  foreign 
officers  had  gradually  "wrested  the  power  from  the  hands 
of  the  Khedive,  their  legitimate  ruler,  and  had  wielded  it 
in  such  a  manner  as  to  paralyse  trade,  destroy  confidence, 
and  cause  the  foreign  population  to  desert  the  country  by 
thousands."  The  concentration  of  the  British  naval 
forces  in  the  harbor  of  Alexandria  only  stimulated  the 
feeling  against  foreigners  already  threatening  the  destruc- 
tion of  all  such  citizens;  and  the  strengthening  of  the 
fortifications,  which  was  caried  on  under  the  very  guns  of 
the  British  fleet,  in  spite  of  protests,  indicated  an  inten- 
tion of  resorting  to  violence  should  the  relations  between 
the  native  and  the  British  parties  become  more  strained. 
It  was  thought  best  by  the  British  commander  to  send  to 
the  Government  of  Egypt  an  ultimatum,  threatening  to 
attack  the  forts  in  the  harbor  should  the  mounting  of 
guns  not  be  at  once  discontinued  and  those  in  process  of 
installation  removed.  This  demand  was  not  acceded  to, 
and  the  result  was  the  initiation  of  a  campaign,  the 
general  outcome  of  which  is  well  known  to  every  intelli- 
gent reader  of  the  daily  press. 

We  cannot  attempt  the  formal  review  of  so  extensive  a 
document,  and  must  be  content  with  the  briefest  possible 
notice,  and  a  few  extracts  illustrating  the  extent  and 
value  of  the  mass  of  information  collated  by  Commander 
Goodrich.  The  report  is  well  illustrated  by  engravings 
exhibiting  the  character  and  general  construction  of  the 
British  iron-clads  engaged  at  Alexandria,  the  extent  and 
disposition  of  the  forts,  and  the  nature  of  the  apparatus 
and  material  employed.  Good  photo-gravures  of  the 
exterior  and  interior  of  the  forts  after  the  bombardment 
exhibit  well  the  effect  of  the  shot  thrown  from  the  heavy 
guns  of  the  vessels  of  war,  and  maps  and  plans  are  intro- 
duced wherever  they  can  be  made  useful.  Thus  the  bom- 
bardment of  Alexandria,  an  event  having  very  little  signi- 
ficance in  itself,  perhaps,  and  having  none  of  that  pecu- 
liar interest  which  attaches  to  bloody  engagements  and 
well-fought  fields,  is  made  a  means  of  instruction  in  the 
arts  of  naval  and  military  engineering,  such  as  seldom  if 
ever  had  been  previously  obtainable.  Some  of  the  con- 
clusions derived  from  the  study  of  this  bit  of  war  are  the 
following  :  The  height  of  a  fort  above  the  sea  level  is  a 
matter  of  the  greatest  importance,  a  slight  rise  giving, 
often,  great  advantages.  This  was  well  shown  during 
our  own  civil  war  bv  the  misfortunes  of  the   Galena  and 


her  sister  ships  on  the  occasion  of  their  attack  upon  the 
forts  on  the  high  bluffs  on  the  James  River.  The  vessels 
were  seriously  damaged,  while  the  forts  were  un- 
injured. 

At  Alexandria,  a  difference  of  14  ft.  in  the  altitudes  of 
the  Lighthouse  Fort  and  Fort  Pharos  gave  the  latter  an 
enormous  advantage,  and  it  suffered  comparatively  little, 
while  the  former  was  badly  cut  up  and  its  guns  very  gen- 
erally dismounted.  It  was  found,  also,  that  no  projectile- 
mounted  in  the  British  fleet  was  capable  of  sending  a  shot 
through  30  ft.  of  earthwork,  though  some  of  these  guns 
were  of  81  tons  weight,  and  it  is  even  doubted  whether 
the  100-ton  gun  with  its  40,000  foot-tons  of  stored  energy 
could  drive  a  shot  through  that  thickness  of  earth.  Lines- 
of  fortifications  should  be,  wherever  possible,  unbroken,, 
and  the  guns  should  be  of  the  same  color  as  the  masonry 
in  order  that  the  gunners  attacking  them  should  not  be 
furnished  with  a  target  at  which  to  aim  with  exactness. 
Low-powered  guns  of  high  trajectory  are  considered  best 
for  the  attack  of  earthworks.  High-powered  guns,  with 
their  low  trajectory,  drive  their  shot  in  at  the  limit  of 
maximum  resistance.  Ships  should,  on  such  occasions, 
have  composite  batteries.  Perhaps  the  most  important 
of  all  lessons  taught  by  this  incident  of  war  are  that 
vessels  are  not  and  cannot  be  expected  to  be  able  to  fight 
on  even  terms  with  forts  or  shore  batteries,  and  that,  on 
the  other  hand,  the  latter  are  utterly  powerless  to  stop 
the  progress  of  any  well-handled  and  satisfactorily- 
armored  fleet  of  the  present  day.  The  fleet  may  pass  on 
without  so  much  as  noticing  the  fort  and  with  almost 
perfect  impunity.  The  art  of  defense  has  so  far  out- 
stripped that  of  offense  that  each  system,  as  constructed 
to-day,  is  practically  unconquerable  by  the  other.  The 
same  fact  was  well  illustrated  in  our  own  last  contest  by 
the  permanence  of  the  defenses  of  Charleston  and  by  the 
passage  of  the  forts  at  New  Orleans  by  Farragut's  fleet. 
The  fact  that  the  latter  was  a  wooden  fleet  emphasizes  the 
advantage  possessed  by  the  warship  in  its  mobility. 

Among  the  miscellaneous  conclusions  which  attract  at- 
tention in  the  midst  of  the  encyclopedic  mass  of  informa- 
tion here  given  us,  is  that  which  Lieutenant  Greeley  also 
reached  after  his  experiences  in  the  Arctic  regions  ;  that 
"grog"  was  not  only  useless,  but  that  the  troops  were 
better  without  it.  Accordingly  the  ration  issued  ordin- 
arily was  changed,  increasing  the  allowance  of  tea,  adding 
lime-juice,  substituting  potatoes  and  rice  for  fresh  vege- 
tables when  they  were  obtainable,  and  abolishing  the  daily 
'•  tots  "  of  rum.  It  is  interesting  to  read  that  "great  dis- 
satisfaction was  felt  on  the  part  of  the  British  officers 
with  the  lack  of  a  means  of  summary  punishment  to  take 
the  place  of  flogging  "now  abolished,  a  feeling  also  ex- 
pressed on  somewhat  different  grounds  by  many  citizens 
of  Chicago  since  the  trial  of  the  anarchist  murderers  in 
that  city.  It  is  stated,  in  referring  to  the  use  of  the  filthy 
waters  of  the  "Sweetwater"  Canal,  that  they  did  not,  so 
far  as  could  be  observed,  produce  disease.  Diarrhceas 
were  caused  by  the  heat  and  exposure  of  the  campaign, 
even  where  the  men  were  given  distilled  waters.  "  Heat 
apoplexy  was  probably  the  only  true  climatic  disease." 
Antiseptic  surgery  was  employed  from  the  first,  and  with 
good  results,  carbolic  acid  being  the  antiseptic  commonly 
employed.  Mercuric  chloride,  the  favorite  antiseptic 
among  our  own  surgeons,  does  not  seem  to  have  been 
generally  used.  Hospital  accommodations  and  the  hos- 
pital ssrvice  generally  were  not  always  of  the  best,aliliou;^li 
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in  some  cases  the  retinement  of  charity  went  so  far  as  to 
provide  iced  champagne  among  the  medical  stores  act- 
ually issued. 

One  of  the  last  of  the  many  recommendations  of  this  in- 
structive report  is  one  which  will  appeal  stronj^ly  to  every 
executive  officer  in  our  colleges  as  well  as  in  other  ad- 
ministrative  positions: 

"The  practice  of  mentioning  juniors  in  despatches 
.  .  .  is  one  of  the  most  marked  features  of  all 
the  official  reports  .  .  .  The  sense  of  duty  well 
done  may  be  all  that  an  officer  has  a  right  to  expect; 
but,  until  human  nature  changes  entirely,  even  the  most 
conscientious  person  will  not  fail  to  find  a  stimulus  to 
still  greater  exertions  in  the  field,  or  more  prolonged  and 
earnest  labors  in  the  cabinet,  in  the  thought  that  his 
efforts,  if  successful,  will  become  part  of  the  annals  of 
the  service  to  which  he  devoted  his  life  without  re- 
serve." 

The  last  of  this  series  of  publications  which  we  have 
occasion  to  notice  is  that  on  Recent  Naval  Progress,  pub- 
lished by  the  Navy  Department  in  June,  1887.  It  makes 
a  volume  ot  about  350  pages  and  is  full  of  important  and 
interesting  information  relating,  mainly,  to  purely  naval 
matters.  Perhaps  the  most  important  paper  of  the  col- 
lection is  that  with  which  the  volume  opens,  a  contribu- 
tion by  Lieutenant  Schroeder  on  the  Development  of 
Modern  Torpedoes,  which  is  supplemented  by  an  ap- 
pendix, describing  experiments  at  various  British  and  other 
European  ports.  The  introduction  of  the  torpedo  into 
warfare  is  a  recent  event,  notwithstanding  the  fact  that 
the  invention  originated  at  a  comparatively  early  date. 
Bushnell's  floating  torpedoes  of  a  century  and  more  ago, 
and  their  use  in  the  War  of  the  Revolution,  are  well- 
known  historical  events;  while  the  rhymes  describing  the 
"  Battle  of  the  Kegs"  have  taken  a  permanent  place  in 
our  literature. 

It  is  also  a  fact  familiar  to  every  student  of  his- 
tory that  Robert  Fulton,  a  little  later,  made  some  effort 
to  work  that  promising  field  of  invention,  and  suc- 
ceeded in  producing  effective  torpedoes,  and  in  operating 
them  by  means  of  a  submerged  vessel  impelled  by  a  screw 
which  was  probably  the  best  submarine  boat  ever  con- 
structed up  to  the  date  of  our  own  civil  war.  It  is  not 
surprising  that  this  should  have  always  been  a  most 
attractive  department  of  work  for  ingenious  mechan- 
ics. 

No  one  can  fail  to  recognize  the  fact  that  it  is  to  such 
developments  as  we  are  now  witnessing  that  we  are  to  look 
for  that  final  outcome  of  military  and  naval  progress 
which  is  yet  to  make  war  between  civilized  nations  im- 
possible in  consequence  of  the  very  efficiency  of  their  im- 
plements and  machinery  of  destruction.  When  the  tor- 
pedo system  has  become  to  such  an  extent  perfected  that 
no  fleet  can  with  safety  approach  the  shores  of  an  enemy, 
and  that  the  most  powerful  iron-clads  and  rams  will  cer- 
tainly be  destroyed  whenever  they  come  into  the  presence 
of  a  fleet  of  torpedo-boats,  the  whole  cost  of  that  fleet 
being  less  than  that  of  a  single  first-rate  armored  vessel, 
naval  wars,  at  least,  will  cease,  and  disputes  among 
nations  will  be  brought  much  nearer  to  adjustment  by 
discussion  and  arbitrament,  and  will  be  settled,  if  worst 
comes  to  worst,  by  the  proclamation  of  non-intercourse, 
the  penalties  of  which  in  the  interruption  of  internal 
business  and  inter-state  trade  will  be  amply  sufficient  to 
bring  about  a  settlement.    The  perfection  of  the  torpedo, 


in  its  several  forms  of  fixed,  floating,  movable  and  auto- 
matic apparatus,  will  be  thus  seen  to  he  a  matter  which 
must  be  of  vital  importance  to  every  nation,  and  espe- 
cially to  one  which,  like  the  United  States,  is  disposed  to 
rely  upon  the  more  decent  and  civilized  methods  of 
preservation  of  the  peace.  Not  only  is  the  torpedo  the 
only  reliance  of  our  country  in  case  of  a  war  with  a 
foreign  nation,  but  it  is  that  form  of  instrument  of  warfare 
which  is  most  likely  to  put  an  early  end  to  all  naval 
contests.  The  torpedo  also  has  a  place  in  army  operations ; 
but  there  it  is  of  vastly  less  importance.  The  perfection 
of  ordnance,  small  and  large,  insuring  the  destruction  of 
any  force  that  may  be  exposed  to  fire  is  what  we  must 
rely  upon  to  insure  a  similar  issue  on  land. 

Lieutenant  Schrocder's  report  report  gives  a  very  full 
account  of  all  the  approved  forms  of  torpedo,  from  the 
towing  apparatus  and  torpedo  of  Harvey  to  the  automatic 
torpedo  of  Whitehead  and  that  of  Lay.  The  projectile 
torpedoes,  among  which  is  the  Ericsson,  as  fitted  to  the 
Destroyer,  are  not  the  least  interesting  of  the  numerous 
forms  of  this  weapon.  It  is  a  form  which  Fulton  and 
many  later  inventors  had  great  faith  in,  and  it  is  expected 
that  it  will  in  time  prove  useful,  Rocket  torpedoes  for 
naval  purposes  are  not  considered  promising.  The  fish 
torpedo,  as  that  of  Whitehead,  in  which  the  power  is 
stored  in  the  instrument  itself,  and  which  is,  in  the  case 
of  Lay's  invention,  capable  of  being  guided  from  the  ves- 
sel or  the  shore,  as  an  instrument  of  aggression  is  of  the 
highest  rank.  It  is  a  singular,  fact  that  the  device  of 
Whitehead  is  not  held  by  patents  but  by  the  retention  or 
sale  of  the  secrets  of  the  inventor.  These  torpedoes  are 
now  made  up  to  20  ft.  in  length,  attaining  speeds  of  27 
miles  an  hour,  using  air  compressed  to  a  pressure  of  1,500 
lbs.  per  square  inch  and  carrying  a  detonating  charge  of 
100  lbs.  of  gun-cotton.  Howell's  torpedo  is  an  ingenious 
and  effective  application  of  the  principle  of  transforma- 
tion of  energy.  Commander  Howell  uses  a  fly-wheel 
which  is  driven  up  to  an  enormously  high  speed — 10,000 
revolutions  a  minute — and  thus  stores  power  which  is  later 
applied  in  the  propulsion  of  the  screw  of  the  tor- 
pedo. It  is  wonderfully  simple  in  design  and  construction 
and  is  reported  to  be  very  promising  in  its  perfor- 
mance. 

The  Lay  torpedo  differs  from  the  preceeding  forms  in 
the  very  extraordinary  fact  that  it  is  controllable  from 
the  ship  or  from  the  shore  while  in  motion.  Many  modi- 
fications of  this  general  plan  by  various  inventors  have 
been  tried,  some  of  them  with  promise  of  success  when 
experience  shall  have  given  the  clue  to  the  methods  of 
perfecting  them  in  details.  Liqueified  carbonic  acid  is  the 
working  fluid  for  its  engines,  and  both  engines  and 
rudder  are  controlled  by  an  electric  current  through 
cables  trailing  behind  the  torpedo  as  it  shoots  ahead  at 
the  rate  of,  sometimes,  over  20  miles  an  hour  carrying  a 
charge  of  200  lbs.  of  dynamite  against  the  enemy  with  a 
certainty  of  his  destruction  which  is  not  approached  by 
any  other  instrument  of  the  class.  As  improved  by 
Patrick  this  is  the  most  formidable  of  all  recent  "  peace- 
compellers." 

The  other  papers  in  this  valuable  collection  are,  in 
many  cases,  as  important  and  as  exhaustive  as  that  just 
reviewed  and  the  volume,  as  a  whole,  has  very  great 
value,  not  only  to  the  naval  officer,  but  to  the  engineer  in 
civil  life,  and  to  many  others  interested  in  applied 
science. 
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THE  PRINCIPLES  OF  RAILROAD  LOCATION. 
Bv  Prokkssor  C.  I).  Jameson. 

(Copyright,  1887,  by  M.  N.  Forney  ) 

CHAPTKR    11. 

KECONN'OISSANCE. 

As  we  have  before  staled,  a  man  to  excel  in  location  must 
have  a  natural  talent  for  it.  It  must  be  born  in  him — 
somethinsj  never  10  be  acquired.  So  now  let  us  say  that 
it  is  in  reconnoissance  that  this  born  locator  has  the  best 
chance  to  exhibit  his  talent.  Anyone  with  proper  instruc- 
tion can  do  the  surveying  needed  on  location  when  he  is 
told  what  to  do;  he  can  lun  any  line  when  the  line  is 
pointed  out  to  him  ;  but  it  needs  the  man  with  the  natural 
talent,  improved  by  study  and  practice,  to  point  out  the 
best  line  for  a  railroad  in  any  kind  of  country. 

In  every  way  the  reconnoissante  is  the  most  important 
part  of  the  conduct  of  a  railroad  location,  and  under  no 
circumstances  should  this  worU  be  delegated  to  an 
assistant. 

This  reconnoissance  of  a  country  whii  h  precedes  a  rail- 
road survey  is  an  e.xaminalion,  made  with  extreme  care,  of 
that  section  of  the  country  through  which  the  railroad 
may  pass,  or  at  least  all  that  part  of  the  country  that  lies 
between  the  terminal  points  which  have  been  decided 
upon  previously.  The  object  of  this  reconnoissance  is  to 
tind,  by  means  of  the  eye.  principally,  where  the  best  line 
for  the  railroad  lies  between  the  terminal  points.  The 
engineer  must  have  a  perfect  understanding  as  to  the  kind 
of  railroad  he  wishes  to  locate,  in  regard  to  the  amount  of 
probable  traffic,  the  class  of  traffic,  and  all  the  other  points 
mentioned  in  Chapter  ]. 

By  the  best  line,  the  engineer  must  remember  that  the 
one  with  the  least  work  in  construction  is  not  necessarily 
meant;  neither  must  all  his  endeavors  be  toward  the 
shortest  line.  But  the  best  line,  as  has  been  said  before, 
is  where  the  minimum  of  both  construction  and  operation 
expenses  meet. 

There  is  one  idea  which  the  young  engineer  should 
have  firmly  impressed  on  his  mind,  and  that  is.  that,  no 
matter  in  what  country  he  is.  there  is  somewhere  a  good  line 
for  a  railroad  between  any  two  points.  By  a  good  line  we 
mean  one  that  is  eminently  better  than  any  other.  Also,  let 
him  always  have  the  idea  that  this  best  line  is  not  the  one 
he  thinks  it  is  at  first,  but  one  that  can  only  be  found  after 
careful  examination.  In  this  examination  the  object  must 
be  to  get  a  good  general  idea  of  the  topography  of  the 
belt  of  country  to  be  examined  ;  to  get  the  position,  direc- 
tion and  size  of  all  the  water  courses;  the  position  and 
relativ^e  height  of  all  the  controlling  points,  such  as  the 
different  passes  through  the  hills  or  mountains,  water- 
sheds, etc.;  the  position  of  small  intermediate  villages, 
that  is,  such  villages  as  are  not  of  enough  importance  in 
themselves  to  make  it  advisable  to  spend  much  money  in 
building  the  railroad  to  them,  if  a  better  line,  both  in  con- 
struction and  operation,  can  be  found  by  leaving  them  to 
one  side.  In  fact,  the  object  of  this  examination  is  to  get 
a  perfect  idea  of  the  country  without  taking  up  too  much 
time. 

The  manner  of  accomplishing  this  object  is  as  follows  : 

The  engineer  in  charge  of  reconnoissance  should  get 
the  very  best  maps  of  the  country  that  can  be  procured. 
In  most  cases,  these  will  be  anything  but  satisfactory  ; 


still,  a  very  good  idea  can  be  obtained  of  the  more  prom- 
inent topographical  features.  These  maps  should  be 
studied  with  great  care,  until  the  required  section  of 
country  is  memorized,  and  a  complete  plan  made  of  the 
manner  in  which  the  reconnoissance  in  the  field  is  to  be 
conducted.  Notes  in  sulficient  quantity  should  be  taken, 
so  as  net  to  burden  the  rtiemory  of  the  engineer  in  any 
way  more  than  is  necessary. 

When  he  has  notes  of  all  the  principal  points  that  he 
wishes  to  visit  and  examine,  let  him  find  out  all  the  best 
ways  of  getting  there,  and  make  all  his  arrangements  so 
as  to  lose  as  little  time  and  cover  as  much  ground  in  the 
field  as  possible. 

In  studying  the  maps  before  going  into  the  field,  and 
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afterwards  in  examining  the  ground,  let  the  engineer 
remember  the  following  points  : 

The  position  and  direction  of  the  water-courses  will 
give  him  always  the  lowest  land,  and,  if  the  proposed  rail- 
road crosses  a  divide  between  two  water-sheds,  the  water- 
courses will  mark  the  position  of  this  divide  and  also  the 
different  passes  through  it. 

The  rate  of  fall  of  the  water-courses  gives  the  grade  of 
any  railroad  built  along  their  banks,  and  this  grade  will 
always  be  found  to  be  steeper  near  the  source  of  the 
river,  and  to  gradually  grow  less  as  the  distance  from  the 
source  grows  greater.  Where  the  course  of  a  stream  is 
comparatively  straight,  the  rate  of  fall  is  usually  much 
greater  than  where  it  winds  and  turns  a  great  deal.  Any 
line  which  follows  the  course  of  a  river  must  cross  all  its 
tributaries,  and  thus  often  necessitates  deep  fills  and 
many  bridges. 

Kny  line  which  runs  along  a  steep  hill-side  is  in  danger 
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of  slides  and  wash-outs,  but  in  construction  side-hill 
work,  that  is,  where  part  of  the  worlc  is  in  cut  and  part  in 
fill,  is  much  cheaper  than  a  through  cut  or  fill,  as  the 
material  that  must  be  excavated  to  make  the  cutting  is 
used  to  form  the  fill,  without  any  of  the  expense  of  cart- 
age. When  the  hill-side  is  of  rock,  there  is  very  little 
danger  of  slides,  and  there  is  a  very  great  difference  in 
the  cost  of  construction,  as  it  is  a  very  great  expense  to 
remove  the  rock  from  a  through  cut,  even  after  it  has 
been  broken  up  by  blasting;  while,  in  the  case  of  a  side- 
hill,  by  a  judicious  use  of  the  drill  and  explosive  material, 
the  bulk  of  the  material  is  at  once  thrown  out  of  the  way 
by  the  explosion,  and  the  remainder  can  be  rolled  down 
the  hill  at  slight  expense.    (See  Plate  III.) 

When  the  young  engineer  first  goes  into  the  field  on 
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location,  he  must  not  feel  any  doubt  as  to  the  success  of 
his  work  if  the  country  is  very  much  broken  and  moun- 
tainous, for  the  reason  that  an  exceedmgly  rough  country 
is  often  much  easier  to  locate  through  than  a  more  level 
one.  The  reason  of  this  is  that  in  a  rough,  broken  coun- 
try there  is  less  left  to  the  judgment  of  the  engineer. 
The  topographical  features  are  very  decided.  Nature  has 
often  located  the  line  and  almost  staked  it  out,  and  as  the 
engineer  has  simply  to  follow  the  line  so  plainly  held  up 
to  view,  there  is  very  little  chance  of  his  going  wrong. 

On  the  other  hand,  in  a  more  regular,  even  country 
Nature  has  not  shown  in  such  a  definite  manner 
which  is  the  best  line,  and  the  engineer  has  more  work  to 
do  in  order  to  find  among  the  many  possible  lines  which 
is  the  best;  and  the  greater  call  there  is  upon  human 
judgment  the  greater  chance  there  is  for  error. 


An  illustration  of  the  different  profiles  that  can  be  ob- 
tained by  different  lines  running  between  the  same  termi- 
nal lines  is  given  in  Plate  IV. 

All  the  different  lines  shown  run  from  A  to  />',  and  the 
line  which  gives  the  smoothest  profile  is  the  line  c,  which 
keeps  nearest  the  sources  of  the  river;  it  is  also  the 
longest  line. 

In  work  in  the  field,  the  young  engineer  must  take 
much  care  that  he  does  not  judge  of  the  difficulties  of 
building  the  railroad  to  a  certain  extent  by  the  difficulties 
he  has  in  getting  over  the  ground.  Often,  on  ground 
where  it  is  almost  impossible  for  the  engineer  to  pass  at 
the  time  of  the  reconnoissance  the  lightest  work  in 
construction  will  be  found.  In  the  same  way,  the  re- 
connoitering  engineer  must  not  confine  himself  to  high- 
ways and  the  open  country.  This  is  always  a  temptation, 
and  the  location  of  parts  of  many  railroads  has  been 
ruined  by  it. 

In  making  a  reconnoissance,  it  should  be  made  on 
horseback  or  on  foot,  and  the  engineer  should  have  with 
him,  as  guides,  one  or  more  of  the  inhabitants  of  the  coun- 
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try  who  know  all  the  short  cuts,  passes,  rivers,  streams 
etc. 

Now,  in  examining  the  ground,  the  work  should  be  done 
slowly  and  carefully,  the  engineertaking copious  notes  and 
sketches.  When  he  has  finished,  he  must  be  so  familiar 
with  the  whole  country  that  he  can  at  any  time  call  up  a 
mental  picture  of  it,  with  its  mountains,  rivers  and  other 
topographical  features,  so  that  he  can  at  once  see  men- 
tally the  obstacles  that  would  be  encountered  by  any  line 
running  between  the  terminal  points. 

One  point  that  should  be  studied  by  all  engineers  is,  to 
be  able  to  look  at  a  piece  of  country  and  make  a  reason- 
ably e.xact  guess  as  to  the  cost  per  mile  of  constructing  a 
railroad  across  it.  This  can  only  be  acquired  by  long 
practice.  The  only  persons  we  have  who  are  in  any  way 
expert  at  such  estimating,  are  old  railroad  contractors, 
who,  from  their  long  experience,  can  guess  with  most  won- 
derful exactness  at  the  number  of  cubic  yards  to  the  mile 
that  any  country  will  run. 

Another  thing  to  be  guarded  against  in  the  field  is 
optical  delusion.     In  most  situations  it  is  almost  impos- 
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sible  to  judge,  with  any  degree  of  exactness,  of  altitudes, 
or  even  whether  the  ground  is  inclined  up  or  down  hill, 
by  the  eye  alone.  When  one  looks  at  a  hill  or  mountain,  it 
always  has  the  appearance  of  bein^'  much  steeper  than  it 
really  is  ;  rivers  and  streams  appear  to  fall  much  faster 
than  they  really  do. 

Let  the  engineer  by  practice  find  out  what  his  "  personal 
equation  "  is  and  then  regulate  his  estimates  by  it. 

With  a  good  reconnoitering  engineer,  one  of  the  class  we 
spoke  of  in  the  beginning,  who  has  natural  talent  and  plenty 
of  practice. and  who  has  given  him  what  time  he  needs  on 
the  reconnoissance.  the  work  of  surveying  will  be  verj- 
much  decreased.  In  most  cases  it  will  be  necessary  to  run 
only  one  through  line  ;  of  course,  many  of  the  details  of  this 
line  will  have  to  be  run  and  re-run,  but  with  proper  atten- 
tion to  the  reconnoissance,  the  general  line  and  the  grades 
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that  can  be  used  can  be  decided  upon,  once  for  all.  Of 
course,  it  takes  a  thoroughly  competent  engineer  to  do  this, 
and  the  majority  of  our  engineers  put  upon  location  are  not 
competent  on  this  point.  This  is  not  so  much  the  fault  of 
the  engineers  as  it  is  of  the  railroad  companies.  Until  with- 
in the  last  few  years  they  would  not  pay  properh'  for  a 
locating  engineer,  and  naturally  could  not  get  first-rate 
men  for  third-rate  pay.  The  engineer  hurried  through 
his  work  on  location  as  rapidly  as  possible,  and  with  as 
little  work  as  possible,  and  jumped  at  the  first  chance  on 
construction  that  offered  as  a  situation  where  he  would 
get  fair  pay  for  fair  work. 

One  great  tronble  our  engineers  have  is  that,  as  soon  as 
a  company  has  decided  to  build  a  railroad,  its  managers 
are  so  anxious  to  commence  the  work  of  actual  con- 
struction that  they  allow  very  little  time  for  reconnois- 
sance, and  consequently  the  work  is  only  half  done.     The 


company  has  to  pay  for  this  neglect  when  the  road  comes 
to  be  operated. 

In  speaking  above  as  to  the  class  of  engineers  who  go 
on  location,  the  author  wishes  to  say  that  he  has  met 
with  many  honorable  exceptions,  men  who  had  done 
everything  to  improM  a  great  natural  talent  for  locating 
and  reconnoitering.  and  who  had  arrived  very  near  per- 
fection. 

In  this  work  of  reconnoissance,  the  three  elements  which 
the  engineer  wishes  to  find  quickly  and  with  approximate 
accuracy  are  distance,  direction  and  altitude.  The  distance 
passed  over  can  be  taken  with  sufficient  accuracy  by  means 
of  the  time  occupied  in  passing  from  point  to  point.  Very 
little  practice  will  show  the  engineer  at  what  rate  he 
moves  either  on  foot  or  horseback  and  if  the  journey  can 
be  made  in  a  wagon,  then  an  odometer  fastened  to  the 
wheel  will  give  the  distance. 

By  direction  we  mean  the  position  of  one  prominent 
point  in  relation  to  others,  the  courses  of  the  rivers, 
streams,  etc.  By  altitude  we  mean  the  height  of  all  the 
desirable  points,  such  as  passes,  water-sheds,  etc.,  above 
some  known  height,  usually  the  sea- level,  the  rate  of  fall  of 
the  rivers,  streams,  etc.  The  instruments  by  means  of 
which  these  required  data  are  obtained  must  be  of  such  size 
and  form  as  not  in  any  way  to  inconvenience  a  man  walking 
or  on  horseback,  and  their  methods  of  use  must  be  such 
that  the  required  results  may  be  obtained  with  minimum 
loss  of  time.  For  altitudes  we  use  the  Aneroid  Barometer 
and  the  Hand-Level,  and  for  direction  the  Pocket-Com- 
pass. These  instruments,  with  the  methods  of  using  them, 
will  be  described  and  illustrated  in  the  following  chapters. 

CH.^PTER   HI. 
THE   ANEROID    B.\ROMETER. 

The  use  and  construction  of  the  barometer  is  based 
upon  the  following  facts  :  The  earth  is  surrounded  by 
what  we  call  the  atmosphere  or  air.  This  atmosphere  is 
known  to  be  about  4  5  miles  thick,  that  is,  it  extends  45 
miles  above  the  sea-level.  A  column  of  this  air  i  in. 
square  and  about  45  miles  long  weighs  143+  lbs.  We  do 
not  feel  this  weight  or  pressure  under  ordinarj'  circum- 
stances, because  we  are  entirely  surrounded  by  the  atmos- 
phere, and  the  pressure  is  exactly  the  same  in  all  direc- 
tions, and  consequently  balances.  But  if  you  place  your 
hand  over  the  end  of  a  pipe,  and  all  the  air  is  exhausted 
from  the  pipe,  then  you  have  the  sensation  of  vour  hand 
being  sucked  into  the  pipe.  This  is  merely  the  pressure 
or  weight  of  the  atmosphere  acting  on  the  other  side  of 
your  hand,  and  you  are  sensible  of  this  weight,  because 
the  counter- weight  or  pressure  on  the  other  side  has  been 
removed. 

The  air  is  much  more  dense  at  the  sea-level  than  at 
some  distance  above  it,  owing  to  the  greater  weight  from 
above  pressing  it  down.  Therefore,  the  higher  you  get 
above  the  sea-level,  the  less  is  the  weight  of  the  atmos- 
phere, owing  to  the  fact  that  the  column  itself  is  shorter 
and  that  the  atmosphere  is  less  dense. 

It  is  upon  this  fact,  that  as  you  rise  above  the  sea-level 
the  weight  or  pressure  of  the  atmosphere  becomes  less, 
that  the  use  and  construction  of  the  barometer  for  obtain- 
ing altitudes  is  based. 

The  cistern,  or  mercurial  barometer,  Plate  V,fig.  i,  con- 
sists of  a  graduated  glass  tube,  a  b,  with  a  bulb  or  cistern, 
c.  at  the  bottom.     The  air  is  all  exhausted  from  the  tube, 
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and  i'.  and  thtf  cistern  are  partly  filled  with  mercury.    The 

top  of  the  cistern  r  is  then  covered  with  some  air-proof 
elastic  substance,  such  as  rubber. 

The  air   having   been   exhausted    from   the   tube,    tlic 

Plate  M  « 


V      :      )' 
! \ 


weight  of  the  air  at  c  forces  the  mercury  up  in  the  tube, 
until  the  weight  of  this  column  of  mercury  just  equals,  or 
balances,  the  weight  or  pressure  of  the  atmosphere. 
At  the  sea-level,  when  the  atmosphere  weighs  14J4  lbs., 

Plate   v/ 


above  the  sea  we  arc  by  the  height  of  the  mercury  in  the 
tube. 

The  mercurial  barometer,  with  its  glass  tube  over  30  in. 
long,  is  a  most  inconvenient  and  delicate  thing  to  carry. 
The  barometer  used,  therefore,  for  taking  heights  in  the 
field,  is  what  is  called  the  aneroid  barometer.  The  prin- 
ciple upon  which  it  works  is  exactly  the  same  as  the  mer- 
curial batomeler,  namely,  the  decrease  in  atmospheric 
pressure  as  we  ascend. 

Plate  VI  represents  a  section  of  an  aneroid  baromelcr, 
showing  the  interiormechanism.  Plate  VII  isa  perspect 
ive  view  of  the  same.  .J  is  a  small  metal  box,  the  top  of 
which  B  />'  is  corrugated,  as  shown  in  the  figure,  to  give 
it  greater  elasticity.  This  box  A  is  airtight,  and  all  the 
air  is  exhausted  from  the  inside.  Then,  of  course,  the 
weight  of  the  atmosphere  presses  in  the  top  B  B  and, 
as  this  atmospheric  pressure  increases  or  decreases,  so 
the  top  of  the  box  is  raised  and  lowered.  This  box  ^1  is 
firmly  fixed  to  the  bottom  of  the  brass  case  P  P  P  P, 
which  contains  all  the  mechanism. 

This  up-and-down  motion  of  the  top  of  the  box  or 
corrugated  plate  B  B  is  communicated  to  the  needle 
MM  in  the  following  manner:  On  the  top  .ff />' is  the' 
post  t",  fastened  to  the  top.  One  end  T  of  the  main 
lever  /'  rests  upon  the  fulcrum  O.  and  is  acted  upon 
from  above  by  the  post  C,  which  rises  and  falls  with 
thi  top  of  the  box  B  B.  The  end  .V  of  this  main  lever 
D  is  connected  by  a  joint  with  E,  which,  in  turn,  is  con- 
nected with  the  bent  lever  F  G.  The  upper  end  V  of 
F  G  '\%  connected  by  a  small  chain,/,  to  the  drum  A", 
which  is  upon  the  post  (('.which  has  the  needle  .1/ .1/ 
upon  its  upper  end. 

From  this,  it  can  be  seen  that  any  motion  of  6',  either  up 
or  down,  is  at  once  communicated  to  D,  and  from  thence 
through  the  levers  to  the  drum  K  which,  turning  one 
way  or  the  other,  moves  the  needle  M  M.  The  chain  J 
is  always  kept  wound  taut  around  the  drum  A"  by  means 
of  the  little  spring  L.  The  spring  N  is  to  raise  the  lever 
/?  when  C  is  raised,  and  the  weight  H  is  simply,  in  some 
degree,  to  counterbalance  the  spring  and  keep  all  the 
levers  working  on  bearings.  The  plate  or  circle  .V  X, 
Plate  VIII,  above  which  the  needle  moves,  is  divided  into 
equal  parts  which  correspond  to  the  inches  on  the  mer- 
curial barometer.     The  length  of  theseparts,  of  course,  de- 

PlATZ  VII 
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the  column  of  mercury  will  stand  just  30  in.  high  in  the 
tube.  As  we  rise  above  the  sea-level  the  pressure  of  the 
air  grows  less,  and  the  column  of  mercury  falls.  In  round 
numbers  the  mercury  falls  i  in.  for  each  1,000  ft.  we  rise; 
so  that,  knowing  this,  we  can  tell  approximately  how  high 


pends  upon  the  diameterof  the  circle.  In  a  5-in.  barome- 
ter the  needle  is  3  in,  long,  and  the  diameter  of  the  circle 
is  the  same.  In  this  case,  the  length  which  corresponds 
to  I  in.  of  the  mercurial  barometer  is  about  \]i  in.  That 
is,  the  point  of  the  needle  will  swing  Over  i  '.   in.  of  arc 
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for  the  same  change  of  atmospheric  pressure  that  would 
move  the  mercury  up  or  down  i  in.  in  the  mercurial  ba- 
rometer; and  this  corresponds  10  about  1.000  ft.  change 
in  elevation  of  the  instrument. 

Thus  this  I 'i  in  on  the  diviied  circle,  which  is  called  an 
inch,  corresponds  in  round  numbers  to  a  dilTerence  of  ele- 
vation of  1,000  ft. 

This  inch  is  divided  into  10  equal  parts,  each  repre- 
senting 100  ft.,  and  these  again  into  10  parts,  each  equal 
to  10  ft.  These  smaller  divisions  cm  easily  be  again 
divided  in  half  by  the  eye,  so  that  elevations  can  be  read 
to  less  than  5  ft. 

The  most  exact  method  of  using  the  barometer  in  de- 
termining heights,  is  to  worlv  from  some  point  of  known 
elevation,  either  back  to  the  same  point  or  to  some  other 
point  of  known  elevation,  as  these  given  points  will  act 


Plate 


as  a  check  upon  the  results  given  by  the  readings  of  the 
barometer. 

Before  commencing  work  the  aneroid  barometer  should 
always  be  compared  with  some  standard  mercurial  or  ane- 
roid barometer,  and  any  difference  in  the  readings  noted  ; 
and  after  the  readings  at  the  various  points  have  been  taken, 
the  correction  should  be  applied.  This  is  a  much  better 
method  than  attempting  to  correct  the  error  in  the  instru- 
ment itself  by  means  of  the  adjusting  screw,  which  is  at- 
tached to  most  instruments.  The  aneroid  being  a  deli- 
cate piece  of  mechanism,  it  is  better  to  use  the  correction 
for  a  known  error,  than  to  take  the  chances  of  getting  in 
an  unknown  error  by  changing  the  adjustment. 

Although  most  of  the  aneroids  claim  to  be  compensated 
for  any  changes  of  temperature,  still  in  all  work  the  tem- 
perature should  be  taken  with  each  reading  and  the  proper 
correction  made  in  working  out  the  heights. 

While  in  use,  the  aneroid  should  be  held  in  a  horizontal 
position  and  allowed  to  remain  in  that  position  a  sufficient 


length  of  time  to  permit  it  to  feel  the  full  effects  of  the 
changes  in  the  atmospheric  pressure.  Just  before  the 
reading  is  to  be  taken,  the  aneroid  should  be  gently  tapped 
with  the  finger  in  order  to  do  away  with  any  sticking  of 
the  needle  or  any  part  of  the  mechanism.  On  any  im- 
portant point,  as  many  readings  as  possible  should  be 
taken,  and  those  results  which  were  laken  under  the  most 
similar  circumstances,  should  be  be  averaged. 

In  using  the  aneroid  on  reconnoissance,  th  •  object  is 
not  so  much  to  get  the  actual  height  of  the  various  points 
above  sea-levels,  as  to  find  their  relative  heights  ;  that  is, 
how  m  ich  higher  or  lower  one  point  is  than  another,  and 
this  can  be  done  very  correctly  by  the  following  rule, 
much  care  being  used  when  taking  the  readings: 

RULE. 

As  the  sum  of  the  two  readings  is  to  their  difference,  so 
is  55,000  to  the  difference  in  elevation   between  the  two 
points. 
Example : 

First  reading,  28  in. 
Second  reading,  27  in. 
27  +28  =  55 

55  :  I ::  55,000  :  1,000 
the  difference  in  elevation  between  the  two  points. 

Much  care  must  be  taken  in  the  use  of  the  aneroid, 
as  without  this  care  most  serious  errors  will  be  made  and 
the  value  of  the. work  lost. 

With  care  and  practice,  however,  results  may  be  ob- 
tained of  sufficient  accuracy  to  answer  every  purpose  of  a 
reconnoissance.  The  best  aneroids  cost  from  $35  t^o  $5°- 
The  mechanism,  by  means  of  which  the  rise  and  fall  of 
the  corrugated  top  B  B  is  made  visible  to  the  eye  and  is 
measured,  differs  to  some  extent  in  the  instruments  of  the 
different  makers,  but  the  principle  is  the  same  in  all. 
Every  first  class  aneroid  has  a  thermometer,  U  U,  Plate 
V'lII,  attached  to  it  with  which  to  take  the  temperature. 

Plate  VIII  is  an  outside  view  of  an  aneroid  barometer, 
showing  the  face  of  the  instrument. 

There  are  many  small,  cheap  aneroids  made  and  sold  to 
tourists,  but  they  are  generally  too  unreliable  for  any  en- 
gineering work.  " 

CHAPTER   IV. 
THE   HAND-LEVEL   AND    POCKET   COMPASS. 

The  Locke  Hand-Level  is  shown  in  Plate  V,  fig.  2. 
By  simply  holding  this  instrument  in  the  hand  and  looking 
through  it  one  can  tell  approximately  all  the  objects  that 
are  on  a  level  with  his  eyes.  In  this  plate,  A  is  the  eye 
end  of  the  level  and  B  the  open  end.  C  is  a  small  bubble 
enclosed  in  a  brass  box  which  has  an  opening  in  the  top 
and  one  in  the  bottom,  if  is  a  vertical  wire  which  runs 
down  from  the  center  of  the  bubble  tube,  and  is  set  in  a 
small  plate  so  that  it  can  be  moved  back  and  forth  by 
means  of  the  screw.  D  is  a  semicircular  mirror,  which 
occupies  one-half  the  tube  and  is  set  at  angle  of  45'. 

Thc'only  adjustment  of  the  instrument  possible  is  that 
of  the  wire  E.  To  adjust  this,  place  the  instrument  in  a 
perfectly  horizontal  position,  and  then  if,  in  looking 
through  it,  the  wire  does  not  cut  the  bubble  in  the  center, 
move  it  back  and  forth  by  the  screw  F  until  it  reaches  the 
proper  position. 

The  Pocket  Compass,  of  which  we  give  a  perspective 
view  and  plan  (Plates  IX  and  X),  is  used  to  obtain  ap- 
proximately the  direction   of  one  prominent  point  from 
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another,  the  general  direction  of  the  water  courses,  etc. 
The  principle  upon  which  its  use  is  based  is  simply  that  of 
any  magnetic  compass,  that  the  needle  O  O  will  always 
point  north  and  south  when  the  instrument  is  held  in  a 
position  nearly  enoiii;h  level  for  it  to  swing  freely.     We 


will  here  only  describe  the  simple  Pocket  Compass 
with  folding  sights,  because,  while  there  are  many  other 
instruments  of  modern  invention  which  have,  to  some  ex- 
tent, superseded  the  use  of  this  upon  reconnoissance,  their 


mechanism  and  manner  of  use  are  more  complicated,  the 
principle  being  still  exactly  the  same. 

Theordinary  pocket  compass,  which  is  shown  in  perspec- 
tive in  Plate  IX,  Plate  X  being  a  face-view,  consists  of  a 
brass  case,  s  s  s  s,  anywhere  from  2  to  5  in.  in   diameter. 


On  the  inside  of  the  case,  which  is  covered  with  glass, 
there  is  a  plate,'/'  P  P  /',  which  is  divided  into  degrees  or 
half-degrees,  as  represented.  Then  the  four  cardinal 
points  X.  S,  E  and  IV  are  marked  on  the  plate.  The 
magnetic  needle  O  (^swings  freely  on  a  pivot  in  the  center 
and  always  points  north  and  south.  On  the  outside  of  the 
case  and  directly  in  line  with  the  north  and  south  line 
marked  A'  and  .s,  Plate  X,  are  two  sights  ./  and  B.  These 
sights  are  pieces  of  metal  a  little  shorter  than  the  diameter 
of  the  case  and  work  on  the  hinges  C'and  D.  so  that  they 
can  be  shut  down  over  the  glass  top  of  the  case  when  the 
compass  is  in  the  box.  The  sight  A  D  has  an  extremely 
i  narrow  slit,  E  F,  cut  in  it  exactly  on  the  line  A^  S.  The 
shape  of  this  slit  is  shown  in  section  separately.  Let  a  b 
represent  a  horizontal  section  through  the  sight  A  D  on 
the  line  //,  then  the  point  a  will  be  the  slit  as  it  is  on  the 
outside  of  the  sight  or  the  side  shown  in  the  cut,  and  b 
the  side  of  the  slit  on  the  inside.  The  other  sight  B  C 
has  a  square  slit,  cut  through  it  as  shown,  and  in  the  cen- 
ter of  this  slit  and  exactly  in  line  with  N  S  is  tautly 
stretched  a  fine  wire.  A'/. 

The  button  R  on  the  outside  of  the  case  connects  with 
the  arm  5,  and  by  moving  A"  to  the  right  or  left,  the  needle 
O  C  is  either  raised  from  or  lowered  on  to  the  pivot  at 
the  center. 

(TO   BE  CONTINUED.) 


HOW   ELECTRICITY  IS  MADE. 

By  Lieu  tenant  Bradley  A.  Fiske,  U.  S.  N. 

^Concluded  from  page 50s.') 

A  dynamo  was  constructed  on  this  plan,  the  single  coil 
or  loop  being,  however,  replaced  by  a  continuous  coil  of 
many  convolutions  wound  like  a  shuttle  in  a  longitudinal 
groove  cut  around  an  iron  cylinder.  This  was  the  origi- 
nal Siemens  machine,  and  an  excellent  machine  it  was  for 
its  day.  It  may  be  here  remarked  that  the  revolving 
coil  with  its  cylinder  or  core  was  and  still  is  called  the  "  ar- 
mature," and  that  the  embracing  magnet  is  called  the 
"  field  magnet,"  and  sometimes  the  "  field,"  though  the 
word  field  strictly  applies  only  to  the  space  between  the 
poles. 

But  though  the  current  sent  to  the  outside  wire  was 
always  in  the  same  direction,  it  is  plain  that  it  could 
not  be  strictly  continuous,  because  it  fell  to  zero  twice 
during  each  revolution  at  the  times  when  the  current  in 
the  armature  changed  in  direction:  and  it  was  by  reason 
of  overcoming  this  defect  that  the  invention  of  the 
Gramme  machine  (or  "  dynamo,"  as  it  is  usually  called) 
in  1870  caused  such  an  enormous  advance  all  over  the 
world  in  the  generating  of  electricity  upon  a  large  scale. 
This  machine  is  shown  in  fig.  ii. 

Gramme  replaced  the  single  coil  of  wire,  with  its  ends 
connected  to  two  brass  segments  on  its  axle,  by  a  number 
of  separate  coils  wound  on  the  circumference  of  a  ring,  as 
shown  in  fig.  ii  a.  the  ring  being  revolved  also  between 
the  poles  of  a  magnet  N  and  S,  the  ends  of  the  coils  be- 
ing connected  to  each  other  in  such  a  way  as  to  form  a 
continuous  circuit  all  around  the  ring  and  also  connected 
to  the  various  brass  strips  shown,  which  were  secured 
separately  to  the  axle.  As  in  the  old  Siemens  machine, 
two  brass  brushes  to  which  the  ends  of  the  outside  wire 
were  attached   pressed  on  these  strips  in  succession,  as- 
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the  ring  or  armature  revolved.  A  little  consideration  will 
show  that  each  one  of  the  coils  in  a  Gramme  machine,  in 
rotating,  acts  exactly  like  the  single  coil  already  described  ; 
and.  as  the  coils  are  connected  together,  all  of  the  coils 
which  are  on  the  right  side  at  any  instant  generate  currents 


in  one  direction,  while  all  those  on  the  other  side  are  gen- 
erating currents  in  the  opposite  direction,  because  the 
right-hand  coils  are  performing  the  first  half  of  a  revolu- 
tion, and  the  left-hand  coils  are  performing  the  latter  half. 
Now,  if  the  currents  were  in  the  same  direction  in  both 
sides  there  would  be  one  continuous  current  around  the 
ring,  flowing  down  on  one  side  and  up  on  the  other,  but 
since  the  currents  are  in  opposite  directions,  they  must 
flow  up  or  down  on  both  sides,  and,  therefore,  join  forces 


Fig.    I  la. 


at  the  upper  or  the  lower  brush.  If.  for  instance,  the  coils 
are  so  wound  that  the  current  flows  up  in  the  coils  on  both 
sides,  both  currents  will  unite  at  the  upper  brush,  where 
they  will  pass  together  into  the  outside  wire  or  circuit,  and 
thence  through  the  outside  circuit  and  back  to  the  lower 
brush. 

The  very  important  fact  will  be  obstrved  that  so  long 
as  the  armature  revolves,  the  current  in  the  e.xternal  cir- 
cuit will  never  fall  to  zero  as  it  did  in  the  old  Siemens 
machine,  for  the  reason  that  though  the  current  in  each 
individual  coil  falls  to  zero  twice  in  a  revolution,  yet  the 
external  current  is  the  aggregate  of  all  the  currents  pro- 


duced by  the  coils,  so  that  at  the  very  instant  when  the 
current  in  one  coil  on  each  side  is  reduced  to  zero  by  rea- 
son of  changing  direction,  there  are  other  coils  generating 
a  strong  current,  so  that  the  total  current  in  the  external 
circuit  is  merely  reduced  the  proportional  part  due  to  one 
pair  of  coils.  Therefore,  the  external  current,  though  not 
perfectly  continuous  like  that  from  a  voltaic  cell,  has  only 
a  slight  undulatory  character  very  dilTerent  from  the 
throbbing  Siemens  current. 


METHOD   OF   WINDING  SIEMENS    ARM.\TURE. 

The  superiority  of  the  very  constant  current  generated 
by  the  Gramme  machine  was  so  palpable  that  Siemens 
was  not  slow  in  appreciating  it,  and  we  soon  find  him 
bringing  forward  a  machine  in  which,  while  the  long  ar- 
mature is  preserved,  the  single  coil  with  its  two-part 
commutator  is  replaced  by  a  cylinder  longitudinally  wound 
with  many  coils  which,  like  the  Gramme  coils,  do  not 
overlap  each  other  but  lie  on  different  parts  of  the  circum- 
ference, are  connected  to  each  other  around  the  whole  cir- 


^^ 


cumference,  and  are  connected  also  to  an  equal  number 
of  brass  strips  secured  to  the  armature  shaft.  Fig.  12 
shows  a  new  Siemens  armature  in  process  of  construction, 
one  coil  only  being  in  place,  and  fig.  1 3  shows  a  new  Siem- 
ens machine,  the  armature  with  all  its  coils  on,  lying  in 
position  between  the  magnet  pnles. 

In  what  has  been  said  thus  far.  it  has  been  assumed  that 
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the  field  magnets  were  permanent  magnets,  or,  at  le;ist, 
were  not  dependent  for  their  magnetism  upon  the  ma- 
chine itself.  Small  dynamos  are  sometimes  so  made,  and 
formerly  all  dynamos  were;  but  now  nearly  all  field  mag- 
nets are  electromagnets  produced  and  maintained  by  the 
armature  revolving  between  their  poles,  as  in  tig.  14.  When 
the  armature  is  motionless,  and  therefore  making  no  cur- 
rent, no  magnetism  is  evident  in  the  field  magnets,  except 


Fig.  14. 
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as  shown,  are  revolved  rapidly  between  the  poles  of  power- 
ful magnets.  Their  action  in  cutting  lines  of  magnetic 
force  is,  of  course,  precisely  the  same  as  that  of  coils  in 
the  Gramme  and  the  Siemens  machines,  but  the  manner  in 
which  they  are  connected  together  and  to  the  outside  cir- 
cuit is  entirely  different,  for,  instead  of  being  connected  in 
one  series  all  around  the  armature  and  to  metal  strips 
lying  side  by  side  on  the  armature  shaft,  they  are  con- 
nected in  pairs,  each  coil  being  connected  to  its  opposite. 
For  each  pair  of  coils,  there  is  a  separate  commutator  on 
the  axle,  so  that  if  there  are  eight  coils,  as  shown  in  the 
figure,  there  are  four  commutators;  and  these  commuta 
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a  trace  of  residual  magnetism  which  always  e.xists  in  a 
piece  of  iron  that  has  once  been  magnetised.  When  the 
armature  begins  to  turn,  this  residual  magnetism  causes  a 
very  slight  current  in  the  armature  and,  therefore,  in  the 


tors  being  arranged  in  pairs  with  one  set  of  brushes  to 
each  pair  there  are  two  sets  of  brushes.  The  Brush  ma- 
chine is  especially  applicable  to  working  a  large  number 
of  street-lamps  on  one  wire,  the  current  generated  being 
of  a  character  capable  of  overcoming  great  resistance,  or, 
as  it  is  usually  expressed,  having  high  electromotive  force. 
We  have  thus  far  considered  the  means  of  generating 
currents  constant  in  direction,  but  for  quite  a  large  frac- 
tion of  the  work  that  electric  machines,  or  dvnamos,  are 


F.g. 


external  wire,  but  since  the  wire  is  taken  around  the  lield 
magnets  before  leaving  the  machine,  this  slight  current 
goes  around  the  magnets  and  increases  their  magnetism. 
This  increase  causes  a  corresponding  increase  of  current 
which  in  turn  causes  another  increase  of  magnetism. 
These  effects  continue  to  react  upon  each  other  until  .the 
field  magnets  are  "saturated"  with  as  much  magnetism 
as  they  will  hold,  and  after  this  the  current  remains  con- 
stant. 

At  the  present  day,  nearly  all  the  constant-current  dyna- 
mos in  the  world  are  modifications— and  some  of  them  ex- 
tremely slight  modifications— of  the  Gramme  and  the  new 
Siemens,  but  there  is  one,  the  Brush,  which  is  quite  origi-  j 
nal  and  which  is  at  the  same  time  very  extensively  used 
and  very  efficient  and  reliable.  I 

In  the  Brush  machine  (fig.  15),  separate  coils,  mounted    I 


required  to  do,  it  is  not  necessary  that  the  currert  be  con- 
stant in  direction,  and  in  Europe  machines  giving  alter- 
nating currents  are  used  in  great  numbers  for  running  tl\e 
incandescent  lamps  employed  in  interiors,  and  some  of 
these  machines  are  very  large  and  exceedingly  etficient. 

Alternate-current  dynamos  are,  for  the  most  part,  based 
on  the  principle  illustrated  in  fig.  8  (page  504),  the  ends 
being  bodily  transported  from  a  field  in  which  the  lines 
of  force  run  in  one  direction  to  a  field  in  which  they  run 
in  the  opposite  direction,  the  direction  of  current  pro- 
duced at  any  instant  depending  upon  whether  the  lines  of 
force  are  changing  from  negative  to  positive  or  from  posi- 
tive to  negative.  In  constructing  machines  on  this  prin- 
ciple, a  number  of  coils  connected  together  but  wound  in 
opposite  directions,  as  shown  in  fig.  16,  are  mounted  so 
as  to  lie  in  the  fields  between  the  unlike  poles  of  magnets. 
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Now.  as  the  shaft  rotates,  these  coils  pass  between  the 
magnet  poles^in  succession,  and  we  can  see  that  when  any 
<;oil  is  approaching  or  receding  from,  say,  a  north  pole,  its 
two  neighbors  are  approaching  or  receding  from  two 
south  poles;  so  that  contrary  and  opposing  currents  would 


Fig.  17. 


discovered,  in  addition,  that  similar  effects  could  be  pro- 
duced if  the  magnets  were  electro-magnets,  even  if  the 
iron  coil  were  absent;  and  that  they  could  be  produced 
even  if  the  electro-magnet  and  coils  were  stationary,  but 
the  current  in  the  electro-magnet  were  made  or  broken 


be  generated  were  it  not  for  the  fact  that,  as  said  above, 
alternate  coils  are  wound  in  opposite  directions,  so  that 
the  currents  induced  in  all  the  coils  are  added  together 
and  form  one  total  current  passing  around  all  the  coils  in 
succession.  But  we  also  see  that  this  current,  passing  in 
all  the  coils,  changes  in  direction  each  time  that  the  coils 
•change  position  in  the  course  of  a  revolution  ;  so  that  if 
20  coils  revolve  between  the  poles  of  20  magnets,  the  cur- 
rent is  changed  20  times  per  revolution.  If  the  shaft  re- 
volved slowly,  say  once  per  second,  the  alternation  would 
produce  a  vibrating  light  very  unpleasant  to  the  sight ; 
but  since  the  shaft  revolves  many  times  per  second,  the 
alternations  succeed  each  other  so  rapidly  that  the  eye  is 
not  quick  enough  to  detect  any  change  whatever,  and  the 
light  appears  perfectly  steady.  The  field  magnets,  how- 
ever, must  be  excited  by  a  constant  current,  so  that  the 
poles  will  not  change,  and  to  accomplish  ihis.  it  is  usual 
to  employ  a  small  constant-current  dynamo  to  send  its  cur- 
rent around  the  field  magnets,  as  shown  in  fig.  17,  repre- 
senting a  Siemens  alternate-current  dynamo,  in  which  the 
coils  are  mounted  in  a  shait  turned  by  a  belt,  and  the  field 
magnets  are  excited  by  a  small  Siemens  constant-current 
machine  standing  in  the  foreground. 

We  now  come  to  a  system  which  has  been  used  with 
considerable  success  abroad,  and  which  is  now  being  in- 
troduced into  this  country  by  the  Westinghouse  Com- 
pany. It  is  called  the  ••  induction  system."  It  was  de\  el- 
oped into  a  practical  form  mainly  by  the  efforts  of  Messrs. 
Gaulard  and  Gibbs.  To  comprehend  this  system  it  will 
be  necessary  to  recall  Faraday's  discovery  of  the  genera- 
tion of  electric  currents  by  the  relative  motion  of  coils 
iind  magnet  poles,  and  also  to  remember  that   Faraday 


or  reversed,  the  explanation  being  simply  that  the  num- 
ber of  lines  of  force  embraced  by  the  coil  in  question 
was  changed  not  only  by  the  motion  of  the  magnet  poles 
but  also  by  any  change  in  the  strength  of  the  magnet 
pole  itself;  in  other  words,  that  the  number  of  lines  of 
force  embraced  by  a  coil  near  a  north  pole  could  be  les- 
sened, not  only  by  taking  away  the  north  pole  but  also  by 
making  the  north  pole  cease  to  be  a  pole  of  any  kind,  by 
making  it  a  south  pole.  In  the  light  of  these  experi- 
ments, induction  coils  were  constructed,  in  which  two 
separate  coils  were  wound  on  one  coil,  a  battery  being 
attached  to  one  but  not  to  the  other;  and  it  was  seen  that 


if  the  battery  current  were  made  or  broken  or  reversed  or 
changed  in  strength,  a  current  called  an  "  induced  "  cur- 
rent, would,  at  once,  traverse  the  other  coil. 

The  induction  system  of  Messrs.  Gaulard  and  Gibbs 
may  be  understood  from  fig.  18,  in  which  the  main  cur- 
rent, which  is  alternating,  goes  along  the  heavy  wire  which 
is  wrapped  around  such  a  piece  of  iron  as  shown  in  the 
figure,  another  wire  in  circuit  with  a   lamp,  or   several 
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lamps,  being  also  wound  around  each  such  piece  of  iron. 
The  alternations  of  the  main  current  induce  currents  in 
each  of  these  circuits;  but  the  main  current  itself  does 
not  enter  them  or  any  of  the  lamps.  By  this  system  it  is 
possible  to  safely  use  a  heavy  alternating  current  of  greater 
power  than  it  would  be  wise  to  use  if  it  fed  the  lamps 
direct,  for  the  main  current  can  pass  at  a  safe  distance 
from  the  lamps  of  a  house,  the  induction  coil  being  even 
outside. 

Another  system  for  furnishing  electricity  is  by  means 
of  the  secondary  battery,  or,  as  it  is  sometimes  called,  the 
"  storage  battery  "  or  "accumulator,"  the  prevailing  idea 
being  that  it  stores  up  or  accumulates  electricity  that  is  put 
into  it.  The  secondary  battery  is.  however,  merely  a  voltaic 
cell  so  composed  that  normally  it  yields  no  appreciable  cur- 
rent, but  which,  when  subjected  to  the  action  of  a  current 
of  electricity  generated  by  some  outside  source,  is  so 
changed  chemically  as  to  be  able,  after  the  removal  of 


Fig.  19. 


this  current,  to  give  oflf  a  current  of  electricity  itself  in 
the  opposite  direction. 

The  secondary  battery  in  its  simplest  form  and  as  pre- 
pared by  its  inventor,  Plantt-.  consists  of  two  plates  of  lead 
in  a  solution  of  dilute  sulphuric  acid.  In  order  to  get  a 
considerable  surface  of  lead,  Plante  rolls  two  plates  (sep- 
arated from  each  other,  of  course)  into  a  cylinder,  shown 
in  fig.  19.  Since  both  plates  are  exactly  alike,  or  as  nearly 
alike  as  possible,  little  or  no  current  will  pass  from  one 
plate  to  another  if  they  are  connected  by  a  wire,  but  if  a 
current  be  sent  through  from  the  outside  source,  a  differ- 
ent state  of  things  will  soon  be  produced.  The  action  of 
the  current  in  the  liquid  (called  electrolysis)  is  similar  to 
that  already  mentioned  in  connection  with  the  simple  vol- 
taic cell ;  it  splits  up  the  liquid,  and  the  o.xygen  resulting 
goes  to  the  plate  by  which  the  current  enters  and  attacks 
it,  forming  brown  per  o.xide  of  lead  on  its  surface;  while 
the  hydrogen  goes  to  the  other  plate,  and.  as  it  cannot  at- 
tack this  plate,  there  will  soon  be  in  the  liquid  two  sur- 
faces, pero-xide  of  lead  and  pure  lead,  which  are  so  differ- 
ent from  each  other  that,  after  the  exciting  current  has 
been  removed,  they  will  act  exactly  like  the  plates  of 
copper  and  zinc  in  a  simple  voltaic  cell  and  give  off  a  cur- 
rent when  connected  by  a  wire,  this  current  being  opposite 
in  direction  to  the  electrolyzing  current.  Coincidently 
with  the  giving  off  of  this  current,  the  brown   peroxide 


will  begin  to  combine  with  the  hydrogen  which,  as  in  the 
simple  cell,  goes  to  the  negative  pole,  and  the  peroxide 
will  gradually  become  monoxide,  while  the  pure  lead  plate 
will  be  attacked  by  the  oxygen  set  free  and  also  become 
coated  with  monoxide  of  lead.  The  sulphuric  acid  then, 
attacking  both  plates,  covers  them  with  white  sulphate  of 
lead.  Both  plates  being  now  brought  to  the  same  condi- 
tion, the  current  wilt,  of  course,  cease.  The  cell  is  then 
said  to  be  "discharged."  It  is  then  again  connected  10 
the  generator,  and  an  outside  current  is  again  sent  through 
but  in  the  opposite  direction  from  the  the  first  one.  This 
current  has,  of  course,  the  etTect  of  coating  with  brown 
peroxide  of  lead  the  plate  to  which  the  hydrogen  went 
before,  and  of  sending  hydrogen  to  the  plate  formerly  per- 
oxidized,  thus  ensuring  its  reduction  to  pure  lead  again. 
The  cell  is  then  discharged,  and  then  charged  again  in 
the  same  direction  as  at  first,  the  successive  chargings  and 
dischargings  causing  the  plates  to  be  more  and  more  eaten 
into  by  oxygen,  so  that  eventually  both  become  covered 
with  a  spongy  layer  possessing  a  very  great  amount  of 
surface.  When  layers  become  sufficiently  thick,  the  bat- 
tery is  said  to  be  "  formed  " — and  the  process  requires 
several  months.  It  will  be  understood  that,  since  the 
length  of  time  during  which  the  battery  can  furnish  a 
current  depends  on  the  amount  of  peroxide,  and  since 
this  depends  on  the  amount  of  surface  exposed,  the  ad- 
vantage of  the  porous  layers  lies  simply  in  the  fact  that 
they  possess  great  surface. 

In  order  to  shorten  the  process  of  forming,  M.  Camille 
Faure  conceived  the  idea  of  giving  both  plates  a  prelimi- 
nary coating  of  red  lead,  which  he  made  into  a  paste  and 
attached  to  them,  wrapping  the  plates  then  in  parchment 
and  in  felt.  Forming  is  then  pursued  as  before,  but  since 
red  lead  is  itself  an  oxide  of  lead,  and  as  it  is  already  in  a 
finely  divided  condition,  much  less  time  is  required  to 
produce  the  desired  state  of  things  than  when  pure  lead 
only  is  used  as  in  Plante's  cell. 

Since  Faure's  invention,  numberless  secondary  batteries 
have  been  devised,  but  they  differ  from  Plante's  and 
Faure's  only  in  details  of  construction,  the  effort  being 
mainly  to  reduce  the  weight  of  the  cell  and  to  support  the 
plates  in  such  a  way  that  they  can  be  in  a  finely  divided 
condition  and  possess  considerable  surface,  and  yet  not 
break  to  pieces  in  use.  Secondary  batteries  are  not  yet 
as  thoroughly  perfected  as  some  suppose,  but  they  are 
rapidly  improving  and  are  coming  into  extensive  use ;  and 
doubtless  their  future  is  great  for  many  purposes  where  a 
dynamo  can  not  conveniently  be  used,  as  for  running 
street  cars  in  crowded  cities. 

From  the  foregoing,  it  will  be  observed  that,  in  order 
to  obtain  a  current  from  a  dynamo,  it  is  first  necessary  to 
burn  coal  to  produce  steam,  then  to  expand  the  steam  in 
a  cylinder  to  produce  motion  in  a  steam  engine,  then  to 
connect  the  steam  engine  to  a  dynamo,  which  converts 
the  energy  of  its  mechanical  motion  into  the  electrical 
energy  of  a  current.  Now,  each  one  of  these  processes  is 
attended  by  considerable  waste,  so  that  the  whole  opera- 
tion is  not  only  complicated  but  is  so  extremely  uneco- 
nomical that  only  about  10  per  cent,  of  the  energy  of  the 
burning  coal  is  obtained  in  the  current;  and  for  this  rea- 
son electricians  have  labored  for  years  to  get  electricity 
from  coal  direct.  Their  starting  point  has  been  the  dis- 
covery of  Seebeck,  that  if  the  junctions  of  two  metals  be 
kept  at  different  temperatures,  a  current  will  result;  if 
for  instance,  a  piece  of  copper  ii-,  hg.  20)   be  placed  as 
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shown  on  a  block  of  bismuth,  a  b,  and  one  junction,  *,  be 
heated  while  the  other  a,  be  kept  cool,  a  small  current 
will  pass,  as  evidenced  by  the  deflection  of  a  pivoted  mag- 
net placed  near.  All  the  known  metals  have  been  tried, 
and  numberless  alloys,  in  the  endeavor  to  produce  a  cell 
operated  by  heat  alone,  able  to  inexpensively  generate 
currents  sufficiently  large  to  be  of  practical  use  for  work- 
ing lights  and  motors.  One  of  the  largest  of  these  t/iermo- 
eUclru  cells  is  Claniond's,  in  which  the  junctions  are 
heated,  of  large  blocks  of  alloy  with  sheets  of  iron.  The 
products  of  combustion  pass  through  flues  which  bring 


Fig    20. 


them  into  contact  witli  one  series  of  junctions,  the  other 
junctions  being  cooled  by  air.  It  is  stated  that,  with  this 
apparatus,  a  current  has  been  generated  strong  enough  to 
support  an  electric  light  of  considerable  power.  A  curious 
invention  in  this  line  is  that  of  M.  Brard,  called  an  "  elec- 
tro-generative brick."  The  brick  is  made  of  prepared 
carbon,  separated  from  nitrate  of  potash  by  a  sheet  of 
asbestos.  A  strip  of  brass  is  embedded  in  each,  and  the 
whole  is  enveloped  in  asbestos  paper,  the  brass  strips  pro- 
truding. If  the  brick  be  now  put  into  a  hot  fire,  wires 
being  attached  to  the  two  brass  strips,  a  current,  it  is  said, 
strong  enough  to  ring  a  bell,  will  circulate  in  the  wire,  and 
continue  for  about  two  hours. 

Though  the  act  of  producing  electricity  from  heat  direct 
cannot  be  said  to  have  yet  reached  the  practical  stage, 
yet  it  is  probably  the  method  of  the  future  ;  and  though 
investigators  are  now  groping  in  the  dark,  progress  is 
surely  though  slowly  being  made,  and  at  any  time  we  may 
hear  of  the  golden  discovery  which  will  render  possible 
the  safe,  cheap,  ready  and  abundant  supply  of  electricity 
to  the  world. 


RAILROAD    ACCIDENTS    IN    GREAT     BRITAIN. 

The  report  of  the  Board  of  Trade,  just  issued,  gives  the 
following  summary  of  accidents  and  casualties  reported  to 
the  Board  as  having  occurred  on  the  railroads  of  Great 
Britain  and  Ireland  during  the  si.x  months  ending  June 
30,  18S7: 

I.   ACCIDENTS  TO  TRAINS,    ETC. 

Accidents  to  trains,  rolling-stock,  permanent-way,  etc., 
caused  the  death  of  6  persons  and  injury  to  241,  as  fol- 
lows : 

. 1887. ,   . 1886. , 

Killed.  Injured.    Killed.  Injured. 

Passengers  iqs  8  324 

Servants  of  companies 6  46  3  40 

Total  6  241  II  364 

During  the  si.x  months,  there  were  reported  iS  collisions 
between  passenger  trains  or  parts  of  passenger  trains,  by 
which  64  passengers  and  9  servants  were  injured;  12  col- 
lisions between  passenger  trains  and  goods  or  mineral 
trains,  etc.,  by  which  76  passengers  and  12  servants  were 


injured;  7  collisions  between  goods  trains  or  parts  of 
goods  trains,  by  which  2  servants  were  killed,  and  2  cattle 
dealers  and  13  servants  were  injured  ;  20  cases  of  passen- 
ger trains  or  parts  of  passenger  trains  leaving  the  rails, 
by  which  i  servant  was  killed,  an  i  14  passengers  and  4 
servants  were  injured  ;  4  cases  of  goods  trains  or  pans  of 
goods  trains,  engines^ etc.,  leaving  the  rails,  by  which  3 
servants  were  killed  ;  10  cases  of  trains  running  into  sta- 
tions or  sidings  at  too  high  a  speed,  by  which  20  passen- 
gers and  2  servants  were  injured  ;  54  cases  of  trains  run- 
ning over  cattle  (during  the  six  months,  12  horses,  2  po- 
nies, 34  beasts  and  cows,  62  sheep,  4  donkeys  and  i  pig 
were  run  over  and  killed),  or  other  obstructions  on  the 
line,  by  which  3  servants  were  injured  ;  2  failures  of  engine 
machinery,  by  which  2  servants  were  injured  ;  1  failure  of 
brake  apparatus,  by  which  15  passengers  were  injured;  2 
failures  of  couplings,  by  which  i  passenger  was  injured; 
3  slips  in  cuttings  or  embankments,  by  which  i  passenger 
and  I  servant  were  injured  ;  and  I  other  accident,  by 
which  2  passengers  were  injured. 

The  following  cases  were  also  reported,  but  they  in- 
volved no  personal  injury  :  r  case  of  a  train  traveling  in 
the  wrong  direction  through  points;  24  cases  of  trains 
running  through  gates  at  level  crossings  ;  421  failures  of 
tires;  127  failures  of  axles;  1  failure  of  a  bridge;  132 
broken  rails  ;  i  case  of  flooding  of  the  permanent-way  ; 
3  fires  on  trains;  and  2  fires  at  stations  or  involving  in- 
jury to  bridges  or  viaducts. 

Of  the  421  tires  which  failed,  7  were  engine  tires,  3  were 
tender  tires,  4  were  carriage  tires,  16  were  van  tires,  and 
392  were  wagon  tires ;  of  the  wagons,  290  belonged  to 
owners  other  than  tlie  railway  companies  ;  361  tires  were 
made  of  iron,  and  60  of  steel;  13  of  tne  tires  were  fastened 
to  their  wheels  by  Gibson's  patent  method,  17  byMansell's 
and  2  by  Beattie's,  none  of  which  left  their  wheels  when 
they  failed-;  and  3  by  other  methods,  one  of  which  left  its 
wheel  when  it  failed;  21  tires  broke  at  rivet-holes,  6  at 
the  weld,  77  in  the  solid,  and  317  split  longitudinally  or 
bulged. 

Of  the  127  Uxles  which  failed.  74  were  engine  axles,  68 
crank  or  driving,  and  six  leading  or  trailing;  ii  were 
tender  axles,  2  were  carriage  a.xles,  37  were  wagon  a.xles, 
and  3  were  salt-van  axles.  Of  the  wagons  22,  including 
the  salt-vans,  belonged  to  owners  other  than  the  railway 
companies.  Of  the  68  crank  or  driving  axles,  41  were 
made  of  iron  and  27  of  steel.  The  average  mileage  of  40 
crank  or  driving  axles  made  of  iron  was  219.669  miles. 

Of  the  132  rails  which  broke,  53  were  double-headed, 
78  were  single-headed,  and  one  was  of  the  bridge  pattern ; 
of  the  double-headed  rails  29  had  been  turned  ;  22  rails 
were  made  of  iron  and  1 10  of  steel. 

II.   ACCIDENTS   TO    PERSONS   NOT   EMPLOYES. 

Of  the  194  persons  killed  and  429  injured  in  this  di- 
vision, 42  of  the  killed  and  331  of  the  injured  were  pas- 
sengers. Of  the  latter,  10  were  killed  and  14  injured  by 
falling  between  carriage?  and  platforms,  6  being  killed 
and  7  injured  when  getting  into,  and  4  killed  and  7  in- 
jured when  alighting  from  trains  ;  7  were  killed  and  232 
injured  by  falling  on  to  platforms,  ballast,  etc.,  i  being 
killed  and  27  injured  when  getting  into,  and  6  killed  and 
205  injured  when  alighting  from  trains;  11  w^ere  killed 
and  9  injured  whilst  passing  over  the  line  at  stations  ;  37 
were  injured  by  the  closing  of  carriage  doors ;  i  was  killed 
and  7  were  injured  by  falling  out  of  carriages  during  the 
traveling  of  trains;  and  13  were  killed  and  32  injured 
from  other  causes.  There  were  26  persons  killed  and  14 
injured  whilst  passing  over  railways  at  level-crossings,  12 
being  killed  and  11  injured  at  public  level-crossings,  9 
killed  and  3  injured  at  occupation  crossings,  and  5  killed 
at  foot  crossings.  There  were  79  persons  killed  and  46 
injured  when  trespassing  on  the  railways ;  32  persons 
committed  suicide  on  railways  ;  and  of  other  persons  not 
specifically  classed,  but  mostly  private  people  having 
business  on  the  companies'  premises,  15  were  killed  and 
38  injured. 

III.   ACCIDENTS  TO   EMPLOYES. 

During  the  six  months,  there  were  214  servants  of  com- 
panies or  contractors  reported  as  having  been  killed  and 
920  injured,  in  addition  to  those  included  in  Division  i. 
Of   these,    20   were    killed    and    109  injured  while  coup- 
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ling  or  uiK-oupliiiK  vilucles ;  2  were  killed  and  12  in- 
jured by  coming  in  contact,  whilst  riding  on  vehicles 
during  shunting  with  other  vehicles,  etc.,  standing  on 
adiacent  lines  ;  2  were  injured  whilst  riding,  passing  over 
or'standing  upon  butlers  during  shunting;  11  were  killed 
and  72  injured  in  getting  on  or  off,  or  by  falling  off  en- 
gines, wagons,  etc.,  during  shunting  ;  3  were  killed  and  49 
iniured  whilst  breaking  spragging  or  chocking  wheels; 
6  were  killed  and  38  injured  whilst  attending  to  ground- 
points,  marshaling  trains,  etc.;  3  were  killed  and  90  in- 
jured whilst  moving  vehicles  by  capstans,  turn-tables, 
props,  etc.,  during  shunting;  and  16  were  killed  and  169 
injured  by  various  otheraccidents  during  shunting  opera- 
tions; 9  were  killed  and  34  injured  by  falling  off  engines, 
etc.,  during  the  traveling  of  trains  ;  2  were  killed  and  8 
injured  by  "coming  in  contact  with  over-bridges  or  erec- 
tions on  the  sides  of  the  line  during  the  traveling  of  tniins  ; 
6  were  killed  and  45  injured  whilst  getting  on  or  off  en- 
gines, vans,  etc.,  during  the  traveling  of  trains  ;  4  were 
killed  and  73  injured  whilst  attending  to,  or  by  the  failure 
of,  machinery,  etc.,  of  engines  in  steam  ;  62  were  killed 
and  58  injured  whilst  working  on  the  permanent-way. 
sidings,  etc.;  2  were  injured  whilst  attending  to  level 
crossing  gates  ;  45  were  killed  and  58  injured  whilst  walk- 
ing, crossing  or  standing  on    the  line  on  duty;  3  were 


injured  whilst  attending  to  stationary  engines  in  sheds; 
24  injured  by  being  trampled  on  or  kicked  by  horses;  2 
killed  and  238  injured  whilst  working  on  the  line  or  in 
sidings;  and  i  killed  and  128  injured  from  various  other 
causes.  Of  other  persons,  most  of  whom  were  transacting 
business  on  the  companies'  premises,  7  were  killed  and  82 
injured,  making  a  total  in  this  classof  accidentsof  21  per- 
sons killed  and  1.9:11  injured. 

Thus  the  total  number  of  personal  accidents  reported  to 
the  Board  of  Trade  by  several  railway  companies  during 
the  si.x  months  amounts  to  435  persons  killed  and  3,491 
injured. 


The  Spanish  Cruiser  "  Reina  Regente." 
(From  the  London  Enj^ineer.) 

The  accompanying  engravings  show  the  salient  points 
of  the  new  cruiser  Reina  Regente  recently  completed  by 
Messrs.  Thomson,  of  Clydebank,  for  the  Spanish  Govern- 
ment. 

The  principal  dimensions  are  as  follows  :  Length  on 
water  line,  317  ft.;  breadth,  50  ft.  7  in.;  depth,  molded,  32 


PROTECTIVe 

killed  and  22  injured  by  being  caught  between  vehicles; 
4  were  killed  and  21  injured  by  falling  or  being  caught 
between  trains  and  platforms,  walls,  etc.;  iS  were  killed 
and  14  injured  whilst  walking,  etc.,  on  the  line  on  the  way 
home  or  to  work  ;  and  44  were  injured  from  various  other 
causes. 

SU.MMARY. 

.Altogether,  the  number  of  persons  killed  and  injured  on 
railways  in  the  United  Kingdom  in  the  course  of  public 
traffic  during  the  si.x  months  ending  June  30,  as  reported 
to  the  Board  of  Trade,  was  as  follows  : 


Passengers : 

From  accidents  to  trains, 
stock,  permanent-way. 

By  accidents  from  other 
Servants  of  companies  or 

From  accidents  to  trains, 
stock,  permanent-way, 

By  accidents  from  other  ( 
Persons  at  level-crossings. 
Trespassers  (including  suic 
All  persons  not  classed  abo 

Total 


Qjured.     Killed. 


IV.    MISCELLANEOUS   ACCIDENTS. 

In  addition  to  the  above,  the  railway  companies  have 
reported  to  the  Board  of  Trade,  in  pursuance  of  Section  6 
of  the  Regulation  of  Railways  Act,  1871,  the  following 
accidents  which  occurred  upon  their  premises,  but  in 
which  the  movement  of  vehicles  used  exclusively  upon 
railways  was  not  concerned,  namely:  2  passengers  killed 
and  6g  injured  whilst  ascending  or  descending  steps  at 
stations;  10  injured  by  being  struck  by  barrows,  falling 
over  packages,  etc..  on  station  platforms;  16  injured  by 
falling  off  platforms;  and  1  killed  and  35  injured  from 
other  causes.  Of  servants  of  companies  or  contractors 
433  injured  whilst  loading,  unloading  or  sheeting  wagons  ; 
I  killed  and  126  injured  whilst  moving  or  carrying  goods 
in  warehouses,  etc.;  i  killed  and  74  injured  whilst  work- 
ing at  cranes  or  capstans;  i  killed  and  156  injured  by  the 
falling  of  wagon  doors,  lamps,  bales  of  goods,  etc.;  182  in- 
jured by  falling  off,  or  when  getting  on  or  off  stationary 
engines  or  vehicles;  4  killed  and  125  injured  by  falling  off 
platforms,  ladders,  scaffolds,  etc.;  i  killed  and  1 10  injured 
by  stumbling  whilst  walking  on  the  line  or  platforms  ;  93 


ft.  6  in.;  normal  displacement,  4,800  tons  ;  deep  load  dis- 
placement, 5,600  tons.  This  vessel  was  designed  by 
Messrs.  Thomson  in  competition  with  several  other  ship- 
building firms  of  this  and  other  countries,  in  reply  to  an 
invitation  of  the  Spanish  Government  for  a  cruiser  of  the 
first  class.  The  design  submitted  by  the  builders  of  the 
Reina  Rt^enle  was  accepted,  and  the  vessel  was  con- 
tracted to  be  built  in  June  of  last  year.  The  principal 
conditions  of  the  contract  were  as  follows:  The  ship  to 
steam  at  a  speed  of  20ji  knots  for  four  runs  on  the  mile, 
and  for  two  hours  continuously  afterward.  She  was 
further  to  be  capable  of  steaming  for  six  hours  continu- 
ously at  a  speed  of  i8|i  knots,  without  any  artificial 
means  of  producing  draft.  She  was  also  to  be  capable  of 
steaming  a  distance  of  at  least  5,700  knots  for  500  tons  of 
coal,  at  some  speed  over  10  knots,  to  be  chosen  by  the 
builders.  Over  the  length  of  her  machinery  and  maga- 
zine spaces  she  was  to  have  a  sloping  deck  extending  to 
6  It.  below  the  water-line  at  the  side,  and  formed  of  plates 
4^4  in.  thick.  This  deck  was  to  extend  to  about  i  ft. 
above  the  water-line,  and  the  flat  part  to  be  3's  in.  thick. 
Beyond  the  machinery  and  magazinespaces,  the  deck  was 
to  be  gradually  reduced  to  3  in.  thick  at  the  ends.  This 
deck  is  intended  to  protect  the  vitals  of  the  ship,  such  as 
boilers,  engines,  powder  magazines,  steering  gear,  etc., 
from  the  effects  of  shot  and  shell,  but  the  floating  and  sta- 
bility-maintaining power  of  the  ship  was  to  be  dependent 
upon  a  similar  structure  raised  above  this  protective  deck 
10  a  height  of  about  5  ft.  above  the  water.  This  struc- 
ture is  covered  by  a  water-tight  deck,  known  as  the  main 
deck  of  the  ship.'on  which  the  cabins  and  living  spaces 
are  arranged.  The  space  between  the  main  and  protec- 
tive deck  is  divided,  as  may  be  seen  by  reference  to  the 
protective-deck  plan,  into  many  strong,  water-tight 
spaces,  most  of  which  are  not  more  than  about  500  ft.  ca- 
pacity. The  spaces  next  to  the  ship's  side  are  principally 
coal  'bunkers,  and  may,  therefore,  exclude  largely  any 
water  that  should  enter.  The  first  line  of  defense  is 
formed  inside  these  coal  bunkers  by  a  complete  girdle  of 
cotTerdams.  which  can  be  worked  from  the  main  deck. 
Tiicse  it  is  intended  to  fill  with  water  and  cellulose  ma- 
tenal.  and  as  they  are  also  minutely  sub-divided,  the 
effects  of  damage  by  shot  and  consequent  flooding  may 
be  localized  to  a  considerable  extent.  The  guns  of  the 
sh  p  are  to  consist  of  four  20-centimeter  Honlorio  breech- 
loading  guns   on   Vavasseur  carriages,  six    12-centimetre 
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guns,  eight  6-pounder  rapid  firing,  and  eight  or  ten  small 
guns  for  boats  and  mitrailleuse  purposes,  four  of  which 
are  in  the  crow's-nests  at  the  top  of  the  two  masts  of  the 
ship.  We  may  remark  in  passing  that  the  builders  saw 
their  way  at  an  early  period  of  the  construction  to  suggest 
an  addition  to  the  weight  of  the  large-sized  guns,  and 
there  will  actually  be  on  thesliip  four  24-ceiitimcter  guns 
instead  of  four  2o-CL'ntimeter.  The  vessfl  was  to  carry 
five  torpedo  tubes,  two  forward  in  the  bow,  one  in  each 
broadside,  and  one  aft;  all  these  tubes  to  be  fi.xed.  To 
fulfill  the  speed  condition,  four  boilers  were  necessary  and 
two  sets  of  triple-expansion  engmes,  capable  of  develop- 
ing in  all  12,000  H.  P. 

Now  that  the  vessel  has  been  completely  tried,  the 
promises  by  the  builders  may  be  compared  with  the  re- 
sults determined  by  the  Commission  of  Spanish  officers 
appointed  by  the  Government  of  Spain  10  say  whether 
the  vessel  fulfilled  in  all  respects  the  conditions  laid  down 
in  the  contract.  The  mean  speed  attained  for  the  two 
hours' run  was  20.6  knots,  as  compared  with  20.5  guaran- 
teed, but  this  speed  was  obtamed  with  11,500  If.  P.  in- 
stead of  the  12,000  which  the  machinery  is  capable  of  de- 
veloping. The  officers  of  the  Spanish  Commission  were 
an.xious  not  to  have  the  vessel's  machinery  pressed  be- 
yond what  was  necessary  to  fulfill  the  speed  conditions  of 
the  contract  ;  but  they  saw  enough  to  warrant  them  in 
e.xpressing  their  belief  that  the  vessel  can  easily  do 
twenty-one  knots  when  required,  and  she  actually  did  this 
for  some  time  during  the  trial.  During  the  natural-draft 
trial  the  ves.-el  obtained  a  mean  speed  of  1S.68  knots,  on 
an  average  of  94V  revolutions— the  forced  draft  having 
been  done  on  an  average  of  los/j  revolutions.  The  con- 
sumption trial,  which  lasted  12  hours,  was  made  to  deter- 
mine the  radius  of  action,  when  the  ship  showed  that  at  a 
speed  of  11.6  knots  she  could  steam  a  distance  of  5,900 
knots.  Further  trials  took  place  to  test  the  evolutionary 
powers  of  the  vessel,  though  these  trials  were  not  specified 
in  the  contract. 

The  vessel,  as  may  be  seen  from  the  engravings,  is 
fitted  with  a  rudder  of  a  new  type,  known  as  Thomson  & 
Biles'  rudder,  with  which  it  is  claimed  that  all  the  advan- 
tage of  a  balanced  rudder  is  obtained,  while  the  ship  loses 
the  length  due  to  the  adoption  of  such  a  rudder.  It  is 
formed  in  the  shape  of  the  hull  of  the  vessel,  and  as  the 
partial  balance  of  the  lower  foreside  gradually  reduces  the 
strains,  the  rudder- head  may  be  made  of  very  great  ser- 
vice. As  a  matter  of  fact  this  rudder  is  230  ft.  in  area, 
and  is  probably  the  largest  ludder  fitted  to  a  warship.  The 
efficiency  of  it  was  shown  in  the  turning  trials,  by  its 
being  able  to  bring  the  vessel  round,  when  going  at  about 
19  knots,  in  half  a  circle  in  i  minute  23  seconds,  and  a 
complete  circle  in  2  minutes  55  seconds,  the  diameter  of 
the  circle  being  350  yards.  This  result,  we  believe,  is  un- 
rivalled, and  makes  this  vessel  equal  in  turning  capabili- 
ties to  many  recent  warships  not  much  more  than  half 
her  length. 


The  New  Spanish  Torpedo-Boats. 

(From  the  London  Engineering.) 

The  accompanymg  engravings  are  illustrations  of  two 
torpedo-boats,  the  Azor  and  the  Halcon,  which  have 
lately  been  built  for  the  Spanish  Government  by  Messrs. 
Yarrow  &  Co.,  of  Poplar. 

These  boats  are  e.xactly  alike  in  all  respects  ;  they  are 
135  ft.  long  by  14  ft.  beam,  being  of  the  same  general 
dimensions  as  the  No.  80  torpedo-boat,  lately  completed 
by  the  same  firm  for  the  Admiralty,  which  is  the  largest 
and  fastest  torpedo-boat  in  the  British  Navy. 

The  general  arrangement  of  these  boats  is  so  well 
shown  in  the  illustrations  as  to  need  but  little  description. 
The  engines  are  of  the  triple-compound  type,  capable  of 
indicating  1,550  H.  P.,  steam  being  supplied  by  one  large 
locomotive  boiler,  which  is  in  accordance  witfi  the  usual 
practice  of  the  makers  ;  as,  by  using  a  single  boiler,  great 
simplification  of  the  machinery  is  secured,  and  less  room 
is  occupied  than  if  two  boilers  were  used.  While  in  some 
torpedo  boats  there  has  been  trouble  with  the  locomo- 


tive type  of  boiler,  it  is  a  fact  that  Yarrow  it  Co.  have 
already  constructed  a  great  number  of  locomotive  boilers 
of  the  e.xceptional  size  adopted  in  these  Spanish  boats, 
and  they  have  turned  out  perfectly  satisfactory  in  every 

'    respect  in  actual  service. 

The  forward  part  of  the  boat  is  provided  with  two  tor- 
pedo-ejecting  tubes,   as    usual;    near  the  stern,  on  deck, 

1  it  is  proposed  to  erect  turn-tables,  with  two  torpedo-guns 
for  firing  over  the  sides,  a  plan  already  adopted  by  several 
governments. 

The  trials  of  the  A~or  took  |)lace  about  two  months  ago, 
giving  a  speed  (luring  a  run  of  2,34    hours  of  24  knots  an 

I  hour,  with  a  load  of  17  tons  on  board.  Since  her  trial  she 
has  steamed  out  to  Spain,  having  met  during  a  portion  of 
the  voyage  with  very  bad  weather,  when  her  sea-going 
qualities  were  found  to  be  admirable. 

The  Halcon,  whose  official  trials  took  place  recently, 
obtained  a  speed  of  23.5  knots  an  hour,  carrying  a  load  of 
17  tons.  She  is  now  being  pushed  forward  to  completion, 
and  will  leave  for  Spain  in  a  week  or  two.  It  may  be  re- 
marked that  a  speed  of  24  knots  in  a  boat  only  135  tt. 
long,  under  the  Spanish  conditions  of  trial,  is  by  far  the 
best  result  that  has  ever  been  attained  in  a  vessel  of  these 
dimensions.  There  is,  however,  no  doubt  that  a  still  higher 
speed  would  have  been  obtained,  had  the  length  of  the 
boat  been  greater  ;  but  the  authorities  desired  to  keep 
within  the  smallest  possible  dimensions,  so  as  to  expose 
as  small  an  area  as  practicable  to  the  fire  of  an  enemy,  it 
being  clearly  evident  that  this   is  a  consideration  of  the 

1    first  importance  in  an  unprotected  war  vessel. 

I  In  conclusion,  we  would  add  that  the  hulls  of  these  two 
Spanish  boats  are  of  much  greater  strength  of  construc- 
tion than  is  usually  adopted  in  torpedo-boats,  it  having 

I  been  found  that  strength  sutficient  for  actual  service  has 
often  been  injudiciously  sacrificed  for  the  sake  of  obtain- 
ing exceptional  speeds.  Judging  from  the  numerous 
accidents  which  look  place  at  the  recent  trials  off  Port- 
land, we  have  no  doubt  that  in  the  future  our  naval  au- 
thorities will  be  quite  ready  and  willing  to  sacrifice  a 
little  speed  to  obtam  vessels  which  are  most  trustworthy. 
The  necessity  for  this,  we  are  convinced,  will  be  conclus- 
ively shown,  if  ever  torpedo-boats  are  engaged  in  actual 
warfare,  not  only  as  regards  strength  of  hull,  but  also  as 
regards  the  machinery. 

It  must  be  admitted  that  the  engines  and  other  ma- 
chinery at  present  used  in  this  class  of  boats  can  only  be 
handled  successfully  by  men  of  exceptional  skill  and 
training;  and  in  time  of  war  such  men  could  not  readily 
be  procured. 


THE  NEW  AND  THE  OLD  NAVY. 

We  give  below  in  condensed  form  a  number  of  notes 
from  various  sources  in  relation  to  the  new  ships  and  guns 
for  the  Navy,  and  other  naval  matters  : 

THE   NEW   TORPEDO-BOAT. 

The  bids  for  the  construction  of  a  new  torpedo-boat 
were  opened  at  the  Navy  Department,  November  i.  The 
bids  were  two  in  number,  one  from  the  Vulcan  Iron 
Works,  of  Chicago,  at  S84.800,  the  other  from  the  Herres- 
hoff  Manufacturing  Company,  of  Bristol,  R.  I.,  atSS2,75o. 

This  vessel  is  to  be  of  the  best  and  most  modern  de- 
sign ;  to  be  constructed  of  domestic  steel,  and  to  have 
the  highest  attainable  speed.  Premiums  will  be  paid  at 
the  rate  of  §1,500  for  each  quarter  knot  in  excess  of  23 
knots,  and  including  24  knots;  $2,000  for  each  quarter 
knot  in  excess  of  24  knots.  Should  the  speed  fall  below 
22  knots  a  penalty  of  $4,000  will  be  enacted,  and  if  below 
20  knots  the  Department  reserves  the  right  to  reject  the 
boat.  The  trial  is  to  consist  of  a  continuous  run  of  three 
hours'  duration  in  smooth  watei. 

The  approximate  length  of  the  boat  is  135  ft.;  beam,  15 
ft.;  depth  under  spar  deck,  6  ft.  2  in.;  draft  forward,  2  ft.; 
aft,  5  ft.  2  in.;  displacement  at  load  water  line,  about  100 
tons.  It  is  to  have  a  ram  bow,  and  the  stern  is  to  be 
adapted  to  twin  screws.  The  deck  is  to  be  elliptically 
curved,  and  is  to  have  a  maximum  rise  of  not  more  than 


561 


THE     RAILROAD     AND 


[  December,  1887, 


2  ft.  4  in.  at  the  greatest  breadth  of  beam.  There  are  to 
be  two  conning  towers,  placed  appro.ximately  30  ft.  from 
the  bow  and  30  ft.  from  the  stern  respectively.  From  the 
forward  conning  tower  to  the  stem  of  the  boat  the  deck 
is  to  assume  the  form  of  a  whale-back,  so  as  to  complete- 
ly enclose  and  cover  two  torpedo-launching  tubes.  The 
main  engines  are  to  consist  of  two  sets  of  compound 
triple-e.xpansion  condensing  engines,  with  direct  connec- 
tion to  propeller-shafts,  with  separate  engines  for  working 
the  circulating  and  air  pumps. 

COAST    DEFENSE. 

As  noted  last  month,  the  Naval  Board  on  Coast 
Defense  has  nearly  completed  its  report.  As  then  indi- 
cated this  report  will  recommend  a  system  of  defense  con- 
sisting of  monitors  supported  by  au.xiliary  craft,  such  as 
rams  and  torpedo-boats.  The  Board  has  found  that  the 
$2,000,000  appropriated  by  Congress  for  this  purpose  will 
be  suflicient  to  establish  at  least  one  unit  of  the  system. 
The  monitor  J//j///(>«ow()// has  been  selected  as  the  ves- 
sel which  will  be  center  of  the  unit,  and  she  will  be  aided 
with  several  fleet  rams  which  in  turn  will  be  accompanied 
and  protected  by  small,  speedy  torpedo-boats  and  fish 
torpedoes.  If  this  unit  should  be  found  to  work  har- 
moniously and  efficiently  the  system  can  be  indefinitely 
e.ttended  from  year  to  year  without  requiring  a  great  ex- 
penditure at  one  time. 

One  important  point,  remaining  unsettled,  however, 
concerns  the  auxiliary  craft.  The  rams  brought  before 
the  Board  are  of  two  general  classes.  The  first  class  is  a 
type  of  heavy  ram  intended  to  crush  in  the  side  of  a  ship 
by  a  powerful  blow.  The  second  class,  which  meets  with 
more  favorable  consideration  at  the  hands  of  the  Board, 
includes  what  is  known  as  the  Berdan  system^  These 
rams  are  double-ended,  have  ferryboat  bows,  so  as  to  pre- 
vent the  submarine  ram  trom  being  twisted  oK  when  an 
enemy  is  struck  at  an  angle,  and  being  equipped  with  pro- 
pellors  at  each  end  are  capable  of  turning  as  on  a  pivot. 
They  are  also  equipped  with  diving  torpedoes  attached 
to  cables,  so  as  to  swing  up  and  explode  beneath  a  vessels 
bottom,  regardless  of  the  net  now  relied  upon  as  a  protec- 
tion against  torpedoes. 

THE   NEW   CRUISERS. 

Work  on  the  Charleston  at  the  Union  Iron  Works  in 
San  Francisco  is  now  well  advanced.  The  vessel  is 
framed  and  has  received  the  outside  plating  up  to  the 
protective  deck,  and  the  water-tight  bulkheads  have  been 
put  in  the  hull. 

The  material  for  cruiser  No.  5,  which  is  to  be  built  at 
the  same  yard,  has  been  ordered,  and  work  will  soon  be 
begun. 

NAVAL   ORDNANCE. 

The  Chief  of  the  Naval  Bureau  of  Ordnance,  Commo- 
dore Montgomery  Sicard,  presents  the  following  estimates 
for  the  fiscal  year  ending  June  30,  1889:  General  expenses, 
Si. 122, 225;  toward  the  armament  of  vessels  authorized, 
82,000,000.  Of  the  cannon  for  the  Chicago.  Boston,  Atlanta 
and  Dolphin,  there  remain  incomplete  but  six.  which  will 
all  be  completed  in  a  few  months.  Contracts  have  been 
made  for  78  other  forgings  for  the  6-in.  gun.  4  for  the  8- 
in..  24  for  the  10  in.  and  2  for  the  12-in.  Those  for 
the  6-in.  are  beginning  to  come  in  and  will  be  taken  in 
hand  at  once.  The  Bethlehem  Iron  Company  will  be 
prepared  to  deliver  by  August  1,  1S88,  when  it  is  expected 
that  the  supply  for  large  ar.d  small  forgings  will  be  am- 
ple. The  6-in.  and  8-in.  calibers  nave  stood  satisfactorily 
and  statutory  test  for  guns,  carriages,  and  equipments,  ib 
rounds    for  each  caliber. 

The  guns  of  the  Atlanta  and  Boston  have  been,  besides, 
fired  a  large  number  of  times  in  ranging  and  in  practical 
tests,  etc.  No  defects  have  been  developed.  The  two 
8-in.  guns  of  the  AuAw  have  been  finished  and  proved. 
They  are  hooped  to  the  muzzle,  and  are  fine  specimens  of 
work  The  8-in.  guns  of  the  Chicago  are  being  machined 
by  the  South  Boston  Iron  Works  a"nd  by  the  West  Point 
Foundry  Association,  two  at  each  place.  One  lo-in.  gun 
has   been    finished  and    mounted    for   proof:  another  is 


nearly  finished,  and  a  third  has  been  commenced  at  the 
Washington  yard,  from  io;2-in.  English  forgings,  intended 
for  the  Puritan. 

The  Duponts  have  not  yet  fully  succeeded  in  develop- 
ing a  powder  suitable  for  use  in  the  chamber  of  the  S-in. 
gun,  though  they  have  submitted  a  satnple  from  which  an 
order  has  been  given  for  a  supply  for  the  8-in.  guns  of  the 
Boston  and  Chicago,  There  is  also  a  supply  for  a  trial  of 
the  lo-in.  gun  as  soon  as  it  is  mounted  and  no  serious 
trouble  in  obtaining  powder  for  the  10-in.  gun  is  antici- 
pated. No  deterioration  in  the  American  brown  powder 
has  been  noticed  thus  far,  and  it  is  hoped  it  may  prove  to 
have  good  keeping  qualities,  though  a  greater  length  of 
time  and  service  is  necessary  in  order  to  settle  this. 

The  manufacture  of  cast-iron  projectiles  continues,  but 
little  or  no  success  has  attended  the  attempt  to  secure 
those  of  cast-steel,  nearly  all  the  castings  being  more  or 
less  porous.  A  few  armor-piercing  shells  have  been  pur- 
chased from  the  St.  Chamond  Company  in  France.  The 
Chrome  Steel  Company,  of  Brooklyn,  N.  Y.,  has  made  a 
number  of  very  good  6-in.  armor-piercing  shell  forgings, 
but  those  attempted  for  the  8-in.  were  not  so  good.  It  is 
hoped  that  other  attempts  will  be  more  successful. 

The  bid  for  steel  cast  guns  has  not  been  acted  on.  The 
report  refers  to  the  establishment  of  a  factory  for  making 
Hotchkiss  guns  in  this  country  ;  also  to  the  necessity  of 
more  money  for  the  armament  of  the  new  ships. 

At  the  Washington  gun  factory,  the  foundations  for  the 
40-ton  crane  supports  have  been  mostly  laid. 

The  excavation  for  the  foundation  of  the  large  gun 
shop  is  three-fourths  completed,  and  the  material  for  its 
construction  has  been  advertised  for  and  some  of  it  de- 
livered. 

The  traveling  cranes  are  advertised  for,  and  the  machine 
tools  will  be  speedily. 

The  naval  proving  ground  has  continued  to  do  satisfac- 
tory work,  and  more  money  is  needed  for  it.  No  success 
has  thus  far  attended  the  selection  of  a  new  site.  The 
ground  is  preparing  for  the  test  of  the  Clark  deflective 
target.  The  neighborhood  of  the  town  and  other  build- 
ings and  the  proximity  of  two  lighthouses  to  the  range 
make  it  necessary  to  provide  very  fully  for  the  confine- 
ment of  the  shot  within  the  shelter  to  be  erected  about 
the  target.  Great  care  will  be  observed  in  this  matter, 
and  it  is  thought  that  no  danger  will  ensue  from  the  trial. 

Many  plans  and  designs  of  torpedoes  have  been  sub- 
mitted, and  some  are  under  examination  and  trial.  There 
is  much  need  of  a  special  vessel,  which  could  be  used 
both  for  experimental  purposes  and  as  a  training  ship. 

THE  GENERAL  CONDITION  OF  THE  NAVY. 

In  his  annual  report  to  the  Secretary  of  the  Navy, 
Admiral  Porter  points  out  various  defects  in  the  navy  reg- 
ulations which  render  them  in  some  cases  almost  unin- 
telligible, and  suggests  that  a  board  be  created  to  revise 
them.  He  alludes  to  the  high  ability  necessary  for  oflicers 
of  the  Engineer  Corps,  on  which  depends  the  efficiency 
of  ships  of  war,  and  regards  it  as  hardly  within  the  bounds 
of  possibility  that  any  one  man  can  be  a  good  line  oflicer, 
engineer  and  marine  oflicer.  No  man  can  gain  a  suffi- 
cient knowledge  of  the  nautical  part  of  his  profession  by 
passing  half  of  his  time  in  the  engine-room  and  the  other 
half  on  deck.  The  Admiral  says  it  would  be  as  difficult 
efficiently  to  combine  the  duties  of  line  officer  and  en- 
gineer as  to  mix  oil  and  water,  and  holds  that  the  education 
of  an  engineer  can  only  be  secured  by  special  training. 

In  considering  the  question  of  coast  defenses,  the 
Admiral  states  that  the  following  harbors  are  entirely  de- 
fenseless against  a  single  iron-clad:  New-York,  Boston, 
San  Francisco,  lake  ports,  Hampton  Roads  and  Norfolk, 
New  Orleans,  Philadelphia,  Washington.  Baltimore.  Port- 
land. Me.,  Rhode  Island  ports.  Key  West,  Charleston, 
Mobile,  Savannah,  Galveston,  Pensacola,  Wilmington,  N. 
C.  San  Diego,  Cal.,  Portsmouth,  N.  H.,  to  say  nothing 
of  many  other  places  of  greater  or  less  importance.  Two 
heavy  iron-clads  could  begin  at  the  easternmost  point  and 
proceed  alon.;  the  coast  to  Texas,  having  them  all  under 
contribution.  In  time  of  war,  says  the  Admiral,  the  tor- 
pedo system  will  be  useless  for  defense  in  the  absence  of 
proper   fortifications   and   guns.      For   the  event  of  war 
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we  are  no  more  prepared  than  we  were  a  year  ago,  al- 
though we  have  made  a  bej;inninf;  simply  to  repair  the 
waste  in  our  navy  for  the  past  25  years.  In  the  opinion  of 
the  Admiral,  the  lirst  step  toward  the  protection  of  the 
coast  should  be  the  construction  of  a  squadron  of  heavy 
iron-clads  that  could  be  ready  at  a  week's  noiice  to 
anchor  off  shore  and  resist  an  approaching  enemy.  If  de- 
feated, this  force  could  retire  to  the  protection  of  the 
forts,  where,  united,  they  could  offer  more  than  twice 
the  resistance  they  could  otTer  singly.  The  Admiral  ar- 
gues at  length  in  favor  of  subsidies  for  shipping,  and 
points  to  the  success  of  the  system  in  England.  Ger- 
many and  France. 

Touching  the /lason/u-/ ol  the  Navy,  he  says  it  requires 
the  most  careful  re-organization,  and  means  should  be 
adopted  to  infuse  new  life  into  it.  As  refards  promotion, 
the  service  is  at  a  standstill.  Many  officers  who  are  En- 
signs should  be  Lieutenants,  Lieutenants  should  be  Lieu- 
tenant-Commanders, the  latter  should  be  Commanders, 
and  Commanders,  Captains.  A  Captain  should  be  able  to 
reach  the  grade  of  Kear-Admiral  by  the  titne  he  attains 
the  age  of  52  years,  so  that  the  Governmeni  could  obtain 
some  service  from  him  in  that  grade.  Under  present  cir- 
cumstances it  often  happens  that  an  officer  goes  upon 
the  retired  list  as  soon  as  he  is  promotei  to  the  grade  of 
Rear-.\dmiral.  having  attained  the  age  of  62  years.  No 
officers  should  be  over  40  years  of  age  when  commissioned 
a  Captain  or  35  when  promoted  Commander.  The 
officers  in  the  lower  grades  should  be  young  men  in 
robust  health,  active  and  energetic,  to  enable  them  to 
perform  the  varied  duties  of  their  profession,  and  should 
not  be  allowed  to  remain  too  long  without  promotion.  A 
law  providing  that  commissioned  officers  of  the  Navy, 
with  good  records,  be  allowed  to  retire  from  active  duty 
after  30  years'  service,  with  promotion  to  the  next  higher 
grade,  would  afford  a  great  relief  and  help  bring  about  a 
more  rapid  promotion,  so  that  in  the  course  of  a  few  years 
we  might  e.xpect  to  see  a  more  hopeful  feeling  among  the 
younger  officers.  The  older  ones  have  the  goal  of  their 
ambition  in  sight  and  may  hope  ultimately  to  reach  it. 
but  to  the  youngers  ones,  at  the  present  time,  the  prospect 
is  not  cheering.  Some  of  the  more  aspiring  are  seeking 
in  private  emplovment  the  advancement  they  fail  to  re- 
ceive in  the  Navy. 

THE   OLD    N.AVY. 

Commodore  T.  D.  Wilson.  Chief  of  the  Bureau  of  Con- 
struction and  Repairs,  has  submitted  his  annual  report 
to  the  Secretary  of  the  Navy.  In  view  of  the  additional 
duties  devolving  upon  the  Bureau  in  connection  with 
the  designing  and  building  of  new  vessels,  heasksthat  an 
Assistant  Chief  of  the  Bureau  be  authorized  by  law.  He 
renews  his  recommendation  that  two  new  vessels  of  about 
i.ooo  tons  each  be  built  to  replace  the  training  ships 
Saraloga,  Jaincstoivn  and  Portsmouth,  which  cannot 
possibly  be  kept  in  service  much  longer,  and  he  asks  that 
special  authority  be  given  for  the  repair  of  the  historic 
sloop-of-war  Hartford  2x2.  cost  of  Si75.030-  Relative  to 
the  adaptability  of  the  single-turreted  monitors  to  coast 
and  harbor  defense.  Commodore  Wilson  says  : 

'■  They  are  now  a  considerable  expense  to  the  Navy,  as 
they  must  be  taken  care  of,  and,  not  being  in  proper  repair, 
they  are  of  no  use  to  the  country.  If  these  vessels  are  to 
be  kept  on  the  naval  list  they  should  be  placed  in  perfect 
repair  and  be  fitted  with  such  modern  rifles  as  they  are 
capable  of  carrying.  Within  six  months  all  of  these  vessels 
could  be  put  into  the  same  state  of  efficiency  as  they  were 
at  the  time  of  their  construction  at  an  expenditure  of 
about  $500,000.  This  would  give  13  coast-defense  vessels 
actually  available,  armed  with  15-in.  smooth-bore  guns. 
These  guns  could  be  replaced  as  rapidly  as  possible  by 
rifles.  By  no  other  means  could  the  same  amount  of 
money  be  spent  to  give  the  country  such  a  valuable 
return." 

Tables  attached  to  the  report  show  the  exact  condition 
of  every  vessel  in  the  Navy.  Of  the  wooden  vessels  it  is 
said  :  "  The  Trenton,  launched  in  1876,  represents  thi 
latest  and  best  type  of  wooden  steam  cruiser,  and  will  be 
useful  and  valuable  as  a  cruiser  for  several  years  to  come. 
With  the  Omaha  and  J^utdalia.  second-rates,  she  can 
probably  be  continued  in  the   service  nine  years  longer  ; 


iht  La>i,,ist,r.  with  new  lioilers.  six  years;  the  lirooklyn 
and  /\i,/iiiio>n/.\\\.r  years,  and  the  Pcnsacola,  three  years. 
'  )f  the  third-rates  the  Mohican  can  be  continued  in  service 
nine  years  :  the  Adams,  Alliance,  Essex,  Kearsari;e.  Enter- 
prise, 7'allapflosa,  Yantic  and  i\ipsic,  for  five  years  ;  the 
Juniata,  Ossipee,  Mvatara,  Galena  and  A/arion,  iour  years 
longer.  The  Ouinne/iaug  and  Iro</uois  will  probably  be 
condemned  by  law  on  survey.  It  will  thus  be  seen  that 
in  three  years  we  shall  have  21  of  these  vessels  remain- 
ing, in  six  years  only  4.  and  in  nine  years  the  entire 
wooden  navy  will  have  dissappeared. 


COAST  DEFENSES  OF  THE  UNITED  STATES. 

Two  important  official  documents  bearing  on  the  ques- 
ton  of  Coast  Defense  have  been  recently  submitted.  Both 
are  given  in  a  condensed  summary  below  : 

THE  ENGINEER  CORPS. 

The  annual  report  of  General  Duane.  Chief  of  Engi- 
neers, to  the  Secretary  of  War,  shows  that  the  number  of 
officers  in  the  corps  at  the  end  of  the  last  fiscal  year  was 
109.  Beyond  reference  to  the  attached  reports  of  officers 
in  charge  of  improvements,  the  subject  of  river  and  har- 
bor improvements  receives  little  mention  m  the  report, 
which  is  largely  devoted  to  a  statement  of  the  condition  of 
sea-coast  and  lake-front  defenses.  On  this  topic  General 
Duane  says  that  many  of  the  works  are  dilapidated,  and 
economy  requires  that  they  should  be  kept  from  decay. 
Special  attention  is  invited  to  the  estimates  for  the  pro- 
tection of  Fort  Niagara,  N.  Y.,  which  is  regarded  as  of 
great  value  to  the  military  service.  The  estimates  submit- 
ted aggregate  §5,234,000,  including  $2,840,000  for  the  con- 
struction of  gun  and  mortar  batteries.  $175,000  for  protec- 
tion, preservation  and  repair  of  fortifications,  $1,860,000 
for  submarine  mines  and  appliances  for  closing  channels, 
and  $30,000  for  torpedo  experiments.  In  a  report  upon 
the  subject  of  fortification  made  by  the  Board  of  Engi- 
neers, which  is  included  in  General  Duane's  report,  it  is 
said  : 

"  It  must  be  evident  that  immediate  action  is  demanded 
to  place  our  sea-coast  defenses  in  proper  condition  to  re- 
sist the  attacks  of  an  enemy.  From  the  differences  of  opin- 
ion which  exist  among  certain  non-military  experts  as  to 
the  character  of  armor  to  be  used  in  land  defenses,  the  im- 
pression has  been  created  that  this  matter  is  an  unsettled 
and  tentative  condition  and  that  the  policy  of  inaction 
now  existing  should  still  continue.  But  the  facts  will  not 
warrant  this  conclusion,  as  more  than  nine-tenths  of  the 
armament  recommended  for  our  sea-coast  is  not  to  be 
mounted  behind  iron  protections,  but  in  the  rear  of  earthen 
covers  surmounting  and  shielding  the  masonry,  magazines 
bomb-proofs  and  store  rooms.  Particularly  is  this  true  of 
the  rifled  mortars,  which  must  hereafter  play  an  important 
part  in  the  defense  of  our  channels  and  fair  ways,  and 
there  is  no  reason  why  the  erection  of  the  batteries  re- 
quired for  them  should  be  delayed  a  single  month.  In  a 
word,  proper  sums  may  be  judiciously  expended  and  much 
progress  toward  placing  our  coasts  in  a  defensive  con- 
dition may  be  made— indeed,  must  be  made — before  the 
question  of  armor  demands  consideration." 

In  accordance  with  the  instructions  of  the  Secretary  of 
War  the  Board  has  also  submitted  preliminary  plans  for 
the  defense  of  the  most  important  sea-board  harbors.  On 
this  point  it  says  :  "  No  iron  armor  is  estimated  for  because 
more  extended  defenses  can  be  obtained  by  investing  the 
funds  in  other  preparations  equally  necessary  and  less  costly. 
Such  works  are  mortar  batteries  and  disappearing  gun 
batteries,  lifts  and  the  casemates,  shafts  and  galleries  need- 
ful to  establish  a  defense  by  submarine  mines.  "  Two 
typical  designs  prepared  by  the  Board,  which  are  said  to 
meet  all  modern  requirements,  are  for  fortifications  con- 
structed of  sand,  covering  the  masonry  and  bomb-proofs. 
The  report  savs  that  no  armor  is  now  or  ever  will  be  re- 
quired for  such  defenses.  It  is  believed  that  disappearing 
carriages  can  be  constructed  which  will  carry  12-in..  50-ton 
rifled  guns,  and  an  appropriation  is  suggested  sufficient  to 
place  a  few  of  these  guns  and  carriages  at  each  of  the 
principal  ports.     The  plan  of  defense  by  mortar  and  gun 
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batteries  recommended  by  the  Board  involves  an  expend- 
iture during  the  next  fiscal  year  of  $2,840,000,  which  it  is 
proposed  to  divide  among  the  ports  as  follows :  New-York,  ! 
S69J,ooj ;  San  Francisco, §4.60,000;  Boston,  S2cSo,ooo ;  Hamp- 
ton Roads,  $250,000;  New-Orleans,  $210,000;  Philadelphia, 
$210,000;  Washington,  SSo.ooo;  Baltimore,  $60,000;  Port- 
land, $290,000 ;  Narragansett  Bay,  $290,000.  The  plan  also 
contemplates  the  preparation  of  casements,  cable  shafts, 
etc.,  to  the  number  of  26,  distributed  as  follows:  At  New 
York,  5  ;  at  San  Francisco,  5  ;  at  Boston,  5  ;  at  Hampton,  2  ; 
at  Philadelphia,  2;  at  Washington,  i  ;  at  Baltimore,  i  ;  at 
Portland,  3 ;  at  Narragansett  Bay,  2. 

THE  ORDNANCE    DEPARTMENT. 

General  Benet,  Chief  of  Ordnance  for  the  Army,  in  his 
annual  report  shows  his  expenditures  for  the  year  to  have 
been  $1,597,652.     In  addition  to  the  regular  estimates  he 
asks  for  the  coming  year  $1,500,000  for  steel-gun  forgings 
and  $550,000  for  the  development  of  the  present  Govern- 
ment plant  into  properly  equipped  shops  adequate  for 
manufacturing  guns  in  quantity,  $500,000  for  12-in.  rifled    j 
mortars,  and  an  appropriation  to  test  some  different  types 
of   mortar   carriages.     "  This   question    is    one   of   great 
urgency  and  should  not  be  postponed  any  longer  from  the 
want  of  money  to  investigate  it.     The  same  is  equally  true    [ 
as  regards  the  general  subject  of  gun  carriages.     Experi- 
mental types  should  at  once  be  procured  and  tested   for    , 
the  different  calibers  of  steel  sea-coast  guns,  and  standard 
types  adopted.     More  stress  is  laid  on  mortar  carriages, 
simply  for  the  reason   that  is  very  probable  that  we  shall 
have  mortars  ready  for  mounting  before  we  have  guns. 
But  for  either  class  of  piece,  considerable  time  will  be  re- 
quired for  establishing  the  details  of  construction  of  a 
properly  constituted  carriage."     The  manufacture  of  an    j 
improved  limber,  caisson,  battery  wagon  and  forge  for  the    , 
new  field-guns  is  to  commence  at  once  for  issue  and  trial,    ' 
and  8225,000  is  asked  for  the  purchase  of  steel  guns,  their 
carriages  and  ammunition.     This  will   procure  not  less 
than  60  steel  guns,  fully  equipped  and  supplied  with  am- 
munition ;  or  taking  the  3.2  in.  guns  now  on  hand  and 
under  manufacture  into  consideration,  it  should  ensure 
the  full  and  proper  equipment  of  100  field  guns.  1 

An  account  is  given  of  the  trial  of  the  8-in.  breech-  | 
loading  steel  rifle,  which  has  been  fired  100  rounds  with- 
out erosion  or  appreciable  enlargement.  The  ballistic 
results,  that  is  to  say,  the  energy  developed  in  the  pro-  ; 
jectile,  exceed  the  published  results  of  any  gun  of  like 
caliber  extant.  As  regards  accuracy,  so  far  as  that  has 
been  tested,  it  was  ascertained,  as  stated  in  my  last  report, 
that  for  a  range  of  3,000  yards,  or  nearly  i  V  miles,  the 
shooting  was  as  follows  :  Target  30  by  40  ft.;  Mean  verti- 
cal deviation  from  center  of  impact,  1.90  ft.;  mean  hori- 
zontal deviation,  1.56  ft.;  mean  deviation,  2.46  ft.;  or  the 
centers  of  all  the  shot  holes  were  contained  within  a  circle 
of  6'i  ft.  diameter. 

An  account  is  given  of  the  concentration  of  gun  plant 
at  Watervliet,  and  of  the  controversy  with  the  South 
Boston  Iron  Works,  touching  the  present  right  of  posses- 
sion of  two  lathes  and  one  traveling  crane,  the  property 
of  the  United  States  at  the  South  Boston  Foundry. 

The  status  of  the  work  on  the  manufacture  of  the  sev- 
eral experimental  guns  is  about  as  follows  :  The  casting 
of  the  12-in.  breech-loading  rifle,  cast-iron,  tubed  with 
steel,  has  been  made  and  is  ready  to  receive  the  tube  ; 
breech  mechanism  made  but  not  fitted.  The  other, 
which  was  nearly  completed  at  the  close  of  the  last  fiscal 
year,  has  since  been  completed.  The  wire  winding  of  the 
two  cast-iron  lo-in.  breech-loading  wire-wrapped  guns 
has  been  completed.  The  12-in.  breech-loading  mortar  ■ 
under  fabrication  by  contract  with  the  South  Boston  Iron 
Works  has  t)een  completed  and  sent  to  the  proving 
ground  for  trial.  It  is  expected  that  a  record  for  accuracy 
of  fire  and  endurance  will  be  obtained  from  this  piece 
early  in  the  coming  winter,  so  that  a  decision  can  be 
reached  as  to  the  relative  merits  of  breech-loading  and 
muzzle-loading  mortars. 

The  forgings  for  the  lo-in.  breech-loading  steel  rifle 
have  all  been  accepted.  The  first  tube  and  jacket  de- 
livered  by  Sir  Joseph  Whitworth  &  Co.,  the  manufac- 


turers, were  rejected  after  test,  as  they  fell  below  the  pre- 
scribed physical  qualities,  and  were  returned  to  England. 
The  second  set  of  forgings  was  delivered  during  the  past 
year  and  tested  with  better  results.  The  breech  mechan- 
ism forgings  for  this  gun  have  been  accepted  and  de- 
livered. 

In  the  manufacture  of  these  8-in.  rifle  forgings,  a 
satisfactory  jacket  was  only  obtained  after  repeated  fail- 
ures and  repeated  retreatment  of  the  metal,  owing  to  the 
inadequacy  of  the  present  plant  at  the  Midvale  Steel 
Works  for  such  large  work.  But  the  manufacturers,  it 
would  seem,  triumphed  at  last  orer  their  limitations — a 
thorough  knowledge  of  their  art  enabling  them  to  attain  a 
success  in  spite  of  inadequate  facilities.  Another  very 
encouraging  sign,  in  the  development  of  our  steel  indus- 
try, is  to  be  observed  in  the  early  success  of  the  Cambria 
Iron  Works  in  meeting  the  high  standard  of  excellence 
required  under  the  specifications. 

In  view  of  the  success  thus  far  attained  by  our  steel 
makers,  it  is  apparent  that  all  that  is  now  required  to  make 
it  feasible  to  produce  the  largest  gun  forgings  of  suitable 
quality  in  the  country  is  the  assurance  that  the  outlay  for 
necessary  plant  will  prove  remunerative. 

The  5-in.  breech-loading  siege  gun  and  its  carrriage, 
and  the  7-in.  breech-loading  howitzer,  which  were  under 
fabrication  at  the  Watertown  Arsenal,  have  been  com- 
pleted and  sent  to  the  proving  ground.  The  powders  and 
projectiles  required  for  their  trials  are  now  being  pro- 
cured, so  that  both  of  these  guns  should  be  heard  from  at 
an  early  day. 

The  forgings  for  the  breech  mechanism  of  the  lo-in. 
gun  have  been  delivered. 

The  forgings  for  the  8-in.  breech-loading  rifle  have 
been  completed  and  delivered.  The  tube  and  jacket  forg- 
ing for  this  gun  is  the  largest  yet  made,  or  attempted  in 
this  country. 

General  Benet  presents  an  argument  in  behalf  of  heavy 
guns  of  position,  adding  that  "as  a  projectile  force  gun- 
powder yet  stands  supreme."  Referring  to  the  success 
of  the  "dynamite  torpedo  gun,"  as  he  calls  it.  General 
Benrt  shows  its  advantage  over  the  fixed  mine,  but  adds  : 
"  It  is  not  intended,  by  implication  even,  that  fixed  mines 
are  to  be  abandoned,  but  on  the  contrary,  the  two 
systems  supplement  each  other  into  a  vastly  more  power- 
ful combination  of  explosives,  and  become  a  most  essen- 
tial adjunct  to  the  heavy  guns  of  great  range  and  power, 
which  are.  of  necessity,  as  armor-piercing  weapons,  the 
basis  of  all  armament  for  coast  defense.  I  would  recom- 
mend the  purchase  of  one  of  these  guns,  say  of  12-in. 
caliber,  for  exhaustive  trials  of  gun  and  projectile,  with 
the  object  of  determining  the  full  extent  of  their  capacity 
and  fitness  for  coast  defense." 

Experiments  with  the  Stevens  dynamite  shell  have 
shown  sufficient  promise  to  justify  a  more  extended  trial, 
and  the  firings  will  be  continued  at  an  early  day.  Types 
of  the  best  pneumatic  gun  carriages  known  here  or  else- 
where should  be  provided,  as  aids  to  the  study  and  devel 
opment  of  this  vital  necessity.  A  trial  of  the  improved 
Powlett  carriage  should  be  authorized  by  an  appropria- 
tion. 

The  question  of  a  reduced  caliber  for  small  arms  is  now 
under  consideration  by  the  Department.  General  Benet 
says:  "An  effective  and  simple  magazine  gun  has  be- 
come a  necessity,  but  from  the  little  that  can  be  learned 
of  the  magazine  systems  said  to  have  been  adopted  abroad, 
I  am  persuaded  that  nothing  is  to  be  gained  by  haste  at 
this  juncture,  but  that  the  Springfield  arm  will  continue 
to  admirably  serve  our  purpose  and  the  best  interest  of 
the  Army,  long  enough  to  enable  us  to  determine  finally 
on  a  magazine  gun  that  will  do  credit  to  the  inventive 
genius  of  our  people." 

There  were  41,106  rifles  and  carbines  manufactured  at 
Springfield  during  the  year.  The  favorable  view  of  the 
Morse  movable-base  cartridge  has  been  fully  confirmed 
by  the  reports  thus  far  received  from  five  of  the  com- 
panies to  which  it  was  issued  for  trial.  A  large  appro- 
priation for  cartridges  and  target  material  is  recom- 
mended, the  resources  of  the  Department  in  meeting  in  a 
liberal  spirit  the  demands  for  target  practice  being  over- 
taxed. 
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LOCOMOTIVE-BOILER    EXPLOSIONS  ON   BRIT- 
ISH RAILROADS. 


We  continue  below  the  summary  of  the  reports  made 
by  the  Inspectors  to  the  British  Board  of  Trade  on  the 
locomotive-boiler  explosions  occurring  on  the  railroads  of 
that  country. 

inspectors'  reports. 

January  29,  1858,  the  boiler  of  a  locomotive  on  the 
Llanelly  Railway  exploded  near  PantyfTnwn.  The  en- 
gine was  hauling  a  ballast  train  at  the  time,  but  had  just 
stopped  for  a  switch  to  be  opened.  The  fireman  was  hurt, 
and  three  boys  who  stood  by  the  track  were  killed.  The 
force  of  the  explosion  was  mainly  upward,  and  the  boiler 
was  torn  to  pieces,  the  shell  being  found  in  four  pieces. 
The  tubes  were  torn  out  and  thrown  on  the  tender.  The 
engine  had  six  wheels  coupled,  with  i^'/i  x  16  in.  cylin- 
ders, and  was  built  in  1841.  The  boiler  was  of  old  pat- 
tern and  was  a  cylinder  of  iron  51  in.  diameter  and  12  ft. 
long,  the  plates  ,",..  in.  thick.  It  had  an  internal  tube  of  >2- 
in.  iron,  24  in.  diameter  and  8,>4  ft.  long,  which  tube  ear- 
ned the  grate  at  one  end  and  had  a  combustion  chamber, 
also  of  ^j-in.  iron,  attached  to  it  at  the  other.  The 
smoke-box  and  chimney  were  at  the  same  end  as  the  fire- 
box, and  68  iron  tubes,  2  in.  diameter,  led  from  the  com- 
bustion chamber  to  the  smoke-box.  The  boiler  was  re- 
paired in  1 85 1  and  again  in  1S57,  when  several  new  plates 
were  put  in,  and  iS  new  stays  were  added,  several  of  the 
tubes  being  taken  out.  The  Inspector  found  that  the  old 
plates  in  the  shell  were  worn  down  in  places  from  -,v  to 
-j5y  and  ,'+'  in.,  and  believes  that  these  worn  plates  were  too 
weak  to  carry  the  ordinary  pressure. 

February  S,  1858,  the  boiler  of  an  engine  on  the  Brigh 
ton  Railway  exploded  while  standing  at  Catterham  Junc- 
tion. The  copper  fire-box  gave  way  just  below  the  lire- 
door,  and  the  fireman  was  killed  by  escaping  steam.  The 
back  sheet  which  gave  way  was  found  to  have  been  re- 
duced from  7s  in.  to  >+  in.,  probably  by  friction  from  the 
coke  in  firing.  The  engine  was  nine  years  old  and  had 
run  about  200,000  miles.  The  explosion  was  probably 
due  to  the  weakening  of  the  back  sheet. 

June  1 1,  1858,  the  boiler  of  an  engine  on  the  Lancashire 
&  Vorkshire  line  exploded  just  after  the  train  had  stopped 
at  Lowmoor.  The  engine  was  a  four-wheel  coupled  goods 
engine,  with  15  x  24-in.  cylinders  and  5-ft.  drivers;  the 
boiler  was  1 1 ;.  ft.  long  and  45  in.  diameter  of  barrel,  with 
121  brass  2-in.  tubes.  The  iron  plates  were  -[V  in.  thick. 
It  was  built  in  1846  and  had  new  tubes  in  1855  and  again 
in  1858.  The  usual  pressure  was  75  lbs.,  and  the  safety- 
valve  could  not  be  changed  by  the  engineer.  The  cen- 
tral plate  of  the  barrel  was  entirely  torn  off  and  was 
thrown  210  ft.  away  :  the  rest  of  the  boiler  was  not  much 
injured.  The  fireman  and  a  trackman,  who  stood  near, 
were  killed.  The  boiler  had  been  patched,  hut  not  on 
the  plate  which  gave  way.  That  plate  was  very  badly 
corroded,  the  iron  being  eaten  out  in  round  holes,  some 
of  I  in.  diameter;  at  several  points  these  holes  ran  to- 
gether, reducing  the  thickness  of  the  plate  to  %  in.  and 
even  less.  This  corrosion  was  probably  the  cause  of  the 
failure. 

July  24,  1S58,  the  boiler  of  a  locomotive  on  the  North 
British  line  exploded  at  Bournmouth,  where  the  train  had 
just  stopped.  The  engine  was  a  goods  engine  with  18  x 
24-in.  cylinders  and  six-coupled  wheels  57  in.  diameter. 
The  boiler  barrel  was  46  in.  diameter  and  10  ft.  long.  The 
fire-bo.x  was  of  Vs"'"-  copper,  with  8  roof-stays  or  crown- 
bars.  Two  of  these  roof-stays  gave  way,  and  the  fire-box 
collapsed,  the  crown-sheet  and  side-sheets  being  forced 
down  and  the  rivets  stripped  ofT.  The  ordinary  working 
pressure  was  100  lbs.,  but  from  the  evidence  in  the  case, 
the  Inspector  believes  that  the  area  of  the  safety-valve 
was  insufficient, ^nd  the  pressure  had  run  up  to  145  lbs. 
and  probably  more. 

August  16,  1859,  the  engine  of  a  psssenger  train  on  the 
Southeastern   line   exploded    its  boiler  just  as  the  train 


stopped  at  Lewisham.  The  engine  was  10  years  old ;  it 
had  15  X  22-in.  cylinders,  four-coupled  wheels  66  in. 
diameter  and  leading  wheels  42  in.  diameter.  The  usual 
working  pressure  was  90  lbs.  The  fire-box  was  42  in. 
long,  36  in.  wide  and  54  in.  deep.  The  copper  plates, 
originally  Ji  and  ,',.,  in.,  had  been  reduced  to  ,'■,,  and  in 
some  places  to  ^4  in»  The  effect  of  the  explosion  was  to 
lay  the  crown-sheet  of  the  lire-box,  with  all  the  roof-stays 
close  down  on  the  tube-sheet,  tearing  away  the  side-sheets 
about  12  in.  from  the  top,  and  blowing  out  the  grate  and 
ash-pan.  The  cr.jwn-shcet  was  separated  from  the  lube- 
sheet  for  about  27  in.  The  Inspector  says:  "The  crown 
of  the  fire-box  was  stayed  by  8  roof-stays  41  in.  long, 
placed  4  V  in.  apart  and  secured  by  ;'4-in.  rivets  1%  in. 
apart ;  but  it  will  be  noticed  that  the  length  of  these  roof- 
stays  is  less  than  the  width  of  the  fire-box,  so  that  their 
ends  do  not  rest  on  the  walls  of  the  fire-box  ;  and  in  some 
places  it  is  evident  that  the  caulking  has  diminished  the 
thickness  of  the  plates.  *  *  *  *  The  fracture  took 
place  in  the  front  plate  close  to  the  edge  of  the  top  plate 
and  in  a  straight  line  coinciding  with  the  lineof  the  caulk- 
ing, and  on  examination  a  crack  in  the  copper,  30  in.  long, 
was  found.  The  marks  of  the  ends  of  one  or  two  of  the 
roof-stays  which  projected  furthest  toward  the  front 
plate  were  apparent  on  the  edge  of  the  fracture,  so  that  if 
the  ends  of  the  roof-stays  had  been  brought  further  for- 
ward and  had  rested  on  the  upright  front  plate,  instead  of 
ending  on  the  curved  and  weakest  part,  it  is  probable  that 
the  explosion  would  not  have  occurred,  notwithstanding 
the  crack.  There  is  no  doubt  that  the  explosion  com- 
menced at  the  front  of  the  top  of  the  fire-box,  and  at  about 
the  ordinary  working  pressure.  *  *  *  *  The  accom- 
panying sketches  show  the   manner   in   which  the  roof- 


stays  were  put  on  this  fire-box,  and  also  (in  the  figure 
marked  'New')  the  manner  in  which  they  are  now  put 
on  by  the  Southeastern  Company,  and  the  mode  adopted 
to  avoid  caulking." 

October  1 7,  1859,  the  boiler  of  the  locomotive  of  a  freight 
train  on  the  South  Yorkshire  road  exploded  near  Womb- 
well,  just  as  the  engineman  had  shut  off  steam.  The 
engine  had  16  x  24-in.  cylinders  and  six  wheels,  54  in. 
diameter,  all  coupled.  The  boiler  barrel  (of  iron)  was  48 
in.  diameter  and  10  ft.  4  in.  long  ;  the  copper  fire-box  was 
4  ft.  6  in.  long.  There  were  two  safety-valves.  The  en- 
gine had  a  light  train  and  was  blowing  otT  steam  just 
before.  The  fire-box  was  nearly  uninjured  in  the  explo- 
sion ;  the  barrel  was  torn  in  two  pieces,  one  being  thrown 
into  the  ditch  beside  the  track,  the  other  nearly  400  ft. 
away.  The  steam  dome  was  torn  off  and  also  thrown 
about  400  ft.  away.  The  boiler  plates  were  found  to  be 
badly  corroded,  in  some  places  eaten  more  than  halt 
through.  The  explosion  is  believed  to  have  resulted  from 
weakness  of  the  boiler,  due  chiefly  to  corrosion. 

March  13,  i860,  the  boiler  of  a  freight  engine  on  the 
South  Devon  road  exploded  while  the  engine  was  doing 
some  shifting  at  Totnes.  The  engine  had  17  x  24-in. 
cylinders,  with  six  57-in.  wheels,  all  coupled  ;  it  was  five 
years  old  and  had  been  repaired  about  a  year  before.  The 
explosion  tore  off  the  outer  fire-box  shell,  the  force  acting 
upward  and  to  the  left,  and  pieces  of  the  shell  were  thrown 
through  the  freight  shed  and  some  distance  away.  This 
outer  shell  was  of  tV'"-  'ron-  The  fire-box  itself  was  of 
copper  and  stayed  to  the  outer  shell  by  copper  stay- 
bolts,  a  number  of  which  were  torn  out  and  carried  away 
with  the  pieces  of  the  outer  shell.    There  were  no  signs 
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of  low  water  or  overheating.  The  plates,  when  exam- 
ined after  the  explosion,  were  found  to  be  badly  corroded, 
in  some  places  eaten  away  so  that  not  more  than  /„  in. 
thickness  of  metal  was  left.  The  explosion  was  attributed 
mainlv  to  this  corrosion,  although  the  Inspector  thought 
that  the  boiler  was  not  strongly  braced. 

November  i,  i860,  the  boiler  of  a  locomotive  on  the 
Metropolitan  line  exploded  at  the  King's  Cross  Station. 
The  engine  was  an  old  one  ;  the  fire-box  crown-sheet  gave 
way,  and  the  engine  was  lifted  up  and  thrown  over  on  its 
side  bv  the  shock.  The  crown-sheet  was  torn  away  from 
the  back  and  side-sheets,  but  remamed  attached  to  the 
tube-sheet.  It  was  of  copper,  about  9  years  old,  and  had 
been  patched.  In  this  case,  as  in  one  referred  to  above, 
the  roof-stays  were  defective  in  form  and  really  had  no 
bearing  on  the  side-sheets;  and  it  was  this  weakness, 
combined  with  wear  of  the  sheet,  which  caused  the  ex- 
plosion. 

April  I,  1861,  the  boiler  of  a  locomotive  on  the  Mon- 
mouthshire road  exploded  at  Newport,  just  after  the 
engine  had  stopped  with  a  goods  train.  The  engine  was 
6,'2  yearsold  ;  it  had  iS  x  24-in.  cylinders  and  six  6o-in. 
wheels,  all  coupled.  The  boiler  was  of  fs-in.  iron,  51  in. 
diameter  of  barrel  and  12  ft.  i  in.  long.  The  seams  in  the 
barrel  were  single-riveted,  ihe  rivet-holes  being  counter- 
sunk about  %  in.,  reducing  considerably  the  sectional 
area  of  the  plate.  The  boiler  had  been  overhauled  and 
repaired  about  a  year  before.  The  effect  of  the  explosion 
was  to  tear  the  leading  end  of  the  barrel  away  from  the 
smoke  box  and  to  separate  two  of  the  rings  (and  part  of 
the  third;  from  the  remaining  ring  of  the  barrel,  which 
was  not  detached  from  the  fire-box.  The  engine  remained 
on  the  rails,  but  the  leading  axle  was  bent  and  the  lead- 
ing wheels  thrown  off.  The  Inspector  believed  from  his 
examination  that  the  explosion  took  place  at  the  ordinary 
working  pressure,  about  120  lbs.;  there  were  no  signs  of 
overheating  anywhere.  No  part  of  the  boiler  plates,  ap- 
parently, had  been  reduced  below  -|\  in.  by  corrosion  or 
wear.  Careful  examination  of  the  remaining  plates,  how- 
ever, discovered  at  several  points  cracks  in  the  plates, 
near  the  horizontal  line  of  rivets,  of  the  character  indi- 
cated at  If  in  the  accompanying  sketch.     The   Inspector 


thinks  that  the  rupture  started  in  one  of  these  cracks, 
which  had  so  weakened  the  iron  that  it  was  unable  longer 
to  resist  the  pressure.  He  says  :  "  These  cracks  are  fre- 
quently found  in  old  boilers,  and  are  usually  supposed  to 
originate  in  the  mark  or  indentation  made  by  the  caulk- 
ing tool  when  incautiously  held  by  the  workman.  It  is 
quite  possible  that  such  marks  may  have  had  something 
to  do  with  the  origin  of  these  cracks  ;  but  they  probably 
result  mainly  from  the  greater  rigidity  of  the  plates  at 
this  part  when  opposed  to  the  greater  flexibility  of  the 
adjacent  part  of  the  boiler  plates.  ' 

July  4.  1861,  the  boiler  of  the  engine  of  an  express  train 
on  the  London  &  Northwetern  road  exploded  when  the 
train  was  near  Rugby  and  running  at  the  rate  of  35  miles 
an  hour.  The  explosion  took  place  just  as  the  train  was 
passing  under  an  arched  bridge;  the  barrel  of  the  boiler 
was  torn  to  pieces,  leaving  the  fire-box  almost  intact. 
Several  large  pieces  struck  the  brickwork  of  the  bridge 
and  left  deep  marks  in  it;  one  piece  {about  8x4  ft.) 
was  found  on  the  back  of  the  tender.  The  driving-axle 
was  broken  and  one  driving-wheel  thrown  off;  the  frames 
were  bent  out  of  shape.  The  middle  ring  of  the  barrel 
was  eptirely  separated  from  the  other  rings  and  was  itself 
left  in  several  pieces.  The  accompanying  drawing  is  a 
sketch  of  the  boiler,  and  the  irregular  lines  show  the  lines  of 
fracture,  indicating  how  completely  it  went  to  pieces. 
The  force  of  the  explosion  and  the  reaction  from  the  side 
of  the  arch  threw  the  engine  over  on  its  side  on  the  op- 
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posite  track,  but  it  ran  or  slid  forward  far  enough  to  per- 
mit the  cars  in  the  train  to  stop  without  receiving  serious 
damage.  The  fireman  was  fatally  hurt,  but  the  engineer 
was  not  very  badly  injured.  The  engine,  which  was  about 
10  years  old,  had  16  x  24-in.  cylinders,  one  pair  of  7-ft. 
drivers,  lead,.ig  and  trailing  wheels.  The  boiler  was  49 
in.  diameter  ofbarrel  and  11  ft.  9  in.  long;  it  was  of  iron, 
the  barrel  plates  ;'s  in.  and  the  outer  fire-box  plates  ,>,  in- 
Examination  of  the  fractured   plates  showed   that    they 


were  much  corroded,  the  line  of  greatest  weakness  being 
just  above  the  lower  seam  on  the  middle  ring  of  the  barrel, 
where  the  metal  had  been  reduced  in  places  to  little  over 
^V  in  in  thickness.  The  Inspector  believes  that  the  fail- 
ure of  the  boiler  was  due  to  this  corrosion,  as  there  was 
no  evidence  of  unusual  pressure,  and  says  further  that  the 
process  of  weakening  must  have  been  going  on  for  some 
time,  and  that  proper  inspection  and  removal  of  scale 
would  have  revealed  this  fact.  It  is  to  be  noted  that  this 
was  the  very  unusual  case  of  a  boiler  exploding  while  the 
engine  was  running. 

September  23,  1861,  the  boiler  of  a  locomotive  drawing 
a  coal  train  on  the  Northeastern  Railway  exploded  just  as 
the  train  was  ready  to  start  from  Stella  Gill.  The  driver 
and  fireman  were  badly  hurt,  and  the  guard,  who  was  on 
the  engine,  was  killed.  The  engine  was  8  years  old  ;  it 
had  i4>^  X  22-in.  cylinders  and  six  54-in.  wheels,  all 
coupled.  The  boiler  barrel  was  42  in.  diameter  and  10  ft. 
long.  It  was  of  ;'s-'n-  'fon,  of  four  plates  placed  longitu- 
dinally, so  that  there  were  four  seams  running  the  length 
of  the  barrel,  but  no  circumferential  seams  except  at  the 
ends,  where  it  was  joined  to  the  smoke-box  and  the  fire- 
box. The  usual  working  pressure  was  80  lbs.,  and  it  does 
not  appear  that  this  had  been  exceeded.  The  accom- 
panying sketch  shows  the  general  form  of  the  boiler,  the 


irregular  lines  showing  the  lines  of  fracture.  The  lower 
sketch  is  a  section  of  the  barrel,  the  dotted  lines  ef  show- 
ing the  position  in  which  the  plates  were  found  after  the 
explosion. 

The  Inspector  says  ;  "  An  examination  of  the  remains 
of  the  barrel  leaves  no  doubt  of  the  cause  of  the  explo- 
sion. Corrosive  action  had  been  going  on  actively  for  a 
space  of  about  21   in.  along  the  plate  which  gave  way  at 
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about  66  in.  from  the  smoke-box  end;  and  the  plate  had 
been  so  far  eaten  through  that  in  places  only  %  in.,  in 
others  ^',  in.  and  at  one  or  two  points  even  less  than  ,'„ 
in.  of  metal  remained.  The  plate  had  thus  become  so 
thin  that  the  force  of  the  steam  was  too  great  for  it  to 
resist ;  and  when  once  the  steam  and  water  found  an 
opening  through  it,  the  remainder  was  torn  and  the 
sounder  portions  of  the  plate  gave  way,  as  always  happens 
under  such  circumstances,  with  comparatively  little  diffi- 
culty." In  the  accompanying  sketch  A' A"  shows  the  line 
of  greatest  corrosion  referred  to  above.  The  Inspector 
makes  this  accident  the  occasion  for  urging  more  frequent 
inspection  of  boilers,  more  care  in  designing  and  staying 
them,  and  more  care  in  selecting  the  material.  He  sug- 
gests that  the  insertion  riveting  in  of  rings  of  angle-iron  or 
T-iron  in  the  barrels  would  contribute  very  much  to  their 
strength  ;  and  also  that  plates  might  be  made  with  thick- 
ened ends,  so  as  to  secure  greater  strength  at  the  seams. 

(TO    BE   CONTINUED.) 


Electrical  Subways  in  New  York. 

(From  the   Electrician  and  Electrical  Engineer.') 

It  is  sometimes  more  important  to  get  a  thing  done  at 
once  than  to  get  it  done  in  the  most  perfect  way.  The 
burying  of  all  the  electric  wires  in  New  York  is  not  such 
a  thing.  The  desirability,  even  the  necessity,  of  providing 
some  better  system  than  the  existing  pole  lines  is  very 
generally  admitted.  The  objections  to  pole  lines  in  the 
streets  are  so  many,  and  have  been  so  often  recited  in  the 
public  press,  that  everybody  is  familiar  with  them.  Yet 
all  of  them  put  together  do  not  constitute  a  public  incon- 
venience so  pressing  as  to  justify  hasty  work  on  imma- 
ture plans,  such  as  that  undertaken  by  direction  of  the 
Board  of  Electrical  Control. 

Since  the  public  agitation  for  the  removal  of  the  pole 
lines,  followed  by  the  establishment  of  the  Subway  Com- 
mission, we  have  several  times  expressed  our  opinion  that 
the  significance  and  scope  of  the  proposal  to  put  all 
the  electric  wires  in  the  city  underground  was  very 
imperfectly  apprehended  by  the  public  and  by  the  au- 
thorities undertaking  to  effect  it.  The  success  of  elec- 
tric motors  during  the  past  two  years,  establishing  the 
certainty  that  they  will  be  largely  employed  for  power 
throughout  the  city,  and  the  development  during  the 
same  period  of  successful  means  for  a  wide  distribution 
of  the  incandescent  electric  light  from  central  stations, 
have  very  largely  added  to  the  magnitude  and  diflSculty 
of  the  problem.  It  has  become  very  clear  that  a  system  of 
underground  electric  conductors  will  be  required,  suffi- 
ciently comprehensive  to  provide  facilities  far  in  excess  of 
the  relatively  simple  requirements  of  the  telegraph  and 
telephone  service.  Such  system  must  include  provision 
for  conductors  of  heavy  currents  for  the  supply  of  power 
and  light  for  general  distribution  throughout  the  city. 
The  problem  seems  scarcely  less  in  magnitude  and  diffi- 
culty, and  in  its  bearing  upon  the  welfare  and  beauty  of 
the  city,  than  that  of  rapid  passenger  traffic.  The  inade- 
quacy of  our  means  of  transit  is  apparent  to  every  one  who 
travels  to  and  fro  within  the  city;  the  capacities  of  the 
elevated  roads  are  far  overtaken  by  the  requirements  of 
the  public. 

We  are  very  confident  that,  if  the  work  of  providing  the 
city  with  a  system  of  underground  electric  conductors  be 
left  to  the  present  methods  of  the  Board  of  Electrical 
Control  (substantially  the  old  Subway  Commission)  and 
to  their  direction,  our  last  state  will  be  worse  than  our 
first.  There  is  yet  no  evidence  of  the  adoption  of  a  com- 
prehensive and  thoroughly  worked  out  plan,  such  as 
should  be  perfected  before  any  extensive  work  is  under- 
taken. Some  elements  of  the  problem  seem  to  have  been 
scarcely  considered — for  instance,  the  distribution  of  wires 
from  the  conduits  to  blocks  of  buildings.  It  cannot  be 
said  that  any  conduit  system  has  been  shown  to  be  capa- 
ble of  meeting  permanently  the  difficulties  of  a  system  of 
general  distribution.  Of  the  several  conduit  systems  ap- 
proved by  the  Board,  some  may  prove  serviceable  for  a 


long  time,  but  all  the  work  must  still  be  considered  tenta- 
tive. 

It  is  our  conviction  that  no  system  of  "drawing-in  " 
conduits  will  avail  as  a  permanent  solution  of  the  com- 
plex and  difficult  problem.  It  seems  to  us  more  than 
probable  that  for  principal  routes,  where  many  conduc- 
tors of  various  kinds  and  sizes  and  for  many  different 
purposes  must  be  provided  for,  resort  must  be  had  10 
some  form  of  tunnel,  large  enough  to  contain  wires  and 
cables  hung  in  such  a  way  that  they  shall  be  accessible  at 
all  points,  and  also  large  enough  to  permit  the  passage 
through  it  of  linemen  and  small  trucks  for  conveyance  of 
conductors.  That  a  way  to  accomplish  the  desired  end 
of  ridding  the  streets  of  pole  lines,  and  to  place  all.  or 
nearly  all,  electric  conductors  underground  with  safety 
and  convenience,  and  to  the  satisfaction  of  the  public,  as 
well  as  of  the  electric  companies,  we  make  no  doubt ;  but 
the  undertaking  should  have  the  careful  attention  of  elec- 
trical and  engineering  talent  of  the  highest  order,  and 
should  be  carried  out  under  the  control  of  those  who  take 
a  long  look  ahead  and  are  more  anxious  to  achieve  a  great 
public  work  carefully  and  thoroughly,  than  to  satisfy  an 
unreasonable  public  clamor  for  burying  all  wires  at  once. 


Underground  Conductors  for  Electric  Lighting. 


The  author  has  designed  the  proposed  system  to  ful- 
fill several  important  conditions,  as  follows: 

1.  The  conductors  and  their  insulation  should  be  econ- 
omical in  construction. 

2.  They  should  be  protected  from  injury  by  a  trough  or 
casing. 

3.  The  trough  should  be  of  small  cost,  and  its  merits 
must  have  been  well  tested. 

4.  The  trough  must  be  capable  of  carrying  conductors 
at  several  different  potentials. 

5.  It  must  be  possible  to  add  gradually  to  the  conduct- 
ors, as  the  consumption  of  electricity  in  a  district  in- 
creases. 

6.  An  easy  means  must  be  provided  for  taking  branches 
from  the  mains  into  houses. 

7.  An  easy  means  must  be  provided  for  leading  the  con- 
ductors round  gas  and  water  pipes  and  other  obstacles, 

The  first  condition  can  best  be  secured  by  having  bare 
copper-wire  conductors  and  air  insulation. 

The  second  and  third  conditions  by  using  ordinary  cast- 
iron  gas  pipes,  whose  qualities  are  thoroughly  well  known, 
and  whose  laying  and  repairing  and  keeping  water-tight 
is  every-day  work  in  every  town  in  the  country. 

The  fourth  condition  is  attained  by  having  porcelain 
insulating  discs,  two  in  each  cast-iron  pipe.  Each  insu- 
lator has  as  many  holes  through  it  as  there  are  different 
potentials  to  be  maintained.  These  porcelain  discs  are 
supported  on  the  iron  pipes  only  at  a  few  points,  the  inter- 
vening spaces  allowing  drainage  in  the  cast-iron  pipes 
and  also  permitting  dry  air  to  be  forced  through  a  system 
of  pipes. 

The  fifth  and  sixth  conditions  are  attained  by  the 
special  peculiarity  of  this  invention,  which  consists  in 
using  thin  split-copper  tubes  with  ;+-in.  gap  at  the  split. 
These  are  each  6  in.  longer  than  one  of  the  iron  pipes. 
By  pinching  the  end  of  one  of  these  tubes  and  inserting 
it  into  the  end  of  another,  and  continuing  the  process,  a 
long  continuous  tube  can  be  made  for  carrj'ing  the  bare 
copper-wire  conductors.  These  continuous  tubes  pass 
through  the  holes  in  the  insulators.  The  number  of 
copper  wires  can  be  added  to  as  the  requirements  of  a  dis- 
trict increase.  When  two-thirds  full,  these  wires  are  all 
withdrawn,  and  a  bare  wire  cable  filling  the  whole  space  of 
the  tubes  is  drawn  through.  The  wires  are  drawn 
through  from  manhole  to  manhole.  A  manhole  is  placed 
at  each  corner  of  a  street,  and  serves  also  as  a  pump  for 
pumping  out  accumulations  of  water.  When  it  is  re- 
quired to  connect  a  house  to  the  mains,  the  iron  pipe  is 
drilled  and  tapped  with  a  i-in.  hole.  Insulated  wires  are 
soldered  to  the  copper  tubes  of  the  required  potentials, 
and  are  led  to  the  houses  through  i-in.  gas-pipes  which 
are  screwed  into  the  holes  tapped  in  the  cast-iron  pipes. 
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It  will  be  noticed  that  the  split  tubes  do  not  act  primarily 
as  the  conductors  of  the  main  current,  but  mainly  as  a 
support  for  the  conductors,  and  secondarily,  by  contact 
with  these,  as  a  means  of  connection  to  the  houses, 
leaving  the  wires  free  to  be  removed  or  added  to. 

The  seventh  condition  is  to  provide  for  setting  round 
an  obstacle.  This  is  best  done  by  having  a  hand-hole  at 
the  ends  of  the  cast-iron  pipes,  on  each  side  of  the  obstacle, 
and  joining  these  by  lead-covered  insulated  cables  of  the 
full  current-carrying  capacity  of  the  system.  These 
cables  can  be  bent  round  the  obstacle,  and  are  in  no  way 
a  weak  point  of  the  system. 

The  method  of  laying  the  conductors  in  the  ordinary 
routine  is  as  follows:  For  a  three-wire  system  for  a 
ma.ximum  of  2,000  lamps  of  ^^  ampere,  a  3-in.  gaspipemay 
be  used.  Each  insulating  disc  has  three  i-in.  holes  in  the 
positions  of  the  angles  of  an  equilateral  triangle.  In 
adding  fresh  lengths  of  conductor,  three  split  tubes  are 
first  pinched  at  their  ends  and  pushed  into  the  ends  of 
the  three  split  tubes  projecting  from  the  last  cast-iron 
pipe  laid.  Two  insulators  are  next  run  along  the  split 
tubes  to  a  distance  from  either  end  of  the  tubes  of  one- 
fourth  of  their  length.  A  fresh  cast-iron  pipe  is  now  run 
along  over  the  split  tubes  and  their  insulators,  the  latter 
fitting  loosely  in  the  pipes.  The  joint  of  the  pipes  is 
madeWith  packing  in  the  ordinary  way.  A  new  length 
is  added  in  the  same  way.  Manholes  must  be  placed  at 
each  corner  of  a  street,  and  maybe  half  a  mile  apart. 
The  cast-iron  pipes  fit  into  side  holes  in  these  boxes,  and 
are  fitted  in  with  water-tight  cement  or  packing.  Wires 
are  pulled  through  from  manhole  to  manhole,  and  may  be 
soldered  together  across  the  manhole.  Finally,  holes  are 
drilled  and  tapped  in  the  cast-iron  pipes  beside  those 
houses  which  require  a  supply  of  electricity.  Two  insu- 
lated wires,  bared  and  flattened  at  their  ends,  are  soldered 
to  those  split  copper  tubes  which  are  of  the  right  poten- 
tials. A  i-in.  gas  pipe  is  screwed  into  the  hole  tapped  in 
the  main  pipe,  and  the  insulated  wire  is  thus  led  into  the 
house. 
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A  French  Light  Railroad. 

(From  icj  Anra/es  drs  Tra-jaux  Puilics.) 

The  Bayonne-Anglet-Biarritz  Railroad,  opened  June  2, 
1877,  deserves  attention,  partly  because  it  has  an  excep- 
tional traffic  for  a  local  line,  and  partly  on  account  of  the 
system  of  operation  by  light  trains,  adopted  since  its 
opening,  the  service  being  of  the  kind  generally  called 
tramway-trains. 

This  railroad  was  authorized  by  the  Council-General  of 
the  department  of  Basses-Pyrenees  in  1S74  as  a  railroad 
of  local  interest,  under  the  law  of  July  12,  1865,  and  under 
a  schedule  of  charges  dated  September  15,  1S74. 

The  line  is  5  miles  long;  the  profile  is  very  irregular,  38 
per  cent,  of  its  total  length  being  in  grades  of  .014  (74  ft. 
to  the  mile)  or  over,  and  37  per  cent,  in  grades  of  from 
.005  to  .014  (26.4  to  74  ft.  to  the  mile).  Of  the  total  length 
also.  42  per  cent,  is  in  curves  of  from  980  to  i  ,960  ft.  radius. 

The  track  is  of  the  standard  gauge,  although  the  con- 
cession authorized  a  gauge  of  one  meter.  The  standard 
gauge  was  adopted  partly  because  it  was  expected  that  a 
connection  would  be  made  with  the  line  Du  Midi,  but 
more  especially  because  it  was  thought  best  to  use  two- 
storied  carriages  of  great  seating  capacity.  This  decision 
as  to  the  gauge  has  never  been  regretted  by  the  managers. 

The  track  is  of  steel  rails  of  the  \'ignoles  pattern, 
weighing  50  lbs.  per  yard,  placed  upon  ties  spaced  26.5  in. 
between  centers.  This  track  was  built  and  is  maintained 
ivith  great  care,  and  it  carries  without  trouble  locomotives 
having  a  weight  of  8.5  to  9  tons  per  axle  (4.25  to  S  tons 
per  wheel). 

The  rolling-stock  is  composed  entirely  of  two-story  car- 
riages, and  the  absence  of  overhead  bridges  permits  the 
use  of  these  carriages  of  a  height  of  16  or  17  ft.  above  the 
rail.  These  carriages  are  of  two  types ;  the  first,  which 
can  be  used  alone  to  form  a  train  (which  is  often  neces- 
sar)-  in  winter),  has  below  a  first-class  and  a  second-class 
compartment  and  a  baggage-room,  and  above  one  large 
compartment,   either   open   or   closed    according  to   the 


season,  to  which  access  is  had  by  an  interior  stairway; 
these  carriages  will  hold  67  passengers.  The  other  class 
of  carriagesnave  one  compartment  above  and  one  below  ; 
they  seat  92  persons.  Four  carriages  of  this  kind  form  a 
train  which  will  carry  36S  passengers,  or  indeed  many 
more  on  busy  days,  for  people  do  not  object  to  stand  for 
a  trip  of  less  than  1 5  minutes.     There  is  no  freight  traffic. 

The  motive  power  consists  of  5  tank  locomotives,  of 
which  three  weigh  19  tons  each  in  service  and  have  four 
wheels  coupled ;  the  other  two  weigh  25  tons  each  and 
have  six  wheels  coupled.  All  these  engines  are  on  the 
compound  system,  and  they  are  the  first  to  which  this 
system  was  applied  in  practice.  The  average  consumption 
of  fuel  in  six  years  of  working  did  not  exceed  14.5  lbs. 
per  engine-mile. 

In  1883,  this  Bayonne-Anglet-Biarritz  road  carried  724,- 
000  passengers,  of  whom  only  35.000  were  first-class ;  these 
passengers  were  carried  in  15,956  trains.  The  average 
train-load  was  49  passengers  ;  the  average  seating  ca- 
pacity of  trains  was  177,  so  that  on  an  average  only  27.6 
per  cent,  of  the  seating  capacity  was  occupied. 

The  gross  receipts  for  the  same  year  were  74.7  cents 
per  train-mile ;  the  expenses  were  48.25  per  cent,  of  the 
gross  earnings.  The  cost  of  motive  power  was  1 4.1  cents 
per  train-mile,  for  an  average  train  of  three  cars,  fuel  alone 
costing  3.2  cents. 

This  cost  of  motive  power  was  almost  exactly  the  same 
as  on  the  so-called  tramway-trains  on  the  Northern  Rail- 
road, which  are  about  of  equal  capacity  with  one  car- 
riage of  the  Bayonne- Biarritz  road. 


Smokeless  Powder. 


Many  military  writers  have  expressed  an  earnest  desire 
that  smokeless  powder,  capable  of  being  used  in  war. 
should  be  adopted.  The  advantages  of  such  a  powder  are 
obvious.  Smoke  is  not  only  a  great  enemy  in  casemates, 
but  even  in  the  open,  especially  if  the  atmosphere  be  thick 
and  heavy  ;  the  cloud  of  smoke  resulting  from  the  em- 
ployment of  the  powder  now  in  use  serves  equally  to  hide 
sudden  attacks  by  the  enemy  and  to  prevent  the  soldier 
seeing  at  whom  he  is  firing  and  the  effect  of  his  shot.  A 
cloud  of  smoke  also  betrays  the  position  of  troops.  On 
the  other  hand,  smoke  defines  for  the  benefit  of  a  general 
the  line  of  his  own  or  the  enemy's  troops.  Indeed,  if  pro- 
ceeding from  certain  important  tactical  points,  it  adds  a 
moral  to  the  material  effect  produced  by  the  projectiles 
themselves.  It  announces  the  arrival  of  succor,  and 
marks  the  progress  of  the  different  forces  executing  a 
combined  operation.  Finally,  it  aids  the  assailant  by  en- 
abling him.  especially  in  the  last  phase  of  an  attack,  to 
gain  ground  unseen,  and  to  be  under  cover  from  view  is 
the  next  best  thing  to  being  under  cover  from  fire.  On 
the  whole,  however,  a  diminution  of  smoke  is  looked  on 
as  an  advantage.  The  Schulze  and  the  E.  C.  powders 
have  this  merit,  but,  on  the  other  hand,  their  propelling 
power  is  said  to  be  uncertain.  At  all  events,  neither  of 
them  seem  to  have  found  favor  with  the  authorities. 

A  third  description  of  so-called  smokeless  powder  has 
been  more  fortunate  as  regards  the  good  opinion  of  the 
War  Office.  This  powder  is  named  the  Johnson-Barland 
powder,  or  for  short,  the  J.-B.  powder.  Last  December 
there  was  an  official  trial  of  this  powder  at  Enfield,  and  a 
favorable  report  was  made  to  the  War  Office.  Both  the 
Martini-Henri  and  the  Martini-Enfield  were  tried  on  that 
occasion  with  the  following  results :  The  Government 
powder,  85  grains,  gave  with  the  Martini-Henri  a  muzzle 
velocity  of  1,314  ft.'per  second,  with  the  J.-B.  powder.  60 
grains,  one  of  1,520  ft.  per  second.  With  the  Martini-En- 
field the  Government  powder  gave  a  muzzle  velocity  of 
1,570  ft.  per  second,  with  the  J.-B.  powder  one  of  1,800  ft. 
per  second. 

Trials  were  recently  made  with  an  improved  Gardner 
rifle-caliber  machine'  gun  ;  these  showed  that  the  new- 
powder  works  with  very  little  sound  and  very  much  less 
fouling  than  the  ordinary  powder,  supporting  the  claims 
made  to  that  extent. 
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The  Yanegase-Yama  Tunnel  in  Japan. 


Thk  rsuru^a-Nagahama  Railroad  is  a  braiiLh  line,  con- 
ncctin;,'  ihe  north  coast  of  Japan  with  the  main  trunk 
railroad  at  Nagahama;  it  is  about  27  miles  long,  and  ex- 
tends for  the  greater  portion  of  its  length  through  a  flat, 
well-cultivated  countr)',  with  favorable  curves  and  gra- 
dients. At  Yanegase,  however,  about  9  miles  from  the  I 
coast  of  Tsuruga,  it  enters  a  mountainous  and  difficult  re-  ! 
gion  ;  here  a  range  of  mountains,  running  from  the  coast  | 
of  Vecliizan  on  the  north  to  Lake  Biwa  on  the  south,  has 
to  be  crossed,  and  here  the  tunnel  about  to  be  described 
has  been  constructed.  After  passing  through  this  tunnel, 
the  line  descends  tlirough  a  narrow  gorge  between  the 
spurs  of  the  mountains,  with  heavy  earthworks  and  short 
tunnels,  for  3  miles  ;  it  then  emerges  into  a  fertile  plain, 
and  finally  terminates  with  a  breakwater  in  the  deep  and 
sheltered  harbor  of  Tsuruga. 

The  Vanegase-Yama  tunnel  commences  at  the  summit 
level  of  the  railroad,  751  ft.  above  sea-level  and  788  ft. 
below  the  crest  of  the  hill  through  which  it  is  pierced  ;  it 
runs  in  a  direction  east  and  west  and  is  4.436  (t.  long  ;  it  is  ; 
straight  for  the  greater  part  of  its  length  and  on  a  curve 
of  990  ft.  radius  for  a  short  distance  at  its  western  end  ; 
the  grade  throughout  is  1  in  40.  The  work  was  begun  in 
June,  18S0,  at  the  west  end,  and  in  May,  1883,  at  the  east 
end  ;  from  the  latter  date  the  headings  were  carried  for- 
ward from  both  ends  simultaneously.  The  tunnel  was  , 
completed  March  30,  1884, 

The    finished    section  of  the  tunnel  is    14  ft.  wide  at    | 
springing,  with  semicircular  brick  arch  of  7   ft.  radius  ;  it 
is  15  It.  6  m.  high,  with  curved  masonry  side  walls,  10  ft.    1 
wide  at  formation  level,  and  has  a  central  drain  1  ft.  6  in. 
wide  and  2  ft.  deep,  the  total  sectional  area  being  185.58 
square  ft. 

Trial  lines  were  first  run  in  Febraary,  1880,  and  the  line 
was  finally  decided  on  and  ranged  out  in  the  following 
April,  the  instruments  used  being  an  ordinary  6-in.  theo- 
dolite and  dumpy-level.     The   line  was  ranged   over  the    ; 
summit   of   the  mountain,  and  the   levels   were   carried 
round  by  a  narrow  mountain  track  skirting  its  edge  at  a 
distance  of  about  i;<    miles  in  a  southeastern  direction, 
and  finally  the  mountain  itself  was  leveled  over.     The  line 
was  ranged  out  from  fi.xed  points.     Masonry  platforms,  4    ' 
ft.  square,  were  built  at  these  points,  with  centers  marked 
thereon;    the  distances   were   carefully    measured,  both    1 
with  steel  chains  and  measuring  rods,  and  were  finally    1 
checked  by  a  system  of  triangulation.     During  construe-    1 
tion,  the  center-line  was  carefully  checked  through   the 
workings  twice  a  month,  ranging  being  always  commenced 
from   the  fi.xed  points  at  the  entrances,  and  the   levels 
checked,  permanent  bench-marks  being  made  in  the  side 
walls  as  the  work  proceeded. 

The  strata  pierced  through  were  much  broken  up  and 
distorted,  and  were  generally  inclined  at  an  angle  of  about 
45"  and  dipping  with  the  same  inclination.  Some  por- 
tions of  the  rock  were  exceedingly  hard,  others  were  de- 
composed and  intermixed  with  numerous  thin  clay  veins 
containing  much  water.  | 

The  total  length  of  4,436  ft.  may  be  subdivided  as  fol-    1 
lows : 

Feet. 

Wet  clay  and  grave! 782  1 

Moderately  hard  rock  and  thin  clay  veins 350 

Very  hard  rock 230 

*'        "        "    with  thin  clay  veins 54 

Decomposed  rock 3,020 

Total  4,436 

Some  portions  of  the  ground  were  very  wet.  Excavation 
was  carried  out  in  the  usual  manner.  The  working  hours 
were  three  shifts  of  eight  hours,  but  in  very  wet  places 
the  shifts  were  increased  to  four  of  six  hours.  Powder 
was  the  explosive  first  used;  in  September,  1880,  dyna- 
mite was  introduced.  Explosives  were  never  allowed  to 
be  taken  into  the  workings,  except  in  small  quantities  as 
required,  and  then  only  by   men  expressly  appointed  to 


take  charge  of  them  ;  and  they  were  only  given  out  on 
the  order  of  the  foreman  in  charge.  The  timbering  was 
composed  of  green  Matsu  (pine),  the  poling  boards  be- 
ing i<4  in.  thick  by  9  to  12  in.  broad.  Some  trouble  was 
experienced  from  the  timbers  being  attacked  by  insects, 
but  carbolic  acid  injected  into  the  holes  made  by  them 
completely  checked  their  ravages.  The  tunnel,  as  before 
remarked,  is  on  a  sharp  curve  at  the  west  end,  and  for  the 
purpose  of  securing  accuracy  in  the  long  straight  portion 
the  west  entrance  was  taken  out  at  a  tangent  to  the  curve. 
The  size  of  the  headings  varied  from  7  ft.  by  7  ft.  to  8  ft. 
by  9  ft.,  depending  a  good  deal  on  the  nature  of  the  stuff 
worked  through.  In  driving  the  heading  through  rock, 
generally  three  or  four  holes  were  drilled,  2  or  3  ft.  deep, 
and  'i  t-o  i{  lb.  of  dynamite  was  placed  in  each;  this 
usually  loosened  the  rock  to  the  full  depth  of  the  holes, 
but  in  some  places  the  rock  was  so  hard  that  the  dyna- 
mite so  distributed  had  no  eftect.  and  a  larger  number  of 
holes  had  to  be  drilled  ;  even  then  only  6  to  9  in.  could  be 
got  out  in  24  hours,  and  as  many  as  30  or  40  drills  were 
worn  out  in  the  process  of  drilling  them.  In  driving  the 
heading  through  soft,  wet  strata,  it  was  usual  to  raise  the 
roof  from  2  to  3  ft.,  as  it  got  pressed  down  during  the 
operation  of  changing  the  timber  supports. 

When  much  water  was  met  with,  it  brought  out  large 
quantities  of  gravel  and  clay  with  it,  hollowing  out  the 
roof.  This  was  prevented  by  close  poling  covered  with 
mats  or  straw,  which  permitted  the  water  to  pass  through 
but  held  back  the  gravel  and  clay. 

Moderately  hard  rock  was  excavated  by  pick  or  chisel, 
blasting  being  only  occasionally  resorted  to.  In  one 
length  of  about  185  ft.  where  thin  veins  of  clay  were  inter- 
spersed, the  volume  of  water  was  so  great  as  to  fill  up  a 
length  of  1 1  ft.  of  the  heading  with  the  rubbish  brought 
in  with  it,  causing  a  delay  of  three  days;  and  at  various 
other  points  in  the  hard  rock,  owing  to  the  inrush  of  water, 
much  difficulty  was  experienced  in  drilling  and  charging 
the  holes  for  blasting.  Two  lines  of  railroad  of  2-ft.  gauge 
were  laid  down  for  removing  and  for  bringing  in  mate- 
rials. 

When  the  heading  had  been  driven  about  300  ft.,  the 
ventilation  became  very  bad  ;  to  improve  it  and  create  a 
current  of  air,  advantage  was  taken  of  a  stream  of  water 
coming  down  the  hill.  Two  conical  timber  troughs  were 
provided  ;  one  of  them,  with  the  larger  end  uppermost, 
was  placed  under  the  fall,  and  a  trough  from  near  the 
smaller  end  led  into  the  workings,  up  which  the  falling 
water  forced  a  current  of  fresh  air;  the  second,  with  the 
smaller  end  uppermost  under  the  fall,  drew  out  the  foul 
air  through  another  tube.  However,  constant  trouble 
and  interruption  occurred  through  the  timber  tubes  being 
knocked  about  and  leaking ;  tin  tubes  were  then  substi- 
tuted, and  this  arrangement  answered  pretty  well  until  a 
distance  of  about  1,440  ft.  from  the  entrance  was  reached, 
when  ventilation  again  became  very  deficient,  causing  fre- 
quent stoppages.  A  blower  3  ft.  in  diameter  was  then 
adopted,  driven  by  a  water-wheel  12  ft.  in  diameter  and 
connected  with  the  advanced  works  by  cast-iron  and  tin 
pipes.  This  answered  tolerably  well  for  a  time,  but  after 
about  5  months  the  air  became  bad  again.  The  next  ap- 
pliance used  was  an  air-compressor  and  turbine  ;  from 
the  time  this  was  put  to  work  there  was  not  much  trouble 
with  the  ventilation. 

Ingersoll  rock-drills  were  used  to  a  limited  extent;  they 
were  found  very  satisfactory  in  hard,  compact  rock,  but 
this  was  rare  in  the  tunnel,  the  rock  being  generally 
broken  up  or  interspersed  with  thin  clay  veins,  and  the 
powerful  percussion  of  these  drills  so  shook  the  rock  that 
holes  could  not  be  drilled  by  them. 

The  total  cost  of  the  tunnel  was  449457  yen,  that  is, 
about  $368,000,  being  about  $83  per  lineal  foot. 

The  principal  materials  used  in  the  construction  were  : 

Bricks,  number 2,704,640 

Cement  (Portland,  Fukugawa  and  Selenitic) 705  tons 

Lime 2,522  cub.  ft. 

Sand 90,288  cub.  ft. 

Stone 103,000  cub.  ft. 

The  original  paper  is  illustrated  with  numerous  sketches 
showing  the  progress  of  the  work  and  other  interesting 
features. 
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CATECHISM  OF  THE  LOCOMOTIVE. 

{Kevisgti  atiii  enlargtiL) 

By  M.  N.  Forney. 

(Copyright,  1887,  by  M.  N.  Forney.) 

CHAPTER  V. 
THE  EXPANSIVE  ACTION  OF  STEAM. 

Question  80.  How  is  the  exfnasne  lution  of  steam  reftrtetl 
Jo  in  tht'  ansiik'v  to  qiu-stiou  40  tttitized  in  steam  engines? 

Answer.  The  valve  and  its  movement  are  so  arranged  that 
the  steam-ports,  through  which  steam  is  admitted  to  the 
-cylinder,  are  each  open  during  a  portion  only  of  the  stroke  of 
the  piston.  When  it  has  moved  through  a  part  of  its  stroke, 
the  port  through  which  steam  is  entering  the  cylinder  is  closed, 
without  allowing  the  steam  which  has  been  admitted  to  the 
cylinder  to  escape,  until  the  piston  has  nearly  reached  the  end 
of  its  stroke.  Consequently  when  the  steam  is  thus  enclosed, 
or  "cut-olT"  as  it  is  termed,  its  expansive  action  continues  to 
exert  a  diminishing  pressure  against  the  piston  until  the  exhaust 
port  is  opened.  Thus,  in  fig.  20,  it  will  be  seen  that  the  valve 
has  nearly  closed  the  steam-port,  although  the  piston  has  not 
yet  reached  the  end  of  its  stroke.  Fig.  34  shows  the  valve  on 
an  enlarged  scale  in  the  position  it  occupies  when  the  steam- 
port  c  is  first  closed  ;  and  in  fig.  35  the  valve  is  represented 
after  it  has  moved  far  enough  to  begin  to  open  communication 
from  the  steam-port  c  10  the  exhaust-port   v  as  indicated  by 


Fig. 35 


the  dart  d.  While  the  valve  is  moving  from  the  position  in 
which  it  is  shown  in  fig.  34  to  that  represented  in  fig.  35,  it  is 
evident  that  the  steam-port  -  is  covered  by  the  valve,  and 
therefore  during  that  period  the  steam  is  confined  in  the  front 
end  of  the  cylinder  and  expands  as  the  piston  advances.  It 
thus  exerts  a  pressure  on  the  piston  after  the  steam-port  is 
closed.  As  the  piston  advances,  and  the  space  or  volume 
occupied  by  the  steam  in  the  cylinder  is  increased,  the  pressure 
of  the  steam  is  reduced  as  was  explained  in  answer  to  ques- 
tion 42. 

Question  81.  How  can  we  know  how  mmh  pivssuir  is  c.Mvlai 
by  the  steam  during  expansion  ? 

Answer.  As  long  ago  as  the  year  1662  Robert  Boyle,  from 
experiments  "ton.  Iiiml'  ilie  siiring  of  air,"  discovered  the  law 
that    '•  the pro^u,  ."   ^-as   ,it  a   eonst.int   temperotiiye 

varies  inversely  . I  ihes  ;"  or,  as  stated  in  answer 

to  question  42,  lh,\  .;.,  ;«,  , ,..,  ,v  proportional  to  eaeh  other.  Thus, 
suppose  we  have  a  long  cylinder, ./,  fig.  36,  with  a  piston,  a,  and 
that  the  space  below  the  piston  is  filled  with  air  of  15  lbs.  ab- 
solute pressure  per  square  inch — if  we  press  the  piston  down 
so  that  the  space  below  it  will  be  only  one-half  that  below  <;. 
as  shown  in  cylinder  B,  then  the  pressure  of  the  air  will 
be  30  lbs.  per  square  inch  or  donl>h-  what  it  was  in  ./.  Or 
if  the  space  below  the  piston  e  in  the  cylinder  E  is  filled 
with  air  of  100  lbs.  absolute  pressure  per  square  inch, 
and  we  allow  the  piston  to  rise,  as  shown  in  cylinder  C, 
so  that  the  space  below  it  will  be  double  what  it  is  in  E, 
then  the  pressure  of  the  air  will  be  50  lbs.  per  square  inch  or 
xine-halj  what  it  was  in  E.     The  same  principle  is  illustrated  by 


the  cylinders  /  and  E.  The  space  below  the  piston  i  is  full  of 
air  of  200  lbs,  pressure,  and  if  it  is  allowed  to  expand  to  double 
the  volume,  as  shown  in  /•.'.  the  pressure  will  be  halved  ;  or  con- 
versely if  the  piston  /  is  pressed  down  so  that  the  space  below 
it  has  only  hall  the  original  volume,  as  shown  in  /,  then  the 
pressure  of  the  air  will  be  doubled. 

Question  82.  How  may  the  aetion  of  this  law  h  illustrated  j\  r 
any  range  of  pressure  ? 

Answer.  It  may  be  represented  graphically  if  we  will  first 
draw  a  line,  J  A',  fig.  30,  and  divide  it  into  equal  divisions,  to 
any  convenient  scale,  10  represent  absolute  pressure  per  square 
inch  of  steam  as  indicated  by  the  figures  above  the  line.  Next 
a  vertical  line,  15  (/,  should  be  drawn  from  the  division  repre- 
senting 1 5  lbs.  pressure,  and  this  line  should  be  made  the  axis 
or  center  line  of  the  cylinder  ./.  Then  let  the  space  below  the 
piston.;  represent  to  any  convenient  scale  the  volume  occupied 
by  any  given  quantity  of  air  of  15  lbs.  prei-sure.  If,  now,  other 
cylinders  B.  C.  D.  E,  F.  G.  //and  /  be  drawn  with  vertical 
lines  erected  from  the  divisions  indicating  30,  50,75,  too,  125, 
150,  175  and  200  pressure  for  their  axes,  and  the  spaces  below 
their  pistons  be  made  \o  represent  the  volumes  of  air  of  30,  50, 
75,  etc.,  lbs.  pressure  per  squ.  re  inch,  the  positions  of  these  pis- 
tons above  the  line  /  A' will  represent  to  the  eye  the  relative 
volume  of  the  air  of  the  differeru  pressures.  Further,  if  we  draw 
a  curved  line,  a  h  c  d  e  f  g  h  1,  through  the  pistons,  its  vertical 
distance  above  the  line  /  A'at  any  given  point  will  represent  the 
:■  •hull,-  of  air  of  the  pressure  indicated  by  that  point.  Thus,  the 
length  of  the  dotted  line  40  w  represents  the  relative  volumeof 
air  at  40  lbs.  pressure,  compared  with  that  of  15  lbs.  shown  by 
the  line  15  a. 

QUESTION  83.  IIow  inav  the  pressure  of  air  of  different  xvl- 
umes  he  represented ? 

.his-oer.  If  a  vertical  line,  a  p.  fig.  37,  be  drawn  equal  to  a 
r5  of  fig.  36,  and  the  vertical  positions  of  the  pistons  ,1.  i>.  e,  etc., 
in  the  cylinders  ./,  B,  C.  etc.,  be  represented  by  the  horizontal 
lines  II  a',  A  />',  <<',  etc.,  and  we  lay  off  to  any  convenient  scale  a 
distance  a  (;'=I5,  /' A'^30,  ,  ('=50,  etc.,  and  draw  a  curve  .('  i'  e' 
— /'through  the  extremities  of  these  lines,  then  ihehorizonlal  dis- 


tance  of  this  curve  from  any  point  of  the  line  <;  p  will  represent 
the  pressure  of  air  of  a  volume  indicated  by  the  position  of  the 
point  on  17/.  It  will  be  understoodthat  the  distanced/' represents 
the  volume  of  air  at  15  lbs.  pressure,  and  that  the  distance  /'  p 
represents  its  volume  when  the  piston  has  been  pushed  down 
from  a  10  I'.  So  the  distance  from  plo  e  a'  e,  etc.,  represents  the 
volume  of  the  air  when  the  piston  has  been  forced  down  to 
these  points. 

Question  84.      Do  all  gases  act  in  eon/'ormity  with  Boyle's  law? 

Answer.  All  of  what  are  known  as  fixed  gases— that  is, 
those  which  cannot  be  readily  liquefied  by  cold  or  pressure — 
with  slight  variations,  act  in  accordance  with  this  law,  but 
steam  and  some  other  gases,  which  can  be  condensed  easily, 
vary  somewhat  from  it,  as  was  explained  in  answer  to  question 
45.  Some  of  the  reasons  for  this  variation  are  not  yet 
thoroughly  understood,  and  the  explanation  of  those  which 
are  would  require  the  use  of  mathematics,  and  the  expla 
of  abstruse  scientific  principles  which  would  be  out  of  pla 
an  elementary  book  like  this.  For  the  present  these  ' 
may  De  disregarded,  as  all  that  is  aimed  at  is  to  give  a  general 
idea  of  the  nature  of  the  law  which  governs  the  volume  and 
pressure  of  gases. 

Question  85.  How  ean  the  relation  existing  between  the  heat, 
pressure  ami  volume  of  steam  l>e  shown  ? 

Answer.  The  table  which  is  published  on  page  574  givi  s  the 
pressure,  the  temperature,  the  total  heat,  the  weight  ard  the 
relative  volume  of  steam  compared  with  the  water  from  which 
it  was  raised,  and  a  study  of  this  table  will  give  an  idea  of  the 
relation  referred  to.  Kut  as  it  is  difficult  to  get  a  clear  concep- 
tion of  a  general  law  from  so  many  figures,  we   will  illustrate 
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it  by  the  diagram,  fig.  36.  Let  it  be  supposed  that  each  of 
the  cylinders  represented  there  is  drawn  to  a  scale  of  >^in.=- 
I  fool  and  that  they  are  iSf.(  in.  in  dia  i  eter.  These  pistons, 
therefore,  have  an  area  of  276  sc|Uare  inches.  U  will  be  sup- 
posed further  that  a  pound  of  water  which  has  a  volume  of  27  6 
cubic  inches  is  put  Into  each  cylinder.  This  would  occupy  a 
space  in  the  bottom  of  the  cylinders  only  one-tenth  of  an  inch 
thick.  On  the  scale  to  which  the  diagram  is  drawn  it  is  im- 
possible to  represent  the  volume  of  the  water.  It  would  be 
less  than  the  space  between  the  dotted  lines  below  the 
piston.  From  what  has  been  said,  though,  an  idea  can  be 
formed  of  the  small  amount  of  space,  comparatively,  which  the 
water  would  occupy  in  the  cylinders.  If  heat  is  now  applied 
to  the  bottom  of  the  cylinder  ./,  so  as  to  convert  the  water  in 
it  into  steam,  it  will  push  the  piston  ,!  upward  against  the  pres- 
sure of  the  atmosphere  ;  and  if  the  piston  h;id  no  weight,  the 
steam  would  occupy  a  space  1, 610  times  as  great  as  that  of  the 
water.  The  space  below  the  piston,  which  is  shaded  with 
dotted  lines,  is  supposed  to  represent  the  volume  of  the  steam 
.and  is  drawn  to  a  scale  so  that,  if  the  reader  has  a  clear  con- 
ception of  the  space  which  the  water  occupied  in  the  cylinder, 


Question  86.  How  is  the  Umpetaturt  of  the  water  and  the 
total  heat  of  steam  shown  in  the  diagram  ? 

.Ins-oc-r.  To  show  this,  vertical  lines  15  I,  30  2,  50  3, 
etc. ,  are  drawn  from  the  points  on  the  horizontal  line  y  A'  which 
represent  15,  30,  50  lbs.  pressure.  On  these  lines  distances 
15  •'.  3"  2',  50  3',  etc.,  are  laid  off  in  a  scale  of  .V,  in.  — i(X)  de- 
grees, to  represent  the  temperature  at  which  water  boils  at  the 
pressure  indicated  by  the  figures  on  the  line/ A'.  A  curve,  i' 2' 3' 
— (/,  is  then  drawn  through  these  points,  and  its  vertical  distance 
from  any  point  in  the  line  /  A' represents  the  temperature  of 
water  corresponding  with  the  pressure  of  steam  indicated  by 
that  point  on  /  A'. 

It  has  already  been  explained  in  the  answer  to  (|uestion  62 
that  after  water  is  heated  up  to  the  boiling  point  that  an 
additional  amount  of  heat  must  be  imported  to  it  to  convert  it 
into  steam.  This,  with  that  which  is  ref|uired  to  heat  the  water, 
is  called  the  "total  heat"  of  steam.  In  the  table  this  heat  is 
given  in  degrees.  It  was  supposed  that  1  lb.  of  water  was 
put  into  each  of  the  cylinders  and  that  it  was  converted  into 
steam  of  the  pressures  indicated  by  the  figures  at  the  lower 
part  of  the  cylinders.     The  boiling  temperature  of  the  water 


o 
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Total  Heat  of  Steam 
Fi?.  36 


the  shaded  area  below  a  will  show  him  the  relative  volumes  of 
the  water  and  the  steam  generated  from  it. 

If  we  put  a  weight,  IV,  on  top  of  the  rod  P,  connected  to  the 
piston  /',  equal  to  15  X  276^4, 140  lbs.,  with  the  pressure  of  the 
atmosphere  it  will  produce  a  pressure  downward  equal  to  an 
upward  pressure  below  the  piston  of  30  lbs.  per  square  inch. 
If  under  these  conditions  the  water  in  the  cylinder  was  con- 
verted into  steam,  it  will  raise  the  piston  up  so  that  the  steam 
will  occupy  a  space  S3S  times  or  a  little  more  than  half  as  much 
as  it  would  occupy  with  only  15  lbs.  pressure.  In  the  same 
way  the  pistons  c,  •/,  e.  /,  ^'.  /;  and  /  are  each  supposed  to  be 
loaded,  so  that  the  pressure  required  to  raise  them  will  be  50, 
75,  100,  125,  150.  175  and  200  lbs.  per  square  inch  respectively. 
The  spaces  occupied  by  the  steam  would  then  be  518,  353,  270, 
2iy,  1S4,  159  and  141  times  that  of  the  water.  The  shaded 
areas  below  the  pistons  represent  the  volume  of  i  lb.  of  steam 
of  the  pressures  indicated.  The  curve  i>  l>  c — /  drawn  through 
the  pistons  will  then  represent  the  relative  volumes  of  steam  of 
different  pressures  just  as  it  did  of  air  already  described.  The 
slight  difference  in  the  volumes  of  air  and  steam  due  to  tem- 
perature and  other  causes  may  for  the  present  be  disregarded. 
The  diagram,  fig.  37,  shows  the  pressure  of  steam  of  different 
volumes  just  as  it  does  of  air,  which  has  been  explained. 


therefore  represents  units  of  heat.  If  we  extend  t'-e  vertica. 
lines  below/ A' and  lay  off  on  15  I.  30  2,  503,  etc.,  the  num- 
ber of  degrees  of  total  heat — to  the  same  scale  as  before — re- 
quired to  convert  the  water  into  steam,  and  draw  a  curve 
through  the  extremities  i  2  3—9  its  vertical  distance  below 
y  A' will  represent  the  total  units  of  heat  required  to  convert 
I  lb.  of  water  into  steam  of  the  pressure  indicated  on  /  A'.  The 
area  below  /  K  and  the  curve  i  2  3—9  is  shaded  with  lines 
in  one  direction  only,  while  that  between  y  K  and  :',  2',  3' — 9'  is 
shaded  with  cross  lines.  These  shaded  areas  convey  a  clear 
idea  to  the  mind  of  the  quantity  of  heat  in  a  pound  of  steam  of 
different  pressures. 

Question  87.  What  is  the  relative  quantity  of  heat  required 
to  con-rert  a  ,i;lTen  weight  of  water  into  steam  of  different  pressures  ? 

Answer.  The  number'of  degrees  or  units  of  heat  required  to 
boil  I  lb.  of  water  under  the  pressures  indicated  is  given  in 
figures  on  the  vertical  lines  15  i',  25  2',  503',  etc.,  and  the  total 
units  of  heat  required  to  evaporate  the  same  quantity  of  water 
from  zero  is  given  on  the  lines  i'  i,  2'  2,  3'  3,  etc.  From  these 
figures  and  also  from  the  shape  of  the  curve,  it  will  be  seen  that 
it  requires  i6g  more  units  of  heat  to  make  water  boil  under  a 
pressure  of  2(X>  lbs.  than  is  required  with  atmospheric  pressure 
of  15  lbs.     Somewhat  less  heat  is  needed,  though,  to  convert 
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boiling  water  into  steam,  as  the  pressure  increases.  It  will  also 
be  noticed  that  the  total  heat  is  very  little  more  for  the  high 
pressures  than  for  that  of  the  atmosphere. 

Question  S8.  llo;v  am  uu-  ,l,Uiniiiu-  hv .•xperiment  the pmsur,- 
cf  the  steam  in  the  cylinder  at  all  points  of  the  stroke  of  the  piston  ? 

Ansivrr.  By  the  use  of  an  instrument  made  for  that  pur- 
pose, c.Tlled  an  indicator.  Its  action  can  be  best  explained  bv 
supposing  that  we  have  a  small  cylinder,  C,  with  a  piston,  f. 
fig-  3^^  (.shown  on  an  enlarged  scale  in  fiK.  39),  and  that  the 
cylinder  is  connected  by  a  pipe,   i'",  to  the  front  end   /'of  the 


in  fig.  3S.  we  admit  steam  of  85  lbs.  effective  pressure  per 
square  inch  (which  is  equal  to  100  lbs.  absolute  pressure)  into 
the  cylinder  A.  it  will  be  conveyed  through  the  pipe  /  U  to  the 
cylmder  Cand  will  force  up  the  piston  ^f;  or  2's  inches  above 
the  atmospheric  line,  or  '/'„"  or  7.%,  inches  above  the  vacuum 
line,  as  shown  in  fig.  40,  and  the  pencil  will  draw  a  vertical 
line,  .,'  /,  on  the  card  (represented  by  a  dotted  line  in  fig.  40). 
We  will  suppose  further  that  steam  is  admitted  during  S  inches 
of  the  stroke  and  is  then  cut  off.  When  the  piston  B,  fig.  38, 
has  moved  that  distance,  which  is  one-third  of  its  stroke,  the 


cylinder  ./,  so  that  when  steam  is  admitted  to  that  end,  it  vvil 
be  conducted  to  C  through  the  pipe  L'.  Over  the  small  piston 
7"  and  attached  to  it  is  a  spiral  spring,  s,  which  is  compressed 
when  the  piston  rises  and  extended  when  it  falls.  To  the  top 
of  the  piston-rod  T.  fig.  39,  a  pencil,  IV,  is  attached.  Behind 
this  pencil  we  will  suppose  there  is  a  card,  a  b  d  c,  and  that  this 
card  is  so  arranged  that  we  can  slide  it  horizontally  and  in  con- 
tact with  the  pencil  point.  With  only  the  pressure  of  the  at- 
mosphere above  and  below  the  piston  7",  the  spring  would  be 
neither  compressed  nor  extended,  and  the  piston  would  then 
stand  in  the  position  shown  in  fig.  39.  If,  now,  we  move  the 
card  horizontally,  the  pencil  will  draw  a  line,  ;'  //,  called  the 
atmospheric  line.  We  will  now  suppose  that  the  tension  of  the 
spring  is  such  that  a  pressure  of  10  lbs.  per  square  inch  above 
or  below  the  piston  will  either  extend  or  compress  the  spring 
J4  inch.  In  other  words,  every  pound  of  pressure  per  square 
inch  in  the  piston  will  move  it  ^'5  of  an  inch.  If  we  could  pro- 
duce a  vacuum  under  the  piston,  it  would  be  pressed  down  by 
the  atmosphere  above  it  ^,  or  y%  of  an  inch.     If,   when  it  is 


thus  depressed,  we  again  slide  the  card  along  in  contact  with 
the  pencil-point,  it  will  draw  another  line,  ,,  /,  called  the 
vacuum-line.  Assuming  that  we  have  drawn  these  two  lines, 
and  that  the  piston  and  card  are  in  the  position  shown  in  figs. 
38  and  39,  we  will  then  suppose  that  a  reciprocating  motion 
can  be  given  to  the  card  by  the  lever  L  M  N,  fig.  3S,  which  is 
pivoted  at  M  and  attached  at  X  to  the  cross-head  by  a  short 
connecting-rod,  /■'.  It  is  obvious  that  by  connecting  the  upper 
end  L  of  the  lever  with  a  rod,  e  L,  to  the  card  a  />  c  d,  the  latter 
will  be  moved  backwards  and  forwards  by  the  motion  of  the 
piston  B.  and  that  the  motion  of  the  c  ard  will  be  simultaneous 
with  that  of  the  piston,  but  of  course  of  shorter  stroke.  We 
will  assume  that  the  stroke  of  the  card  is  equal  to  the  length 
of  the  atmospheric  and  vacuum  lines  i'/;  and  e  f,  fig.  39.  If, 
now,  the  piston  being  at  the  beginning  of  the  stroke  as  shown 


card  will  also  have  moved  one-third  of  its  stroke,  and  will  stand 
in  relation  to  the  pencil  in  the  position  represented  in  fig.  41, 
and  as  the  absolute  steam  pressure  in  the  cylinder  was  main- 
tained at  100  lbs.  while  the  card  was  moving  that  distance,  the 
pencil  will  have  drawn  a  horizontal  line,  ;  /.  The  steam  is 
now  cut  off  and  begins  to  expand,  and  its  pressure  is  thereby 
reduced.  When  the  piston  of  the  engine  is  at  half-stroke,  the 
card  will  also  be  at  half-stroke,  and  the  steam  will  be  expanded 
from  8  to  12  inches  of  the  stroke.  ISy  the  rule  given  in  the 
answer  to  question  39,  its  absolute  pressure  would  then  be 
66-3  lbs.,  and  the  indicator-piston  will  then  be  pressed  down 
by  the  spring,  so  that  the  pencil  will  stand  in  the  position 
shown  in  fig.  42,  or  66- .,  fortieths  of  an  inch  above  the  atmos- 
pheric line.  The  pencil  meanwhile  will  have  drawn  the  curved 
line  /  k.  When  the  piston  has  moved  16  inches,  the  steam  will 
be  expanded  to  double  its  volume,  and  its  ,-ibsolute  pressure  will 
therefore  be  50  lbs.,  and  consequently  the  pencil  will  stand  50 
fortieths  or  i]4  in.  above  the  atmospheric  line  as  shown  in 
fig.  43,  and  the  pencil  will  have  continued  the  curve  /  k  to  /. 
At  20  in.  the  steam  will  have  40  lbs.,  and  at  the  com- 
pletion of  the  stroke  33-j  lbs.  absolute  pressure,  and  the  pencil 
will  have  completed  the  curve  /  t  I  m  n.  as  shown  in  figs.  44 
and  45.  This  curve  is  called  the  expansion  curie,  and  its  form 
approximates  to  what  mathematicians  call  a  hyperbolic  curve. 
If  the  steam  is  exhausted,  the  indicator-piston  will  descend  and 
carry  the  pencil  down  to  the  atmospheric  line,  and  the  vertical 
line  n  h.  fig.  46,  will  be  drawn.  On  the  return  stroke,  after  the 
steam  is  exhausted  from  the  engine  cylinder  ./.  fig.  38,  the 
pencil  would  draw  the  atmospheric  line  .;-  /;,  fig.  46,  thus  showing 
that  there  is  no  steam  pressure  under  the  piston. 

Such  a  diagram  is  called  an  indicator  diagram.*  In  practice 
there  are  a  great  many  influences  which  modify  it,  such  as  con- 
densation, performance  of  work,  imperfection  of  valve  gear, 
etc.,  but  for  the  present  these  are  disregarded. 

QtJESTION  89.  I/ow  can  we  ascertain  the  pressure  of  the  steam 
for  any  point  of  the  stroke  from  such  a  diagram? 

.Answer.     By  measuring  the  vertical  distance  of  the  expan- 
sion curve  (fig.  46)  from  the  vacuum  or  the  atmospheric  line, 
as  for  example  S  /,  12  k,  16  /,  20  m.     .-Vs  the   indicator  spring 
is  extended  or  compressed  one-fortieth  of  an  inchf  for  every 
pound  of  pressure  per  square  inch,  either  above  or   below  the 
indicator   piston,  if   we   construct  a  scale,  .S"  S,  fig.  46,  divided 
into  divisions  of  one-fortieth  of  an  inch  each,  one  of  them  will 
represent  one  pound  of  pressure  per  square  inch  if  measured 
1    vertically  from  the  atmospheric  or  vacuum  line.     If  we  sub- 
,    divide  the  vacuum  line  with  the  same  number  of  parts  as  there- 
i    are  inches  in  the  stroke  of  the  piston  (see  fig.  47)  we  can  draw 

♦The  indicator  used  in  practice,  to  show  the  action  of  the  steam  in  the 
cylinders  of  steam  engines,  differs  essentially  in  us  construction  from  that 
which  we  have  described.  The  principles  of  operation  are,  however,  the 
same  in  both.    We  will  explain  the  construction  of  an  indicator  hereafter. 
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vertical  lines  from  these  points  and  thus  determine  the  pres- 
sure by  comparing  the  length  of  such  lines  with  the  scale  A"  .S'. 
Thus  the  line  S  /  measures  lo"  fortieths  of  an  inch,  thus  show- 
ing that  the  absolute  steam  pressure  at  S  inches  of  the  stroke 
was  100  lbs.  per  square  inch  ;  the  line  12  I;  measures  66 -'i  for- 
tieths of  an  inch,  thus  showing  that  at  t2  in.  of  the  stroke  the 
steam  pressure  was  66=^  lbs.  At  16,  20  and  24  in.  of  the 
stroke  the  vertical  lines  measure  50,  40  and  33?;  fortieths  ; 
and,  therefore,  there  were  that  number  of  pounds  of  steam 
pressure  when  the  piston  was  at  the  point  of  the  stroke  named. 
Similar  measurements  c<iuld  be  made  from  other  points,  such 
as  2,  6,  10,  or  any  other  number  of  inches  of  (he  stroke.  Of 
course,  if  we  measure  from  the  vacuum  line  we  will  have  the 


Fig.  40 


Fig.  43 


absolute  steam  pressure,  or  the  pressure  above-  a  vaciiutii,  as  it 
is  sometimes  called  ;  if  we  measure  from  the  atmospheric  line 
we  will  have  the  effective  pressure,  or  the  pressure  above  the 
aUnosphere. 

Question  go.  How  can  we  determine  the  average  pressure  dur- 
ing the  whole  stroke  of  steam  which  works  expansively  ? 

Answer.  This  can  be  determined  approximately  by  the  fol- 
lowing method  :  In  the  first  place,  divide  the  vacuum  line  (fig. 
47)  into  any  number  of  equal  divisions,  say  six.  From  the 
points  of  division,  4,  8,  12,  16  and  20,  which  in  this  case  cor- 
respond with  the  points  which  represent  inches  of  the  stroke, 
draw  perpendicular  lines,  which  will  divide  the  indicator  dia- 
gram into  six  divisions.  It  is  obvious  that  during  the  time  the 
steam  is  working  full  stroke  the  pressure  is  uniformly  100  lbs. 
absolute.  While  the  piston  is  moving  from  8  to  12  in.,  the 
pressure  falls  from  100  to  66J3  lbs.,  so  that  at  10  in.  we  have 


ery  nearly  the  average  pressure  during  the  period  named.  So 
from  12  to  16,  16  to  20  and  20  to  24  the  average  is  nearly  57.1, 
44.4  and  36.3  lbs.,  respectively.     Now,  iiv  adding  together 

THE  PRESSURES  IN  THE  MIDDLE  OF  EACH  ONE  OF  A  NUMBER  OF 
EQUAL  DIVISIONS  OF  THE  STROKE  AND  DIVIUINC  BY  THE  NUM- 
B  R  OF  DIVISIONS,  WE  WILL  OUTAIN  AITROXIMATELV  THE  AVER- 
A  E  ABSOLUTE  PRESSURB  DURING  THE  WHOLE  STROKE.  To  GET 
T     E  AVERAGE  EFFECTIVE  PRESSURE,  DEDUCT  THE   ATMOSl'llERIC 

p.<ESSURE  I'RO.M  THE  RESULP.  The  Calculation  would  in  the 
ab:ve  case  be  as  follows  : 

100    lbs. 


So  ■ 
57.1 
44-4 
36.3 


69.6  =  Average  absolute  pressure. 


54.6 —  Average  effective  pressure. 
A    more   accurate    way  of   calculating  the  average  or  mean 
pressure,  as  it  is  called,  when  steam  is  used   expansively,  and 
the  one  which  is  usually  employed,  is  to  divide  the  length 

OF  THK  piston's  STROKE  IN  INCHES  BY  THE  NUMBER  OF  INCHES 
AT  WHICH  THE  STEAM  IS  CUT  OFF  :  THE  QUOTIENT  IS  THE  RATIO 
OF  EXPANSION.  GeT  THE  HYPERBOLIC  LOGARITHM  OF  THE 
RATIO  OF  E,XPANSION  FROM  THE  TABLE  OF  LOGARITHMS  (on  an- 
other page),  ADD  I  TO  IT,  AND  DIVIDE  THE  SUM  BY  THE  RATIO 
OF  EXPANSION  AND  MULTIPLY  THE  QUOTIENT  BY  THE  MEAN  AB- 
SOLUTE STEAM  PRESSURE  IN  THE  CYLINDER  DURING  ITS  ADMIS- 
SION. The  RESULT  will  be  the  mean  ABSOLUTE  PRESSURE 
DURING  THE  STROKE.  To  GET  THE  MEAN  EFFECTIVE  PRESSURE, 
DEDUCT  ATMOSPHERIC  PRESSURE. 

The  calculation  for  the  above  example  would  be  as  follows  : 

24 

^  ^  3  =  Ratio  of  expansion. 

1.0986  -f  I 

X  100  =  69.95  ^  Mean  absolute  pressure. 

69.95  — 15  ^  54.95  ^  Mean  effective  pressure. 

Question  91.  What  advantages  result  from  using  steam  ex- 
pansively ? 

Answer.  The  most  important  one  is  that  considerably  more 
work  can  be  done  with  a  given  amount  of  fuel  if  the  steam 
generated   thereby   is   worked   expansively  than   if  it  is    not. 

This  is  shown  by  the  diagram.  Fig.  36,  in  which  a  pound  of 
water  is  supposed  to  be  converted  into  steam  of  15  lbs.  pres- 
sure in  the  cylinder  A.  As  already  explained  this  takes  1,178 
•  units  of  heat.     By  the  addition  of  52  units,  or  a  little  over  + 


Fig.  47- 


per  cent,  more,  the  water  would  have  been  converted  into 
steam  of  200  lbs.  pressure  as  shown  in  the  cylinder  /.     At  this 

pressure,  if  allowed  to  act  expansively,  it  would  do  a  much 
larger  amount  of  work  than  a  pound  of  steam  of  15  lbs.  pres- 
sure, and,  as  has  been  pointed  out,  very  little  more  heat  is  re- 
quired to  convert  a  given  weight  of  water  in  steam  of  high 
pressure  than  is  needed  to  produce  steam  of  a  low  pressure. 

Next,  the  pressure  exerted  on  the  crank  is  equalized  by  ex- 
pansive action,  and  lastly,  the  strain  and  shocks  to  the  mechan- 
ism which  are  produced  by  the  rapid  motion  of  the  piston  and 
other  reciprocating  and  revolving  parts  of  the  engine  are  very 
much  diminished  by  allowing  the  steam  to  expand,  and  thus 
become  reduced  in  pressure  during  the  latter  part  of  the 
stroke. 

Question  92.  How  is  fuel  saved  by  using  steam  expansively  f 
Answer.  By  utilizing  its  capacity  to  expand  to  do  work. 
This  energy,  which  steam  can  exert  by  expanding,  would  be 
lost  if  the  steam  escaped  from  the  cylinder  at  the  pressure  that 
it  entered  it.  This  can  be  illustrated  by  the  diagram,  fig.  47, 
in  which  steam  is  supposed  to  be  admitted  during  one-fourth 
of  the  stroke  of  the  piston  at  a  working  pressure  of  85  lbs. 
The  average  effective  pressvire  during  the  whole  stroke,  it  was 
shown,  was  54.95  lbs.     This  pressure  acting  on  a  piston  of   16 
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TAiii-K  OF  hvpi;rroi.ic  logarithms. 
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in.  diameter,  which  has  201  square  inches  area  would  produce 
an  effect  equal  to  54.95  X  201  =  11,044.9  lbs.  Therefore,  if  the 
piston  moves  two  feet,  it  would  exert  11,044  9  X  2=22,089.8 
foot  pounds  of  work  at  each  stroke.  Supposing  though,  that 
instead  of  cutting  off  steam  at  one-quarter  of  the  stroke  and 
then  allowing  it  to  expand,  that  steam  had  been  admitted  until 
the  piston  had  reached  the  end  of  the  cylinder.  The  pressure 
through  the  whole  stroke  would  then  have  been  100  lbs.  abso- 
lute,  or  85  lbs.  effective,  and  the  amount  of  work  done  during 
one  stroke  of  two  feet,  would  be  95  X  2"i  X  2  =  38,190  foot 
pounds.     It  must  be  noted  that  in  the  first  instance,  only  one- 


quarter  of  a  cylinderful  of  live  steam  was  used,  and  in  the  second 
thewhole  cylinder  was  lilled  from  the  boiler,  so  that  by  using 
the  steam  expansively  on,-;imu-te,  of  .;  cylindtrjtil  did  eltvjn 
nineteenths,  ornearly  one-half  as  mmh  work  as  a  whole  cylinder. 
Jul  of  the  same  pressure  which  was  not  expanded.  On  the  other 
hand,  if  steam  of  a  pressure  equal  to  the  average  pressure  is 
worked  full  stroke,  it  would  exert  exactly  the  same  force  on 
the  piston  as  the  steam  of  higher  tension  did  when  working 
expansively,  but  in  the  latter  case,  when  the  piston  reaches 
the  end  of  the  stroke,  the  final  pressure,  a^  it  is  called,  would 
be  considerably  lower  than  in  the  other.     The  expansive  force 
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PROPERTIES  OF  SATURATED  STEAM. 
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.0289 

2157 

96 

324.8 

1212.5 

2219 

12 

202.0 

1175.0 

.0314 

1936 

97 

82:3 

325.6 

1212.8 

.2241 

13 

205.  S 

1176.2 

.0338 

1842 

98 

83.3 

326.3 

1213.0 

.2263 

U 

209.6 

1177.3 

.0362 

1720 

99 

84.3 

327.1 

1213.2 

2285 

14. 

"o. 

212.0 

1178.1 

.0380 

1642 

100 

85.3 

327.9 

1213.4 

12307 
.2329 

16 

.3 

213.1 

1178.4 

.0387 

1610 

101 

86.3 

328.5 

1213.6 

16 

1.3 

216.3 

1179.4 

.0411 

1515 

102 

87.3 

1213.8 

.235] 

17 

2.3 

219.6 

1180.3 

.0435 

1431 

103 

329.9 

1214.0 

.2373 

18 

3.3 

222.4 

1181.2 

.0459 

1357 

104 

89.3 

330.6 

1214.2 

.2393 

260  ' 

19 

4.3 

225.3 

1182.1 

.0483 

1290 

105 

90.3 

331.3 

1214.4 

.2414 

257 
255 
253 
251 
249 

20 

5.3 

228.0 

1182.9 

.0507 

1229 

106 

91.3 

331.9 

1214.6 

.2435 

21 

6.3 

230.  G 

1183.7 

.0531 

1174 

107 

92.3 

332.6 

1214:8 

.2456 

22 

7.3 

233.1 

1184.5 

.0555 

1123 

108 

93.3 

333.3 

1215.0 

^2477 

23 

8.3 

235.5 

1185.2 

.0580 

1075 

109 

94.3 

334.0 

1215.3 

.2499 

24 

9.3 

237.8 

1185.9 

.0601 

1036 

110 

95.3 

334.6 

1215.5 

.2521 

247 
245 

25 

10.3 

240.1 

1186.6 

.0625 

996 

111 

96.3 

335.3 

1215.7 

.2543 

26 

11.3 

242.3 

1187.3 

.0650 

958 

112 

97.3 

336.0 

1215.9 

.2564 

243 

27 

12.3 

244.4 

1187.8 

.0673 

926 

113 

98.3 

336.7 

1216.1 

.2586 

241 
239 

28 

13.3 

246.4 

1188.4 

.0696 

895 

114 

99.3 

337.4 

1216.3 

.2607 

29 

14.3 

248.4 

1189.1 

.0719 

866 

115 

100.3 

338.0 

1216.5 

.2628 

237 
235 

30 

15.3 

250.4 

1189.8 

.0743 

838 

116 

101.3 

1216.7 

.2640 

31 

16.3 

252.2 

1190.4 

.0766 

813 

117 

102.3 

339!  3 

1216.9 

!2671 

233 

*  32 

17.3 

254.1 

1190. 9 

.0789 

789 

118 

103.3 

339.9 

1217.1 

.  2696 

231 

33 

18.3 

255.9 

1191.5 

.0812 

767 

119 

104.3 

340.5 

1217.3 

.  2738 

229 

34= 

19.3 

257.6 

1192.0 

.0835 

746 

120 

105.3 

341.1 

1217.4 

.2759 

227 

35 

20.3 

259.3 

1192.5 

0858 

726 

121 

106.3 

341.8 

1217.6 

.2780 

225 

36 

21.3 

260.9 

1193.0 

.0881 

707 

122 

107.3 

342.4 

1217.8 

.2801 

224 

37 

22.3 

262.6 

1193.5 

.0905 

688 

123 

108.3 

343.0 

1218.0 

^2822 

222 

38 

23.3 

264.2 

1194.0 

.0929 

671 

124 

109.3 

343.6 

1218.2 

.  2845 

221 

39 

24.3 

265.8 

1194.5 

.0952 

G55 

125 

110.3 

344.2 

1218.4 

.2867 

219 

40 

25.3 

267.3 

1194.9 

.0974 

640 

126 

111.3 

344.8 

1218.6 

.2889 

217 

41 

26.3 

268.7 

1195.4 

.0996 

625 

127 

112.3 

345.4 

1218.8 

.2911 

215 

42 

27.3 

270.2 

1195.8 

.1020 

611 

128 

113.3 

346.0 

1218.9 

214 

43 

28.3 

271.6 

1196.2 

.1042 

598 ; 

129 

114.3 

346.6 

1219.1 

2955 

212 

44 

29.3 

273.0 

119G.6 

.1065 

585 

130 

115.3 

347.2 

1219.3 

^2977 

211 

45 

30.3 

274.4 

1197.1 

.1089 

572 

131 

116.3 

347.8 

1219.5 

.2999 

209 

46 

31.3 

275.8 

1197.5 

.1111 

561 

132 

117.3 

348.3 

1219.6 

208 

47 

32.3 

277.1 

1197.9 

.1133 

550  ' 

133 

118.3 

348.9 

1219.8 

!3040 

206 

48 

33.3 

278.4 

1198.3 

.1156 

539 

134 

119.3 

349.5 

1220.0 

.3060 

205 

49 

34.3 

279.7 

1198.7 

.1179 

529  1 

135 

120.3 

350.1 

1220.2 

.3080 

203 

60 

35.3 

281.0 

1199.1 

.1202 

518  ' 

136 

121.3 

350.6 

1220.3 

.3101 

202 

51 

36.3 

282.3 

1199.5 

.1224 

509 

137 

122.3 

351.2 

1220.5 

.3121 

200 

52 

37.3 

283.5 

1199.9 

.1246 

500  : 

138 

123.3 

351.8 

1220.7 

.3142 

199 

53 

38.3 

284.7 

1200.3 

.1269 

491 

139 

124.3 

352.4 

1220.9 

.3162 

198 

64 

39.3 

285.9 

1200.6 

.1291 

482 

140 

125.3 

352.9 

1221.0 

.3184 

197 

65 

40.3 

287.1 

1201.0 

.1314 

474 

141 

126.3 

353.5 

1221.2 

.3206 

195 

66 

41.3 

288.2 

1201.3 

.1336 

466 

142 

127.3 

354.0 

1221.4 

.3228 

194 

67 

42.3 

289.3 

1201.7 

.1364 

458 

143 

128.3 

354.5 

1221.6 

.3250 

193 

68 

43.3 

290.4 

1202.0 

.1380 

451  1 

144 

129.3 

355.0 

1221.7 

.3273 

192 

69 

44.3 

291.6 

1202.4 

.1403 

444  i 

145 

130.3 

355.6 

1221.9 

.3294 

190 

60 

45.3 

292.7 

1202.7 

.1425 

437 

146 

131.3 

356.1 

12220 

.3315 

189 

61 

46  3 

293.8 

1203.1 

.1447 

430  1 

147 

132.3 

356.7 

12222 

188 

62 

47.3 

294.8 

1203.4 

.1469 

424  ! 

148 

133.3 

357.2 

1222.3 

!3357 

187 

63 

48.3 

295.9 

1203.7 

.1493 

417  1  149  1 

134.3 

357.8 

1222.5 

.3377 

186 

64 

49.3 

296.9 

1204.0 

.1516 

411 

160 

135.3 

358.3 

1222.7 

.3397 

J84 

65 

50.3 

298.0 

1204.3 

.1538 

405  1 

155 

140.3 

361.0 

1223.6 

.3500 

179 

66 

51.3 

299.0 

1204.6 

.1560 

399 

160 

145.3 

363.4 

1224.2 

.3607 

174 

67 

52.3 

300.0 

1204.9 

.1583 

165 

150.3 

366  0 

1224.9 

.3714 

169 

68 

53.3 

300.9 

1205.2 

.1605 

388  I 

170 

155.3 

368.2 

1225.7 

.3821 

164 

69 

54.3 

301.9 

1205.5 

.1627 

383  1 

175 

160.3 

370.8 

1226.4 

.3928 

159 

70 

65.3 

302.9 

1205.8 

.1648 

378 

180 

165.3 

372.9 

1227.1 

.4035 

155 

71 

66.3 

303.9 

1206.1 

.1670 

373 

185 

170.3 

375.3 

1227.8 

.4142 

151 

72 

57.3 

304.8 

1206.3 

.1692 

368  j 

190 

175.3 

377.5 

1228.5 

.4250 

148 

73 

58.3 

305.7 

1206.6 

.1714 

363 

195 

180.3 

379.7 

1229.2 

.4357 

144 

74 

69.3 

306.6 

1206.9 

.1736 

q^g 

200 

185.3 

381.7 

1229.8 

.4464 

141 

76 

60.3 

307.5 

1307.2 

.1759 

853 

210 

195.3 

386.0 

1231.1 

.4668 

135 

76 

61.3 

308.4 

1207.4 

.1782 

349 

220 

205.3 

.4872 

129 

77 

62.3 

309.3 

1207.7 

.1804 

345 

230 

215.3 

393!  8 

123315 

.5072 

123 

78 

63  3 

310.2 

1208.0 

341 

240 

225.3 

397.5 

1234.6 

.5270 

119 

79 

643 

311.1 

1208.3 

;i848 

337 

250 

235.3 

401.1 

1235.7 

.5471 

114 

80 

65.3 

312.0 

1208.5 

.1869 

333 

260 

245.3 

404.5 

1236.8 

.5670 

110 

81 

66.3 

312.8 

1208.8 

.1891 

329 

270 

255.3 

407.9 

1237.8 

.5871 

106 

82 

67.3 

313.6 

1209.1 

.1913 

325  1 

280 

265.3 

411.2 

1238.8 

.6070 

102 

83 

68.3 

314.5 

1209.4 

.1935 

321  j 

290 

275.3 

414.4 

1239.8 

99 

,84 

69.3 

315.3 

1209.6 

.1957 

318 

300 

285.3 

417.5 

1240.7 

!6469 

*"  96 

85 

70.3 

316.1 

1209.9 

.1980 

314 

1 
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of  steam  represents  ener^^y,  or  capacity  for  doing  xvoik,  and, 
therefore,  if  we  allow  it  to  escape  with  .a  comparatively  high 
pressure  without  doing  work,  it  is  a  waste  of  energy.  To  illus- 
trate this,  we  will  take  the  same  conditions  wliich  were  used 
in  the  answer  to  question  87,  in  calculating  the  average  pres- 
sure. In  that  case,  the  mean  absolute  pressure  of  the  steam 
was  69.95  lbs.  per  square  in.,  but  the  pressure  atthe  end  of  the 
stroke,  when  the  steam  escaped,  was  only  33-^  lbs.  absolute. 
If,  therefore,  steam  had  been  used  of  the  averai^^e  pressure 
through  the  whole  stroke,  it  would  have  escaped  with  a  pres- 
sure of  69.95  lbs.,  or  more  than  twice  that  of  the  e.xpanded 
steam,  and  the  work  done  in  both  cases  would  have  been  the 
same. 

Qui-.STION  93.  Can  the  economy  of  -vorking  sle.itn  expansively 
be  shown  in  any  other  way  ? 

Answer.  Yes,  it  caii  be  shown  if  we  know  the  "total 
heat"  contained  in  a  given  quantity  of  steam  used  expansively 
and  that  in  steam  which  has  been  used  without  e.Kpansion,  and 
then  compare  the  two  quantities  with  theam<'unt  of  work  done 
under  the  two  different  conditions. 

For  the  basis  of  the  circulations  the  same  data  and  dimen- 
sions will  be  employed  that  were  used  in  the  previous  illustra- 
tion :  that  is.  a  cylinder  of  16  in.  diameter,  and  piston  with  24 
in.  stroke,  and  steam  of  100  lbs.  absolute  pressure  cut  off  at  8 
in.  of  the  stroke.     We  will   suppose,  further,   that  the   steam 
used  is  generated  from  water  of  a  temperature  of  60  degrees, 
and  we  will  then  calculate  the  total  number  of  units  of  heat  in 
the  steam  used  for  each  stroke  of  the  piston.     The   area   of  a  , 
piston  16  in,  in  diameter  is  201  square  in.;  and  as  the  steam  is 
admitted   until  the  piston  moves  8  in.  of  its  stroke,  therefore 
the  quantitv  of  steam  would  be  8  times  201  cubic  in.,  or 
1 60S 
201  X  S  =  160S  cubic  in.  =  — Tg  cubic  ft. 

From  the  table  it  will  be  seen  that  one  cubic  foot  of  steam  of 
100  lbs.  pressure  weighs  0.2307  lbs.;  therefore,  the  weight   of 
the  fraction  of  a  cubic  foot  given  above  would  be  calculated  as 
follows  : 
2307  X  if)o8 

='. 2146  lbs.  =  weight  of  160S  cubic  in.   of  steam 

of  100  lbs.  absolute  pressure. 

From  the  table  it  will  be  seen  that  the  total  heat  above  zero 
of  steam  of  100  lbs.  absolute  pressure  is  1213.4  degrees.  It 
was  explained  in  the  answer  to  question  57  that  one  pound  of 
water  healed  one  degree  is  the  standard  of  measurement  or 
unit  of  heal.  Mow,  if  we  have  i  lb.  of  water  with  a  tem- 
perature of  zero,  evidently  it  will  take  1213.4  units  of  heat  10 
convert  it  into  steam  of  100  lbs.  absolute  pressure.  But  as  the 
water  from  which  our  steam  was  generated  had  a  temperature 
of  60  degrees,  we  must  deduct  that  much  from  1213.4  :  1213.4 
—  60.  "=  Ii53.4  =  units  of  heat  in  one  pound  of  steam  of  100 
lbs.  absolute  pressure  generated  from  water  of  60  degrees  tem- 
perature. 

If  then  one  pound  of  steam  has  11 53.4  units  of  heat,  the  fol- 
lowing calculation  will  give  the  units  of  heat  in  .2146  lbs.: 
1 1 53.4  X  .2146  =  247.51  =  units  of  heat  in  .2146  lbs.,  or  i,6oS 
cubic  in.  of  steam  of  100  lbs.  absolute  pressure.  It  was  shown 
in  answer  to  question  94  tha.  the  average  pressure  of  steam 
of  100  lbs.  cut  off  at  S  in.  of  the  stroke  was  69.95  lbs.  per 
square  inch.  So  that  if  steam  of  100  lbs.  absolute  pressure  is 
used  expansively  it  requires  247.51  units  iif  heat  to  produce  an 
average  absolute  pressure  of  69.95  lbs.  per  square  in.  during 
the  whole  stroke.  Disregarding  the  small  fraction,  we  will 
call  it  70  lbs.  Now,  if  we  admit  steam  of  this  pressure  through 
the  who/e  stroke  of  the  piston,  we  will  use  4,824  cubic  in.  It 
will  be  found  by  a  calculation  similar  to  the  above,  that  to 
generate  this  quantity  of  steam  of  70  lbs,  pressure  from  water 
of  a  temperature  of  60  degrees  would  require  527  units  of  heat, 
or  more  than  twice  as  many  as  were  required  to  do  the  same 
work  with  steam  of  100  lbs.  pressure  cut  off  at  8  in.  when 
using  it  expansively  during  the  rest  of  the  stroke.  The  actual 
difference  in  practice  is  not  so  great  as  this,  because  the  loss 
of  heat  from  radiation  and  condensation  in  the  cylinder  and 
other  causes  is  greater  when  steam  of  a  high  pres.^ure  is  ex- 
panded than  when  lower  pressure  steam  is  admitted  through 
the  whole  stroke.  But  after  allowance  is  made  for  all  such 
sources  of  loss  and  waste,  there  is  still  a  great  gain  from  usint; 
steam  expansively.  There  is  is  also  an  incidental  advantage, 
because  low-pressure  steam  can  be  exhausted  more  quickly 
from  a  cylinder  than  steam  of  a  high  pressure,  and  conse- 
quently there  is  less  resistance  or  hack  pressure,  as  it  is  called, 
in  the  exhausted  end  of  the  cylinder  to  the  movement  of  the 
piston. 

The  causes  which  produce  the  greatest  economy  when  steam 
is  used  expansively  cannot  be  fully  explained,  however,  without 
discussing  principles  of  science  more  abstruse  than  it  is  desir- 
able to  introduce  here. 


yuESTlON  94.  To  what  extent  can  we  work  steam  expansively 
with  advantage  and  economy? 

Answer.  The  theoretical  economy  of  using  steam  increases 
with  the  degree  of  expansion  and  the  pressure.  This  is  shown 
very  clearly  in  the  following  table,  in  the  first  column  of  which 
the  number  of  inches  of  the  piston  stroke  is  given  during 
which  steam  is  admitted  to  a  cylinder  16  in.  \n  diameter  and 
24-in.  stroke.  In  the  second  column  is  given  the  pressure  of 
the  steam  or  initial  pressure,  as  it  is  called,  which  must  be  ad- 
mitted into  the  cylinder  in  order  to  produce  a  mean  pressure 
of  70  lbs.  per  square  inch  when  it  is  cut  off  at  the  point  in- 
dicated in  the  first  column.  In  the  third  column  is  given  the 
total  heat  which  is  required  to  generate  the  steam  required  in 
each  case,  and  in  the  last  column  the  percentage  of  saving  is 
given,  which  results  from  the  different  degrees  of  expansion 
and  a  mean  pressure  of  70  lbs.  per  square  in.  in  each  case. 
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Period  of  admission  or  point 
of  cut-oft. 

m 

51 
111 

Percentage     of 
saving  com- 
pared    with 
full  stroke. 

Full  stroke 

18  in.  =  Three-quarters  of  the  stroke 
12  in.  =  One-half 

8  in.  =  One-third 

6  in.  =  One-quarter          "            " 

4  in.  =  One-sixth 

3  in.  =  One-eighth           "           " 

2  in.  =  One-twelfth 

72.5 
1 1 7.4 

■50.5 
181.8 
241.4 

527- 
408.7 
3095 

=47-5 
215.9 

186.5 
.65.8 

22H 

4.K 

53 

58 

64  M 

68!^ 
725^ 

From  this  table  it  will  be  seen  that  theoretically  22|^  per 
cent,  of  heat  is  saved  by  cutting  off  at  3^  of  the  stroke  and 
using  steam  of  72.5  lbs.  pressure  instead  of  steam  of  70  lbs., 
worked  full  stroke.  Cutting  off  at  half-stroke  and  using  steam 
of  82.7  lbs.,  41^4;  per  cent,  of  heat  is  saved,  and  cutting  off  at 
quarter-stroke  with  steam  of  117. 4  lbs.,  saves  58  per  cent,  of 
heat  ;  and  at  one-twelfth  of  the  stroke,  or  expanding  steam  of 
241.4  lbs.  pressure  to  twelve  times  its  volume,  saves  -2>'j  per 
cent  of  heat. 

As  stated  before,  the  above  is  the  theoretical  advantage  of 
using  steam  expansively.  There  are,  however,  practical  diffi- 
culties in  the  way  of  using  some  of  these  high  degrees  of  expan- 
sion. It  has  already  been  explained  that,  if  steam  is  cut  off 
early  in  the  stroke  and  the  degree  of  expansion  increased,  the 
pressure  and  consequently  the  temperature  of  the  steam  must 
also  be  increased.  The  danger  of  explosion  is  greater  with 
the  higher  pressures,  and  stronger  and  more  expensive  boilers 
and  machinery  are  therefore  needed.  With  steam  of  very 
high  temperature  the  metal  of  the  cylinders,  pistons  and  valves 
becomes  so  much  heated  that  they  soften,  and  then  the  (riction 
of  the  one  on  the  other  causes  them  to  cut  or  scratch  each 
other.  The  high  temperature  at  the  same  time  destroys  the 
oil  or  other  lubricant  used  in  contact  with  the  steam.  It  is 
also  impossible  to  admit  and  cut  off  steam  very  early  in  the 
stroke  with  the  ordinary  mechanical  appliances  used  for  mov- 
ing slide-valves  of  locomotives.  This  latter  difficulty  and  the 
effect  ol  expansion  in  e<jualizing  the  pressure  in  the  crank  and 
lessening  the  strains  and  shocks  on  the  mechanism  of  the  en- 
gine will  be  more  fully  explained  hereafter. 

Question  95.  How  may  the  amount  of  expansion  that  can  he 
made  practically  useful  he  iiUislraled  and  explained  ? 

Answer.  It  was  shown  in  answer  to  question  90,  that  the 
main  effective  pressure  represented  by  the  indicator  card 
shown  in  fig.  47,  if  steam  of  too  lbs.  pressure  is  admitted  into 
the  cylinder  during  one- third  of  the  stroke,  and  it  is  allowed 
to  expand  during  the  rest  of  the  stroke,  will  be  54.95  lbs.  per 
square  inch.  As  the  stroke  of  the  piston  is  2  feet,  the  numt  er 
of  foot-pounds  of  work  which  would  be  exerted  for  each  square 
inch  of  area  of  the  piston  during  each  stroke  would  be  54-95  X 
2=109  9.  Let  i  j n  op.  Fig.  4S.  represent  this  card,  and  we  will 
suppose  that  the  cylinder  is  lengthened  so  that  the  piston  will 
hive  4  ft.  stroke  instead  of  2  fl.,  and  that  the  steam  is  expanded 
six  times  instead  of  three  times.  The  indicator  diagram  which 
the  steam  would  then  make  would  be  represented  by  ;  /  //  k  p. 
By  calculating  the  mean  effective  pressure  for  the  whole  stroke 
of  4  ft.,  in  the  manner  already  described,  it  will  be  found  to 
be  31.53  lbs.  As  this  pressure  is  exerted  through  4  It.  of 
stroke,  the  work  done  per  square  inch  of  piston  will  be  31  53  X 
4=126.12  foot-pounds  or  a  gain  of  nearly  15  per  cent.  It 
should  be  observed  that  to  secure  this  economv  the  cylinder 
and  a  nuinber  of  other  parts  of  the  engine  must  be  doubled 
in  size. 
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QiTBs  rio.s  96.  VyiMl  will  be  the  result,  if,  inslea,l  0/ increasing 
the  size  of  Ihe  cylinder  and  rate  of  expansion,  we  double  the 
" initial  pressure"*  of  the  steam  which  is  introduced  into  the 
ivlinder,  and  then  cut  it  off  at  one-sixth  of'  the  stroke  instead  of 
one-thinif 

Answer.  The  effect  of  this  can  be  shown  if  we  draw  a  dia. 
gram,  /  m  n  op,  in  which  the  initial  pressure  represented  by  the 
height  I p  is  200  lbs.  absolute,  instead  of  too,  and  the  steam  is 
supposed  to  be  cut  off  at  w,  or  at  4  in.  of  the  stroke,  instead  of 
S.  and  the  piston  to  have  a  stroke,  p  0.  of  2  ft.  If  the  average 
pressure  is  then  calculated  as  b.-fore.  it  will  be  found  to  be 


78.06  lbs.  per  square  inch,  so  that  the  work  done  for  each 
square  inch  of  area  of  the  piston  during  each  stroke  will  be 
156.12  foot  lbs.  instead  of  109.9.  or  a  gain  of  over  42  per  cent., 
with  steam  of  100  lbs.  pressure  expanded  three  times.  By 
referring  to  the  table  of  the  properties  of  steam  it  will  be 
seen  that  with  too  lbs.  pressure  the  total  heat  is  1213.4,  and 
with  200  it  is  1229.8  a  difference  of  16.4  degrees  or  units  or 
only  a  little  over  i  Jj'  per  cent.  more.  That  is,  theoretically,  by 
adding  ly^  per  cent,  more  heat  to  the  steam  and  expanding  it 
twice  as  much,  there  is  a  gain  of  42  per  cent,  in  the  amount 
of  work  done.  To  do  this,  though,  the  boiler  and  engine 
must  be  made  twice  as  strong  to  resist  these  high  pressures. 

We  may  assume  still  further  that  the  stroke  is  lengthened, 
and  the  steam  of  200  lbs.  pressure  is  expanded  twelve  times, 
as  indicated  by  the  diagram  /  m  k p,  and  also  that  the  pressure 
is  increased  to  400  lbs.  and  the  steam  expanded  to  twelve 
times,  as  shown  by  the  diagram  s  t  ni  11  op.  or  twenty-four  times 
as  represented  hy  s  t  k p.  In  the  following  table  the  calculated 
results  from  these  high  pressures  and  rates  of  expansion  are 
given  : 
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a 
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il 
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i     ^ 
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24 
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109.09  ..                      I 

\lt:\l     \l  1    2 
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2^2. 00                 83          1            4 
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Column  5  shows  the  gain  in  foot-pounds  of  work  done  per 
square  inch  of  piston,  and  from  the  increased  steam  pressure 
and  higher  rates  of  expansion.  Column  6  gives  the  percentage 
of  gain  in  the  work  done  when  compared  with  the  results 
with  steam  of  an  initial  pressure  of  100  lbs  expanded  three  times. 
Columns  7.  8  and  9  give  the  relative  strength  of  the  results 
with  steam  of  an  initial  pressure  of  100  lbs.  expanded  boiler 
and  size  and  strength  of  cylinder  required  in  each  case. 
From  the  line  b  it  will  be  seen  that,  by  doubling  the  rate  of  ex- 

*The  pressure  of  the  steam  when  it  is  first  admitted  to  the  cylinder  and 
before  it  is  cut  off  is  called  the  initial  pressure. 


pansion,  there  is  a  gain  of  15  per  cent.,  but  the  cylinder  must 
then  be  twice  as  large  as  before.  This  means  an  increase  in 
size  and  strength  of  other  parts.  To  gain  42  per  cent.,  by 
doubling  the  pressure  and  rate  of  expansion  as  shown  in  the 
line  marked  . ,  the  boiler  and  cylinder  must  both  be  doubled  in 
strength,  A  gain  of  57  per  cent.,  by  doubling  the  pressure  and 
quadrupling  the  rate  of  expansion,  .requires  the  strength  of 
boiler  and  size  and  strength  of  engine  all  to  be  doubled,  and 
the  gain  of  100  per  cent,  in  the  last  line  compels  the  strength 
of  boiler  and  strength  and  size  of  cylmder  all  to  be  quadrupled. 
I'rom  this  table  it  is  obvious  that  we  soon  reach  a  point  at 
which  increasing  the  steam  pressure  and  rale  of  expansion  in- 
volves so  much  expense  for  the  larger  size  and  strength  of 
boiler  and  engine,  that  the  gain  in  the  work  done  will  not  pay 
for  the  increased  cost. 

Question  97.  Can  as  much  be  gained  practically  from  in- 
creased  rates  of  ,:\pansion,  as  the  proceeding  examples  have  indi- 
cated was  possible? 

.Inswer.  No.  In  every  engine  there  is  always  a  very  con- 
sid;rable  loss  of  heat  from  radiation,  conduction,  and  from  the 
conversion  of  heat  into  work,  and  probably  from  causes  not 
yet  perfectly  understood. 

QUESTIO.N  9S.       II  hat  rail  be  done  t.>  loicn  this  loss  of  heat  ? 
^Inswer.     The  most  important  thing  to  do  is  to  cover  the 
boiler,  cylinders  and  steam-pipes  with  the  most  perfect  non- 
conductor of  heat  that  can  be  used. 

Question  99.  il'hal  other  reasons  are  there  why  --ery  high 
degrees  of  expansion  are  not  practicable  on  locomotives  f 

Answer.  There  is  the  difficulty  that  the  valve-gear  which  is 
now  generally  used  will  not  admit  steam  freely  to  the  cylinders 
and  cut  it  off  short :  and  next,  high  rates  of  expansion  require 
either  large  cylinders  or  high  initial  pressure.  In  either  case, 
it  means  that  the  propelling  force,  exerted  to  turn  the  wheels 
will  be  excessive  during  some  portions  of  each  revolution  of 
the  wheels,  and  will  thus  cause  them  to  slip.  This  will  be 
explained  in  a  future  chapter. 

QtJESTION  too.       What  is  meant  by  wire-drawn  steam? 
Ans-u'cr.     It  is  steam  which  has  had  its  pressure  reduced  by 
passing  through  contracted  openings  or  passages. 

QUKSTIO.N  loi.  IVhat  is  the  economical  effect  of  /educing  the 
pressure,  or  of  wire-drawing  it,  by  partly  closing  the  valve  by 
which  it  admitted  to  ihe  cylinders. 

Answer.  By  reducing  the  pressure  of  steam  in  this  or  any 
other  way,  it  is  necessary  in  doing  the  same  amount  of  work 
to  admit  steam  to  the  cylinder  for  a  longer  period,  and,  there- 
fore, to  reduce  the  degree  of  expansion.  To  illustrate  the 
effect  of  this,  we  will  estimate  the  total  heat  required  to  exert 
a  pres'  ure  of  70  lbs.  on  the  piston  described  above.  It  will  be 
assumed  that  the  steam  pressure  in  the  boiler  is  100  lbs.  abso- 
lute, and  that  this  is  wire-drawn  down  to  70  lbs.  and  admitted 
to  the  cylinder  through  the  whole  stroke.  As  was  shown  in 
the  preceding  answer,  4.824  cubic  in.  of  steam  are  required  to 
fill  the  cylinder.  Now,  3,376.8  cubic  in.  of  steam  of  too  lbs. 
pressure,  if  expanded  to  70  lbs.  pressure,  will  make  4.S24  cubic 
in.  The  total  heat  required  to  generate  3,376.8  cubic  in.  of 
steam  of  100  lbs.  absolute  pressure  from  water  of  60  degrees 
is  519.9  units,  so  that  to  do  the  same  work  by  using  steam  of 
high-pressure  cut-off  at  one-third  of  Ihe  stroke,  using  steam  of 
low-boiler  pressure  full  stroke,  and  using  wire-drawn  steam  full 
stroke,  would,  in  the  example  we  have  selected,  require  247.5, 
527  and  519.9  units  of  heat  respectively. 
(to    be   CO.N'TINUED.) 


OBITUARY. 

Joseph  Curtis  Pl.^ti,  who  died  in  Scranton,  Pa., 
November  15,  was  one  of  the  founders  of  that  city.  He 
was  born  at  Saybrook,  Conn.,  in  1816,  and  went  to  Penn- 
sylvania in  1846.  In  1851,  he  joined  with  Joseph  H.  and 
E.  C.  Scranton  in  business,  and  in  1S53  assisted  in  organ- 
izing the  Lackawanna  Iron  &  Coal  Company,  of  which  he 
was  Vice-President  for  many  years.  He  retired  from 
business  in  1S75,  but  was  still  a  director  in  his  old  com- 
pany, in  the  Dickson  Manufacturing  Company  and  several 
other  corporations,  and  took  an  active  interest  in  their 
management. 


Professor  Gu.st.w  Kirchhoff,  who  died  recently 
at  Berlin,  Germany,  aged  63  years,  held  a  very  high  place 
in  the  scientific  world.  His  remarkable  works  in  the  de- 
partment of  physical  science,  especially  in  relation  to 
light  and  elecicity,  are  standards  both   for  students  and 


577 


THE    RAILROAD    AND 


[December.  1887. 


for  other  investigators.  His  name  will  be  perpetuated  bv 
his  discoveries  in  relation  to  the  dark  lines  of  the  spec- 
trum, or  the  lines  of  Frauenhofer,  as  they  are  called.  The 
laws  of  the  propagation  of  the  electric  current,  extensions 
of  llie  laws  of  Ohm,  are  universally  known  in  Europe  as 
the  laws  of  Kirchhoff.  Herr  KirchholY  was  Professor  of 
Physics  at  the  University  of  Berlin  ;  a  member  of  the 
Imperial  Academy  of  Science,  correspondmg  member  of 
the  French  Academy  of  Science  and  of  many  other  scien- 
tilic  bodies. 


David  Morgan.  President  and  General  Manager  of 
the  Republic  Iron  Company,  whose  mine  is  situated  near 
Marquette,  Mieh.,  and  one  of  the  richest  men  m  the  iron 
world,  died  October  30,  at  Asheville,  N.  C,  where  he 
was  taken  by  his  physicians  in  the  hope  of  saving 
his  life.  Mr.  Morgan  was  born  in  Swansea,  Wales, 
in  1819,  and  went  to  Pennsylvania  with  his  parents  when 
17  years  old.  He  began  as  a  miner  in  the  coal  mines,  then 
became  an  operator,  and  finally  an  extensive  employer  in 
the  coal  and  iron  business  in  Ironton,  O.  He  moved  to 
Marquette,  Mich.,  in  1875,  and  had  since  given  his  entire 
lime  to  his  great  mine,  in  which  he  became  a  stockholder 
when  the  stock  was  almost  valueless,  seeing  it  go  up  to 
nearly  S^oo  a  share  on  a  par  value  of  $25.  He  leaves  an 
only  child.  Mrs.  Charles  Hebard.  of  Pequaming.  Mich. 
The  remains  were  buried  at  Wilkes-Barre,  Pa..  Mr. 
Morgan's  old  home. 


Major  Alfred  Mordecai,  who  died  in  Philadelphia, 
October  23,  aged  S3  years,  graduated  from  West  Point 
in  1823,  at  the  head  of  his  class.  He  served  in  the  En- 
gineer Corps  and  the  Ordnance  Corps,  rising  to  the  rank 
of  Major;  he  resigned  in  1S61.  From  1863  to  1866  he 
was  Assistant  Engineer  of  the  proposed  Mexico  &  Pacific 
road,  and  in  1867  he  was  made  Secretary  and  Treasurer  of 
the  Pennsylvania  Canal  Company,  holding  that  position 
till  his  death.  He  was  author  of  "  Reports  of  Experiments 
on  Gunpowder,"  18.15  Ji"^  1849;  of  '■.Artillery  for  the 
United  States  Land  Service,  as  Devised  and  Arranged  by 
the  Ordnance  Board,  with  Plates."  1S49.  and  of  the  "  Ord- 
nance Manual,  for  the  Use  of  the  Officers  of  the  United 
States  Army"  (second  edition),  1850.  Major  Mordecai 
was  a  man  of  the  highest  order  of  talent  and  an  officer  of 
marked  professional  ability  and  experience.  His  "  Re- 
ports of  Experiments  on  Gunpowder"  were  a  great  ad- 
vance on  the  knowledge  possessed  40  years  ago  ;  and  even 
at  this  day,  notwithstanding  modern  improvements,  those 
reports  are  classics  in  every  military  library.  His 
"Artillery  for  the  Land  Service"  and  the  "Ordnance 
Manual  '  were  text  books  in  the  Army  long  before  the 
advent  of  steel  guns  and  steel  carriages,  brown  powder 
and  explosive  gelatine.  Modern  methods  and  advances, 
new  materials  and  explosives  and  newly  developed  forces 
may  seem  to  dwarf  the  appliances  and  knowledge  of  the 
first  half  of  our  century,  but  at  that  time  Major  Mor- 
decai's  attainments  were  second  to  none  in  the  military 
world  in  the  field  of  scientific  research  and  accomplish- 
ment and  in  practical  application  of  mechanical  deductions 
to  war  uses. 


Dr.  Thomas  Ustick.  Walter,  who  died  in  Phila- 
delphia, October  30.  was  the  oldest  and  most  distinguished 
architect  in  that  city,  and  one  of  the  best  known  in  the 
United  States.  He  was  born  in  Philadelphia  in  1804, 
and  studied  architecture  under  Mr.  William  Strickland 
and  afterward  mathematics  under  David  McClure,  then 
distinguished  as  a  teacher  of  that  science.  He  applied 
himself  assiduously  to  study  for  many  years  before  he 
commenced  the  practice  of  his  profession.  He  designed 
in  1831  and  supermtended  the  erection  of  the  Phila- 
delphia county  prison.  His  designs  fortheGirard  College 
were  adopted  by  City  Councils  in  1833,  and  that  magnifi- 
cent building,  perhaps  the  finest  specimen  of  classic  archi- 
tecture on  the  American  continent,  was  constructed 
throughout  from  Mr.  Walter's  designs  and  under  his 
immediate  supervision.     This  work  occupied  him   for  14 


years.  In  1851,  Mr.  Walter's  plans  for  the  extension  for 
the  Capitol  at  Washington  were  adopted,  and  he  was 
appointed  Architect  of  the  work  by  President  Fillmore, 
a  position  which  he  held  for  14  years.  In  addition  to  the 
work  of  the  Capitol  extension  he  planned  and  executed  the 
new  dome  of  the  Capitol,  the  east  and  west  wings  of  the 
Patent  Olfice  and  the  extension  of  the  General  Post  Office. 
He  also  designed  the  new  Treasury  building  and  the 
Government  Hospital  for  the  Insane.  During  the  latter 
years  of  his  life  Mr.  Waller  acted  as  assistant  to  Architect 
Mc.\rthur  at  the  new  public  buildings,  Philadelphia.  In 
1853.  Mr.  Walter  received  the  title  of  Doctor  of  Philosophy 
from  the  University  of  Lewisburg,  and  in  1857  that  of 
Doctor  of  Laws  from  Harvard  University.  He  held  for 
many  years  a  professorship  of  architecture  in  the  Frank- 
lin Institute,  and  was  a  member  of  the  American  Philos- 
ophical Society  and  of  many  other  literary  and  scientific 
institutions.  He  was  one  of  the  founders  of  the  American 
Institute  of  Architects,  and  at  the  last  meeting  of  that 
body,  a  short  time  since,  resigned  its  active  Presidency. 
He  was,  however,  elected  Honorary  President.  The  de- 
ceased was  a  member  and  one  of  the  deacons  of  Memorial 
Baptist  Church,  in  Philadelphia.  In  later  years  he  be- 
came a  Mason,  and  was  a  member  of  Columbia  Lodge, 
F.  and  A.  M.  He  leaves  a  widow,  the  daughter  of  the 
late  Dr.  Richard  Gardner,  of  Philadelphia,  and  a 
number  of  sons  and  daughters. 


The  Siemens  Regenerating  Furnace. 

In  Washington,  November  14.  a  decision  was  rendered  by 
the  United  Slates  Supreme  Court  in  the  case  of  Charles  W. 
&  Frederick  Siemens,  appellant^;,  against  William  .Selers  and 
others;  app;al  from  the  Circuit  Court  o(  the  L'niied  States  for 
the  Eastern  District  of  Pennsylvania.  This  is  a  suit  for 
alleged  inlringement  of  a  patent  granted  to  the  Siemens 
Brothers,  of  England,  upon  their  well-known  regenerating 
furnace.  The  defendants  do  not  deny  that  the  Siemens 
Brothers  were  the  authors  of  the  ingenious  invention  covered 
by  the  patent,  nor  do  they  deny  they  use  it.  Their  conteniion 
is  that  the  Siemens  Brothers  took  out  an  English  patent  for 
the  same  invention  on  July  ig.  1S61,  and  that  by  force  of  the 
acts  of  1S39  and  1S61  the  American  patent  expired  at  the  end 
of  17  years  from  the  sealing  of  the  English  patent,  namely,  on 
July  19,  1S7S.  They  deny  that  they  used  the  said  invention 
before  the  last  mentioned  date,  and  no  evidence  is  given  that 
they  did  so.  The  questions  to  be  decided,  therefore,  are 
whether  the  English  patent  was  for  the  same  invention  as  the 
American  patent  and,  if  so,  whether  the  latter  was  limited  to 
expire  at  the  end  of  17  years  from  the  sealing  of  the  former. 
The  Court  holds  that  both  of  these  questions  must  be  answered 
in  the  affirmative,  and  it  therefore  sustains  the  decree  of  the 
Circuit  Court  in  favor  of  the  American  users  of  the  Siemens 
invention.     The  opinion  was  drawn  up  by  Justice  Bradley. 


Manufacturing  Notes. 

I^LAINE  Bkotiiers  have  completed  shops  at  Green  Cove 
Springs,  Fla.,  with  a  capacity  of  two  l)OX  cars  a  day. 

The  Harrisburg  Car  Manufacturing  Company  has  received 
an  order  for  1,150  new  freight  cars  for  the  Philadelphia  & 
Reading  Railroad. 

The  Atlanta  Car  Company  has  been  organized  in  Atlanta, 
Ga.,  with  if;ioo, 000  capital,  and  will  build  car  shops  at  once. 
C.  F.  Lucas.  late  of  the  car  shops  at  Anniston,  Ala.,  is  Super- 
intendent. 

The  Massillon  Bridge  Company  at  Massillon,  O.,  has  taken 
a  contract  to  build  an  iron  bridge,  250  ft.  long,  over  the  Em- 
barrass River  near  Newton,  III.,  for  the  Indiana  \'  Illinois 
Southern   Railroad. 

The  St.  Charles  Car  Company  in  St.  Charles,  Mo.,  includes 
among  recent  orders  7  passenger  cars  for  the  St.  Louis,  Alton 
i'(;  Terre  Haute;  250  box  cars  for  the  Mexican  Central,  and  600 
coal  cars  for  the  Atchison,  Topeka  &  Santa  Fe. 

The  Decatur  Car  Wheel  \'  Spring  Company  has  been  organ- 
ized at  Decatur,  Ala.,  and  has  begun  to  build  a  car-wheel 
foundry.  A  shop  for  miking  springs  is  to  be  added.  E. 
Stanley  Mitchell,  of  Milwaukee.  Wis.,  is  President;  R.  M.  Mc- 
Cullough,  Secretary  and  Treasurer. 
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Proceedings  of  Societies. 


International  Railroad  Congress. 

Thk  second  meeting  of  the  International  Railroad  Congress, 
which  was  held  at  Milan,  Italy,  in  October,  brought  together  a 
iarge  number  of  railroad  men  from  all  parts  of  Europe.  The 
chief  technical  subjects  discussed  were  the  use  of  metal  ties; 
the  construction  of  passenger  cars;  the  use  of  continuous 
brakes;  the  use  of  iron  or  steel  for  bridges;  journal-boxes  and 
lubriCrtlion.  and  the  lighting  of  trainsand  stations.  In  relation 
to  the  operation  of  railroads  reports  were  submitted  and  dis- 
cussions held  of  the  best  methods  of  working  secondary  (branch 
or  light  feeler)  railroads:  the  control  of  passenger  tralEc;  co- 
operative associations  for  employes,  and  the  employment  of 
women  on  railroads. 

The  cjae  tions  which  called  out  the  most  discussion,  apparent- 
ly, were  those  relating  to  the  building  and  management  of  light 
or  sec<mdary  railroads  as  branches  and  feeders  of  the  main 
lines,  and  on  these  questions  there  was  much  difference  of 
opinion. 

One  question  that  is  now  of  interest  here  was  discussed  at 
some  length — the  use  of  continuous  brakes  on  freight  trains. 
On  this  point  it  was  agreed  that  their  general  introduction 
would  be  very  difficult,  if  not  impossible,  on  account  of  the 
great  dissimilarity  in  the  rolling  stock  in  use  in  the  different 
countries  of  Europe. 

French  is  the  official  language  of  the  Congress,  and  the  Eng- 
lish delegates  took  little  part  in  the  proceedings,  as  most  of 
them  were  unable  to  e-xpress  themselves  freely  in  that  lan- 
guage. One  or  two  railroad  men  from  the  United  States  were 
present  as  spectators,  but  the  only  official  delegates  from 
America  in  the  Congress  represented  Mexico  and  the  .-Argen- 
tine Republic. 

The  next  meeting  of  the  Congress  will  be  held  in  Paris  in 
18S9. 


American  Society  of  Civil  Engineers. 

At  the  regular  meeting  in  New  York,  November  2,  the  final 
report  of  the  Committee  on  proposed  changes  in  grades  of 
membership  was  presented,  substantially  as  given  in  our  last 
issue. 

Several  amendments  in  relation  to  ballots  for  members  were 
presented. 

The  following  elections  were  announced  : 

Members. — George  Earl  Church,  London,  Eng. ;  Henry  Ste- 
vens Haines,  Savannah.  Ga.;  David  Carlisle  Humphreys,  St. 
Louis,  Mo.;  William  Datus  Kelley,  Jr.,  Tarrytown,  N.  Y. ; 
Rowland  Robinson  Minturn,  Milwaukee,  Wis.;  James  Moylan, 
New  York;  Cornelius  Palmer, Escanaba,  Mich.;  William  Bar- 
clay Parsons,  New  York  ;  Edward  Fesser  Playle,  New  York  ; 
Albert  Fowler  Robinson,  St.  Paul,  Minn.;  Orlando  Belina 
Wheeler,  St.  Louis,  Mo. 

AssociaU. — Arthur  James  Moxham,  Johnstown,  Pa. 

Juniors. — Archie  McLean  Hawks,  St.  Louis,  Mo.;  Downing 
Vaux,  New  York. 

A  long  and  interesting  paper  was  presented  by  L.  L.  Buck 
on  Replacing  the  Stone  Towers  of  the  Niagara  Railroad  Sus- 
pension Bridge  with  Iron  Towers. 


A  regular  meeting  was  held  November  16,  at  which  papers 
were  read  by  Mr.  C.  L.  Strobel  on  Experiments  on  Z-iron 
Columns,  and  also  one  by  Mr.  A.  P.  Boiler  on  Test  of  a 
Wrought  Iron  Double-track  Floor  Beam.  The  latter  was  dis- 
cussed at  some  length. 

Mr  S.  S.  Wheeler  exhibited  a  Chart  of  Wire  Gauges,  show- 
ing the  many  gauges  in  use  and  their  differences. 


Engineers'  Club  of  St.  Louis. 

A  MKEiiNG  was  held  in  St.  Louis,  November  2.  President 
Potter  in  the  Chair.  The  Executive  Committee  submitted  the 
following  programme  for  the  meetings  of  the  season  : 

"November  2. — Chas.  E.  Jones,  Steam  Heating  at  Wash- 
ington University. 

"  November  16. — Prof.  J.  B.  Johnson,  Testing  the  Strength 
of  Engineering  Materials. 

"December  7.— Annual  meeting— P.  M.  Bruner,  The  Ac- 
tion of  Frost  on  Concrete  Work. 

"  December  21. — Isaac  A.  Smith,  Rapid  Railway  Embank- 
ment Construction. 


"January  4. — Chas.  H.  Ledlie,  Construction  of  Dam  and 
Reservoir  at  Athens,  Ga.;  Chas.  W.  Bryan,  Railway-Bridge 
Designing. 

"January  iS. — Carl  Gayler,  Floors  of  Street  Bridges;  N. 
W.  Eayrs,  The  Improvement  of  Nantucket  Harbor,  Mass. 

••February  i.— Prof.  F.  E.  Nipher,  Graphical  Solution  of 
the  Action  of  the  Series  Dynamo  ;  B  F.  Crow,  Constructive 
Accounts. 

•'  February  15. — Robert  Moore,  Sizes  of  Railroad  Culverts  ; 
O.  L.  Petitdidier,  Practical  Notes  on  Masonry  and  Stone 
Laying. 

"  March  7. — Prof.  H.  B.  Gale,  The  Transmission  of  Power 
by  Belting  ;  Samuel  F.  Burnet,  Cement  and  Mortar. 

"March  21.  — Prof.  W.  B.  Potter,  St.  Louis  Water  Supply. 
I  "April  4.— S.  Bent  Russell,  Thickness  of  Water  Pipes  ;  H. 
j    A.  Wheeler  [subject  not  yet  announced]. 

"April  iS. — Prof.  C.  M.  Woodward,  Gas  Producers  ;  Lewis 
Stockett,  A  Well-Ventilated  Mine. 
'         "  May  2.— Col.  E.  D.  Meier,  Standards  of  Boiler  Efficiency  ; 
Chas.  F.  White,  The  Failure  of  a  Firmenich  Boiler. 

"May  16. — R.  E.  McMath,  the  Waterway  Between  the 
I    Lakes  and  the  Mississippi  River. 

'•June  6. — M.  L.  Holman,  The  Temporary  Low-Service 
'     Pumping  Plant  at  St.  Louis. 

•'  Partial  promises  have  been  made  of  other  papers  on  topics 
of  interest.  These  will  be  presented  as  opportunity  occurs 
and  due  notice  given." 

Professor  Johnson  read  a  communication  from  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies  on  the 
subject  of  a  closer  union  between  the  Societies  now  in  the  As- 
sociation and  others.  On  motion  the  consideration  of  this 
paper  was  made  a  special  order  for  the  next  meeting,  Novem- 
ber t6. 

Mr.  Chas.  E.  .Tones  then  read  a  paper  on  Steam  Healing 
at  Washington  University,  and  Experience  with  Underground 
Pipes.  The  history  of  the  system  in  use  was  given  with  de- 
tails of  its  construction  and  the  work  done.  It  was  shown 
that  the  boilers  were  regularly  doing  double  the  duty  which 
was  originally  expected  of  them.  The  evaporative  efficiency 
did  not  seem  to  be  reduced  when  the  boilers  were  forced  in 
this  manner.  Great  efforts  had  been  made  to  reduce  the 
smoke,  and  many  devices  had  been  tested.  All  had  failed  on 
account  of  the  excessive  duty  required  of  the  boilers.  The 
underground  pipes  had  failed  after  years  of  service  from  ex- 
ternal corrosion  due  to  the  accidental  admission  of  moisture  to 
the  conduits.  New  pipes  had  been  laid  recently,  and  the  con- 
(    struction  of  the  new  conduit  was  shown. 

Professors  Woodward,  Potter,  Gale  and  Messrs.  Bryan  and 
Sharman  took  part  in  the  discussion.  Mr.  Jones  added  that  a 
'  new  stack  had  just  been  erectcl,  which  had  increased  the  draft 
sufficiently  to  permit  the  introduction  of  a  small  amount  of  air 
above  the  grates.  This  had  resulted  in  an  appreciable  reduc- 
tion of  the  smoke. 

A  ri;gular  meeting  was  held  November  16.  The  regular 
order  of  the  day  was  taken  up,  being  a  communication  from 
the  Board  of  Managers  of  the  Association  of  Engineering  So- 
cieties. The  discussion  was  participated  in  by  Col.  H.  C. 
Moore,  Professors  Johnson  and  Nipher,  Messrs.  Robert 
Moore,  Russell,  Seddon,  Ockerson,  Bryan  and  R.  E.  McMath  ; 

i    also,  on  invitation,  by   Mr.  A.   W.   Wright,  of  Chicago.     On 
motion  the  following  was  adopted  ; 

"  Risol-cd.  That  in  the  opinion  of  the  Engineers' Club  of 
St.  Louis  an  attempt  at  an  organic  union  is  not  desirable. 
We  therefore  decline  to  favor  the  recommendation  of  the 
Board  of  Managers." 

!        The  following  Committee  on  Nominations  of  officers  for  the 

'    coming  year  was  then  elected  :     J.  A.  Seddon,  Chairman  ;  R. 
E.  McMath,  S.  B.  Russell,  E.   A.  Engler,  J.  A.  Ockerson. 

Prof.  Johnson  then  read  a  paper  on  Testing  the  Strength  of 
Engineering  Materials.  His  remarks  were  illustrated  by 
sketches  on  the  board  ;  he  also  showed  numerous  test  pieces 
of  iron,  steel,  brick,  stone  and  wood  ;  also  a  small  testing  ma- 
chine as  used.  The  paper  was  discussed  by  Messrs.  Russell, 
Moore,  Engler,  Seddon,  Potter  and  Nipher,  the  latter  exhibit- 
ing a  cast-iron  cup  which  had  been  attached  to  the  bottom  of  a 
piece  of  wrought-iron   pipe,  filled  with  water,  and  broken  by 

j    firing  a  rille  ball  from  above  into  the  water. 


Western  Society  of  Engineers. 

A  RKi;ULAK  meeting  was  held  in  Chicago,  November  i.  John 
F.  Barney  and  Jacob  Rodatz  were  elected  members.  The 
resignation  of  Mr.  L.  P.  Morehouse  as  Secretary  was  discussed 
anda  committee  of  three  was  appointed  to  prepare  some  fitting 
recognition  of  his  services  and  to  appoint  a  successor. 
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A  display  of  work  by  the  engineering  students  of  the  Uni- 
versity of  Michigan  was  made. 

Mr.  Scherzer  presented  a  written  discussion  of  the  paper 
read  by  Mr.  Lundie  at  the  preceding  meeting,  on  the  ICconom- 
ical  Height  of  Bridge  Trusses.  The  paper  was  discussed 
orally  by  Messrs.  Artingstall  and  Strobel. 


Western  Railway  Club. 

The  regular  monthly  meeting  was  held  in  Chicago,  Novem- 
ber 16.  The  subject  of  E.\tension  Smoke-boxes  and  Fire-bo.\ 
arches  was  opened  by  Mr.  John  Mickey,  who  spoke  at  some 
length  ofthe  advantages  to  be  gained  by  their  use.  The  dis- 
cussion was  continued  by  Messrs.  Swanson,  Mackenzie,  Ver- 
bryck,  Forsyth,  Rhodes  and  others. 

Mr.  VV.  L.  Brown  read  a  paper  on  the  Relative  Strength  of 
Sap  and  Heart  in  Norway  Pine,  especially  Relating  to  Sills  of 
Freight  Cars.  The  paper  contained  numerous  drawings,  dia- 
grams, statistics,  etc.  It  was  bricflv  discussed  bv  Messrs. 
Hickey,  Brown,   Rho  les,  Verbryckaiid  Shroyer. 

The  subject  of  Standard  Axle  for  60,000  pound  Cars  was 
briefly  discussed  by  Messrs.  Barr,  Shroyer,  Swanson  and 
Forsyth. 

It  was  resolved  that  a  committee  of  three  be  appointed  to 
recommend  the  proper  sizes  of  car  axle  for  a  50,000  and  a  60.- 
000-pound  car,  and  at  the  same  time  to  express  its  recommenda- 
tion whether  they  should  adopt  a  collarless  axle  or  not;  also 
to  determine  whether  they  can  maintain  the  original  length  be- 
tween centersof  journals  according  to  the  old  M.  C.  B.  stand- 
ard. 

The  Chairman  appointed  as  members  of  this  Committee 
Messrs.  Verbryck,  Shroyer  and  Hickev. 


Connecticut  Association  of  Engineers  and  Surveyors. 

The  fall  meeting  was  held  in  Hartford,  Conn.,  November  9. 
The  members  inspected  the  new  work  at  the  Asylum  Street 
crossmg  and  other  engineering  work  in  progress  in  and  near 
the  city. 

Mr.  C.  E.  Chandler  read  a  paper  on  the  Rental  Value  of 
Hydrant  Service,  which  was  discussed  by  the  members  present. 

The  annual  meeting  of  the  Association  will  be  held  January 
10  next. 


A    RE 

Iphi; 


New  York  Railroad  Club. 

The  regular  monthly  meeting  was  held  in  New  York, 
November  i;.  The  discussion  of  the  question  of  Heating  and 
Lighting  Passenger  Cars  was  continued. 


New  England  Railroad  Club. 

The  regular  monthly  meeting  was  held  at  the  rooms  in  the 
Boston  &  Albany  Station,  Boston,  November  9. 

An  invitation  to  attend  the  tests  of  the  Westinghouse  freight 
brake  was  received. 

It  was  resolved  to  appoint  a  committee  to  co-operate  with 
the  one  already  appointed  by  the  Western  Railway  Club  in 
selecting  some  uniform  coupling  for  use  between  cars  equipped 
for  heating  by  steam  from  the  locomotive.  The  President 
appointed  F.  D.  Adams,  J.  VV.  Marden  and  Albert  Griggs  as 
this  committee. 

The  discussion  of  the  subject  for  the  evening — Axles,  Jour- 
nal Bearings  and  Lubrication — was  then  opened  by  Mr.  Mar- 
den, who  urged  the  use  of  a  larger  journal  and  better  material 
for  axles. 

President  Lauder  described  the  Johann  journal-box  and  ad- 
vocated its  use.     He  also  advocated  larger  journals. 

The  discussion  was  continued  by  Messrs.  Adams,  Howard, 
Shinn  and  others. 

The  subject  for  discussion  at  the  December  meeting  is  Con- 
tinuous Brakes  for  Freight  Trains. 


Boston  Society  of  Civil  Engineers. 

A  REGULAR  meeting  was  held  at  the  rooms  in  the  Boston  & 
Albany  Railroad  Station,  Boston,  November  16.  59  members 
and  25  visitors  present. 

The  Committee  on  Weights  and  Measures  reported  on  the 
■communication  from  the  Western  Association  of  Architects 
asking  a  concert  of  action  in  petitioning  Congress  to  adopt  the 
metric  system  in  all  departments  of  the  government  for  all 
public  business,  and  recommended  that  a  canvass  of  the  Society 
be  made  to  ascertain  the  opinion  of  the  members  upon  the 
matter.  The  recommendation  was  adopted.  The  usual  ap- 
propriations were  made  for  renewing  subscription  to  the 
Society's  periodicals  and  for  binding. 

Mr.  A  V.  Abbott,  Chief  Engineer  of  the  National  Super- 
heated Water  Company  of  New  York,  gave  a  very  full  de- 
scription of  the  plant  mow  being  built  by  the  Boston  Heating 
Company.  A  full-sized  seo«ion  of  the  main  pipes  used,  to- 
gether with  the  expaosiom  joimt,  house  .oonineclions  and  other 
pirt*  ofthe  sys.tem.  were  eidajbdited  a.iMl  JmIKv  explainrd. 


Engineers'  Club  of  Philadelphia. 

K  meeting  was  held  at  the  Club's  House  in  Phil- 
tober  15,  Past  President  Frederic  Graff  in  the 
chair  ;    20  members  and  i  visitor  present. 

Mr.  A.  Marichal  presented  a  description  of  the  Gileppe 
Dam,  Belgium,  illustrated  by  photograph  and  drawings,  and 
followed  by  a  discussion  having  for  its  object  to  prove  that  a 
saving  of  50  per  cent,  of  masonry  could  have  been  effected 
together  with  an  increase  of  stability,  by  adopting  a  profile 
taken  from  his  Diagram  for  the  Construction  of  Reservoir 
Walls,  presented  to  the  Club  on  May  21,  1887. 

Mr.  A.  Saunders  Morris  presented  notes  upon  Connections 
for  Secondary  Batteries. 

Arrangements  for  connecting  the  elements  of  storage  bat- 
teries have  given  some  trouble,  principally  on  account  of 
oxidation.  The  best  form  of  connection  is  one  in  which  the 
joint  is  removed  as  far  as  possible  from  the  acid,  and  which 
can  be  readily  detached  for  the  purpose  of  removing  the 
element. 

Several  forms  of  binding  posts  or  connections  were  ex- 
hibited, made  of  tough  lead  alloy.  Both  male  and  female- 
threads  are  cast,  so  that  the  castings  are  turned  out  of  the 
molds,  completely  finished,  at  the  rate  of  one  per  minute.. 
The  mold  for  casting  the  screws  was  also  exhibited. 

The  Secretary  presented,  for  Mr.  W.  H.  Nauman.  a  des- 
cription of  Tests  for  Riveted  .'oints  made  at  Watertown 
Arsenal.  Massachussetts,  for  the  Bureau  of  Steam  Engineer- 
ing, September,  1886,  accompanied  by  very  complete  drawings 
and  tables. 

Mr.  Henry  Roeske,  of  Philadelphia,  introduced  by  the 
Secretary,  presented  an  illustrated  description  of  a  system  of 
Water  Filtration,  devised  by  him.  He  preceded  this  descrip- 
tion by  a  historical  sketch  of  the  filtration  of  water  and  the 
various  principal  devices  which  have  been  used  for  the  pur- 
pose of  accomplishing  it.  Mr.  Roeske's  filter  consists  of  a 
series  of  compartments  so  arranged  that  a  large  excess  of 
water  can  be  used  for  agitating  and  cleansing  the  filtering 
material  in  each  compartment  separately,  while  the  rest  of  the 
compartments  are  furnishing  a  continuous  supply  of  filtered 
water.  The  material  in  each  compartment  is  designed  to  be 
cleansed  at  intervals  of  hours  or  days,  as  may  be  desired,  by 
the  action  of  automatic  valves,  which  are  operated  by  a  lever, 
formed  of  pipe  which  fills  with  water  at  the  designed  intervals, 
and  by  its  thus  increased  weight  operates  the  valve.  Sand 
and  coke  are  the  materials  used.  They  are  placed  in  separate 
compartments,  the  design  being  to  protect  the  coke  from  the 
coarser  impurities,  so  as  to  lengthen  the  time  of  its  use.  It  is 
intended  that  the  coke  be  used.  also,  as  fuel  after  removal 
froin  the  filter. 

A  KEi.ui  AR  meeting  was  held  November  5,  President  T.  M. 
Cleemann  in  the  Chair;   17  members  present. 

The  Tellers  reported  the  following  elected  active  members: 
Henry  I.  Snell,  Henry  B.  Seaman,  Frank  Cooper.  Arthur  H. 
Wood,  Erwin  Graves,  I.  H.  Wainwright  and  Fred  J.  Amweg. 

The  Secretary  called  attention  to  the  fact  that  December  17 
of  this  year  would  be  the  tenth  anniversary  of  the  organization 
of  the  Club,  and  recommended  that  it  be  observed  by  the  hold- 
ing of  a  reception  in  the  Club  House  on  that  evening.  After 
some  discussion  the  following  resolution,  was  unanimously 
adopted: 

"  ResolveJ,  That  a  Committee,  with  power  to  act,  be  ap- 
pointed to  take  charge  of  a  Decennial  .Anniversary  Reception, 
to  be  held  in  Club  House  on  December  17,  1S87,  at  8  o'clock, 
I'.  M. ;  said  Committee  to  consist  of  as  many  members  as  Chair 
may  decide,  who  shall  issue  cards  of  invitation,  given  on  request 
of  members,  the  latter  to  be  entitled  to  invite  not  exceeding  three 
members  of  the  engineering  i)r  architectural  professions,  all 
members  being  requested  to  subscribe  $2  by  notice  sent  by 
the  Secretary,  and  that  such  other  invitations  may  be  issued 
as  the  Committee  shall  deem  proper  and  desirable." 

The     President    appointed     as    the    Committee  Percival 
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Roberts,  Jr.,  Chairman;    E.  V.  d'Invilliers,  L.  M.   Haupt,  C. 
G.  Darrach  and  Frederic  Graff. 

Mr.  C.  G.  Darrach  presented  a  paper  on  Boiler  Specifica- 
tions, which  was  discussed  at  length  by  Messrs.  John  T. 
Boyd  Chas.  T.  Thompson,  A.  Marichal,  J.  K.  Codman  .ind 
others.  At  a  late  hour  Mr.  Codman  moved  that  the  difcus- 
sio  .  l.e  continueil.  and  that  such  copies  of  the  specifications  as 
the  author  could  supply  lie  sent  to  such  members  as  would 
probibly  talce  part  in  the  discussion,  which  was  adopted. 

Engineers'  Club  of  Kansas  City. 

A  REGULAR  meeting  was  held  at  the  rooms  in  Kansas  City, 
Mo.,  November  7.  Mr.  Wynkoop  Kiersied  was  elected  a 
member. 

The  Secretary  read  a  letter  from  the  Executive  Board  of  the 
Council  of  Engineering  Societies,  inviting  co-operation.  It 
was  voted  that  the  President  appoint  a  Committee  of  three  to 
act  in  conjunction  with  the  other  Committees  of  the  Council. 
The    President  appointed    Messrs.   Chanute,    Breithaupt   and 

Mr.  Wynkoop  Kiersted  read  a  paper  on  Water  Supply  and 
its  Development  for  Small  Cities  in  the  West,  whjch  was  then 
discussed. 

Engineers'  Club  of  Minneapolis. 

Ai-  the  last  meeting  of  the  Club,  Horace  E.  Horton,  of 
Rochester,  Minn.,  was  elected  a  member.  Mr.  James  Rigby 
read  a  paper  on  Gas  and  Light.  He  showed  how  vast  had 
been  the  progress  in  artificial  lighting,  and  yet  how  little  un- 
derstood the  subject  is  at  present.  He  had  with  him  some 
interesting  drawings. 

The  Club  will  hold  meetings  semi-monthly  during  the  winter. 

American  Institute  of  Architects. 

The  2ist  annual  convention  was  held  in  Chicago,  October 
19,  and  continued  for  three  days.  The  business  of  the  con- 
vention was  disposed  of,  and  papers  were  read  by  Messrs.  D. 
Adler  M.  G.  Bell,  W.  W.  Boyington,  D.  H.  Burnham,  J.  C. 
Cady,  C.  H.  Harn,  John  Moser,  J.  L.  Smithmeyer,  J.  M.  Wil- 
son and  others. 

The  following  officers  were  elected  for  the  ensuing  year  ; 
President  R.  M.  Hunt,  New  York;  Secretaiy,  William  A. 
Potter  New  York ;  Treasurer,  O.  P.  Hatfield,  New  York. 
Board  of  Trustees,  N.  Le  Brun,  New  York  ;  L.  T.  Scofield, 
Cleveland  ;  H.  M.  Congdon,  New  York;  John  W.  Root.  Chi- 
cago Committee  on  Education,  Professor  N.  Clifford  Ricker, 
Crbana,  111.;  Alfred  Stone.  Providence;  Professor  W  R. 
Ware  New  York  :  J.  W.  McLaughlin,  Cincinnati ;  Henry  Van 
Brunt  Boston.  Committee  on  Publication,  Charles  Crapsey, 
Cincinnati  ;  T.  M.  Clark,  Boston  ;  S.  S.  Beman.  Chicago  ; 
George  C.  Mason,  Jr.,  Newport.  Secretary  for  Foreign  Cor- 
respondence, Arthur  Rotch,  Boston. 

•      American  Society  of  Mechanical   Engineers. 

Tke  annual  meeting  of  this  Society  was  to  be  held  in  Phila- 
delphia, November  2S,  continuing  until  December  2.  The 
programme  includes  opening  session  and  annual  address  by 
the  President,  November  2S  ;  business  meeting  November  29  ; 
sessions  for  reading  of  papers  and  discussion,  November  29 
and  30  ;  excursion  to  Bethlehem,  December  i.  Invitations 
have  been  received  to  visit  industrial  establishments  at  Bethle- 
hem ■  also  a  large  number  in  Philadelphia  A  reception  at 
the  Academy  of  Fine  Arts  was  to  be  held  on  the  evening  of 
November  30.  ^        j   j'  j      . 

The  following  papers  are  to  be  presented  and  discussed  at 

Lewis  F   L-yne  :  The  Use  of  Kerosene  Oil  in  Steam  Boilers. 
Henry  I.  Snell :  Method  of  Ventilating  and  Heating  Office 
and  Warehouse.  „     ,  . 

John  E.  Sweet  ;  A  New  Principle  in  Piston  Packing. 
R.    H.    Thurston  ;    Internal    Frict=—     -     """  ^""■^ 

Joh  "j.  Grant :  The  Milling  Machine  as  a  Substitute  for 
the  Planer.  ,     ,       n 

Henry  I.  Snell:  Centrifugal  Fan  Blowers  and  the  Power 
to  drive  them. 

John  Coffin  :  Steel  Car  Axles. 

Oberlin  Smith  ;   Power  Press  Problem.s. 

Frank  Van  Vleck:  Standard  Section  Lining. 


Non-Condensing 


Percy     A.     Sanguinetti :  Divergencies    in    Flange     Diame- 
ters in  Pumps,  etc.  _„  .       . 
Wm.  O.  Webber  ;     Centrifugal  Pump  Efficiencies. 
Gaetano  Lanza:   Friction  of  Toothed  (iearing. 
Jerome  Sondericker  :   How  to  Test  Strength  of  Cements. 
11.  deB.  Parsons  ;   Influence  of  Sugar  upon  Cements. 
James  M.  Dodge  :  Mew  Method  of  Stocking  and  Reloading 

E.  C.  Felton  :  Results  obtained  from  Steel  Tested  shortly 
after  Rolling. 

O.  C.  Woolson  :  Road-bed  for  Railroad  Bridge  Structures. 

The  following  subjects  and  <iueries  for  topical  discussions 
were  also  to  be  presented  at  this  meeting  : 

50.  What  is  the  best  form  of  pump  to  use  with  driven  wells, 
where  lift  is  10  to  20  ft.,  and  air  is  likely  to  get  into  the  suction. 
Should   the   pump  be  single   or  duplex,   and   with   piston   or 

^  ""^"Have  you  used  driven  wells  successfully  ;  of   what   sizes 
and  depths,  and  singly  or  in  groups  ? 

52.  Are  roller-bushings  expedient  in  journals  at  low  veloci- 
ties and  under  high  pressures? 

53.  What  is  the  best  material  for  lining  brake-straps  on 
elevators,  cranes,  etc.  ?  .  ,     ,      , 

54.  What  is  the  best  way  to  secure  tight  fit  of  set-screws 
i    tapped  into  heavy  parts  of  a  machine?        ,  ,  ,  , 

55  How  much  should  be  removed  from  the  edges  of 
punched  or  sheared  steel  plate  to  cut  away  the  injured  metal  ? 
!  56.  Have  you  used  power  molding-machines  successfully  in 
the  foundry.  ,,        ^  , 

=;7  What  makes  the  best  molds  for  complicated  steel  cast- 
ingsto  secure  solidity  and  freedom  from  shrinkage  cracks? 

55.  What  is  the  effect  of  adding  small  per  cents,  of  wrought- 
iron  or  steel  scrap  in  the  foundry  cupola  or  ladle  ? 

so    What  kinds   of    pig-iron  give  the   best  results    in  light 
I    castings,  where  easy  tool-treatment  is  the  essential  rather  than 
strength  ? 

Brotherhood  of  Locomotive  Engineers. 

At  the  annual  convention  in  Chicago,  October  26,  the  open- 
ing address  of  Grand  Chief  Engineer  P.  M.  Arthur  presented 
the  following  facts  concerning  the  Brotherhood: 

•■A  mighty  armv  of  men,  representing  365  divisions,  has 
gathered  about  a  nucleus  of  12  men,  who,  24  years  ago  assem- 
bled in  the  City  of  Detroit  and  started  an  organization  destined 
to  be  more  than  they  knew  or  dreamed. 

"Today  we  number  25,000  men,  and,  while  our  numbers 
are  great  we  would  not  have  you  consider  only  the  quantity, 
but  the  qualitv  as  well.  To  be  a  Brotherhood  man,  four  things 
are  required,' namely,  sobriety,  truth,  justice  and  morality. 
This  is  our  motto,  and  upon  this  precept  have  we  based  our 
practice  At  last  year's  convention  we  deemed  it  best  to 
slightlv  change  our  plan  of  insurance,  so  as  to  bring  it  witliin 
the  reach  of  all.  We  now  claim  to  have  at  once  the  cheapest 
and  the  best,  the  most  satisfactory,  insuratice  in  existence. 
We  have  paid  out  during  the  fiscal  year  just  closed  to  widows 
and  orphans,  $259, Soo.  making  a  total  of  $2  244,669  that  we 
have  paid  since  the  organization  was  established  in  December. 

'  "^Atthe  close  of  the  last  fiscal  vear  we  had  4,444  members. 
Died  during  the  year,  77  ;  disabled,  11  ;  forfeited,  183  :  and 
had  on  September  i  last  6,267,  showing  a  net  gain  of  1,843 
Our  Journais  circulation  has  now  reached  22,000,  from  which 
we  derive  a  revenue  of  S8,9^2  per  year.  During  the  year  ouj 
Chief   Executive   has  traveled 


,000  miles  of  territory, 


adiusting  grievances  and  attending  union  meetings. 

••  TakinI  all  things  into  consideration,  our  relations-both 
to  ourselves  and  with  various  railroads  employing  Brotherhood 
men-are  amicable.  When  we  consider  the  dissatisfaction 
which  is  everywhere  manifested  about  us  (almost  can  we  leei 
it  in  the  air  which  surrounds  us)  our  few  troubles  pale  into  in- 
significance." 


I  Master  Mechanics'  Association. 

The  following  committee  circulars  have  been  issued  by  the 
Secretary,  Angus  Sinclair,  from  his  office.  No.  175  Dearborn 
Street,  Chicago  : 

TRACTION-INCREASERS   IN  CONNECTION  WITH  OVER-CYLINDERED 
ENGINES. 
Can  the  defect  of  an   over-cylindered   engine   be   best  reme- 
died— 
:       (a)  Bv  the  application  of  a  traction-increaser  ;  or 

\h)  Would  you  in  preference  recommend  that  the  cylinders 
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be  lined  with  a  steel  bush  (a  practice  common  in  marine  ser- 
vice) ;  or 

(,)  That  additional  dead  weight  be  judiciously  distributed 
all  over  the  driving  wheels  ;  or 

(</)  Thai  a  lower  boiler  pressure  be  used  with  an  altered 
ratio  of  s  earn  expansion  ? 

2.  If  you  approve  of  the  use  of  tractionincreasers  on  the 
standard  American  engine,  would  you  also  recommend  their 
application  to  Mogul,  Consolidation  and  Decapod  engines?  If 
not,  why  would  you  restrict  their  use  to  four-wheel-coupled 
engines? 

3.  Having  equipped  an  engine  with  traction-increaser,  would 
you  dispense  with  sand  and  sand-box  ? 

4.  (</)  In  your  opinion  does  a  traction-increaser  practically 
lengthen  the  engine  wheel-base,  thereby  increasing  the  loco- 
motive resistance  on  curves? 

(*)  Can  you  quote  an  experiment  showing  the  difference  in 
haulage  capacity  of  an  engine  so  equipped — first  on  tangent 
and  then  on  curve  ? 

{()  If  you  have  an  engine  equipped,  will  you  try  this  experi- 
ment, and  communicate  the  results? 

5.  If  traction-increasers  are  of  acknowledged  use  in  case  of 
emergency,  is  there  any  reason  why  they  should  not  be  used 
continuously,  and  thus  utilize,  each  trip,  the  advantage  of  the 
increased  haulage  capacity  (this  being  the  service  for  which 
patentees  claim  that  traction-increasers  were  designed)? 

6.  If  they  are  useful  at  low  speeds,  is  there  any  reason  why 
they  cannot  be  made  just  as  useful  at  high  speeds  ? 

-'.  (a)  Are  you  familiar  with  any  schemes  for  increasing 
traction  other  than  those  known  as  Dees,  Purves,  Craven 
(automatic  traction  draw-bar),  and  the  Locomotive  Improve- 
mcnl  Company's  ? 

(/•)  Would  not  the  simple  application  of  screw  and  lever  (as    i 
used  in  European  practice  to  increase  the  weight  on  a  single    j 
driving-axle),  accomplish  the  desired  end  as  effectively  as  the 
above-mentioned  designs?  I 

S.   Have    engines    regularly    using    traction-increasers    de- 
veloped any  special  failures  in  springs,  spring  gear,  side  rods, 
cylinders,  loose  tire  or  special  wear  on  tires,  or  in  cracks   in    1 
frame,  horns  and  horn-stays  ? 

9.  Give  any  information  possible  as  to  first  cost,  cost  of 
application  and  cost  of  repairs  to  traction-increaser,  also 
additional  outlay  or  estimated  saving  in  the  cost  of  general  re- 
pairs of  engines  fitted  with  a  traction-increaser. 

This  Committee  would  like  to  have  their  report  in  the  hands 
of  the  Executive  not  later  than  the  last  day  of  April,  1888. 
J.  Davis  Barnett,  ) 
F.  L.  Wanklyn,       [-  Committee. 
T.  J.   Hatswell,     ) 

Replies  should  be  addresssd  to  J.  Davis  Barnett,  Mechani. 
cal  Superintendent,  Grand  Trunk  Railway,  Port  Hope,  Ontario 

EXTENSION   SM0KE-I50XES   AND    FIRE-I!0.\    ARCHES. 

It  is  a  recognized  fad  that  the  railroad  interest  of  this 
country  is  passing  through  a  crisis  unequaled  in  its  history, 
and  it  is  plain  that  it  becomes  the  duty  of  all  interested  to 
aid  in  its  safe  passage.  The  fuel  consumed  by  locomotives, 
together  with  the  expense  of  adjusting  fire  claims  caused  by 
fire  thrown  from  locomotive  stacks,  are  two  of  the  larger  items 
of  expense  connected  with  railroad  operations. 

Extension  Smoke-boxes  and  Brick  and  other  Fire-box  Arches 
is  a  subject  bearing  directly  on  the  above  points,  and  it  is 
asked  as  a  duty  of  each  and  every  member  of  the  Association, 
and  of  all  having  charge  of  railroad  machinery,  to  assist  the 
Committee  in  getting  out  an  intelligent  and  reliable  report  by 
answering  as  clearly  and  fully  as  possible  the  following  ques- 
tions : 

1.  What  kind  of  fuel  is  used  on  your  locomotives  ;  hard  coal, 
soft  coal  or  wood  ? 

2.  What  is  the  average  amount  of  water  evaporated  per 
pound  of  the  coal  you  are  using? 

3.  What  is  your  average  cost  per  locomotive-mile  for  fuel? 

4.  What  form  of  smoke-box  is  used  on  your  locomotives  ? 

5.  Have  you  had  any  experience  with  the  so-called  "exten- 
sion fronts"?  If  so,  please  give  dimensions  of  the  same,  with 
sketch  showing  location  and  kind  of  netting,  and  situation  of 
deflector  plate,  if  any  used,  also  situation  of  exhaust  nozzles 
and  arrangement  for  discharging  sparks. 

6.  What  form  of  smoke-stack  do  you  use  in  connection  with 
the  extended  front?  In  the  same  connection,  please  state  size 
of  engine  cylinders,  size  of  nozzles,  dimensions  of  fire-box  and 
number  of  flues. 

7.  Do  you  advocate  the  use  of  single  nozzle  in  connection 
with  the  extended  from? 

8.  Have  you  had  any  experience  with  a  device  in  the  ordi- 
nary box  that  would  accomplish  the  same  end  as   that  claimed 


for  the  extended  front?  If  so,  please  state  results  obtained  and 
send  drawings  of  the  same,  and  state  if,  in  connection,  any 
extras  are  used  in  fire  box  as  well  as  showing  smoke-stack 
construction. 

9.  Do  you  favor  the  use  of  a  draft  or  petticoat  pipe  in  con- 
nection with  the  extended  front? 

10.  What  is  the  amount  of  additional  weight  caused  by  ex- 
tended front  and  attachments? 

It.  How  do  you  regard  the  old  style  smoke-box  and  diamond 
stack  in  economy  of  maintcnence,  economy  of  fuel  and  pre- 
ventative of  fires  as  compared  with  the  extension  fronts  and 
attachments? 

12.  Have  you  used  a  fire-brick  arch  or  other  device  in  fire- 
box in  connection  with  extended  front?  If  so,  please  give 
dimensions  of  same,  with  sketch  showing  the  device  and 
manner  of  sustaining  it,  and  the  results  obtained  as  compared 
with  the  plain  fire-box  in  the  same  connection. 

13.  Do  you  favor  the  use  of  a  brick  or  other  arch  in  the  fire- 
box of  a  locomotive  using  bituminous  coal,  and  can  you  say 
from  experience  that  the  advantage  gained  thereby  will  war- 
rant the  expense  of  maintaining  such  arch  ? 

14.  Have  you  noticed  any  injuries  to  fire-box  sheets  resulting 
from  the  use  of  a  fire-box  arch?  Please  send  drawing  of  the 
fire-box  grates  used  in  connection  with  your  extended  front. 

15.  Under  what  circumstances,  if  any.  do  you  advocate  the 
use  of  hollow  stay-bolts  in  fire-box  for  the  purpose  of  admitting 
air  above  the  fire  ? 

16.  All  things  considered,  do  you  favor  extended  fronts  on 
locomotives  as  now  generally  constructed  ?  If  not,  please  state 
objections. 

Please  do  not  confine  yourself  to  the  questions  asked,  but, 
with  your  advice  and  aid  of  drawings,  give  the  Committee  any 
information  you  may  possess  bearing  on  the  subject. 
John  Hickey,  ) 

W.  A.  Foster,         y  Committee. 
E.  L.  Weisgerber,  ) 
Answers   should   sent   to   John  Hickey,   Master  Mechanic, 
Wilwaukee,  Lake  Shore  &  Western  Railroad,  Kaukauna,  Wis- 
consin. 

Master  Car-Builders'  Association. 

THii  following  circular  has  been  issued  from  the  Secretary's 
office,  dated  November  15. 

"The  report  of  the  Executive  Committee  of  the  Master 
Car-Builders'  Association  having  been  approved  by  the  Associ- 
ation, and  the  Janney  Type  of  Coupler  having  been  made  the 
Master  Car-Builders'  Standard,  a  sub-committee  has  been 
appointed  by  the  Executive  Committee  to  consummate  the 
recommendation  of  the  report  that  the  Association  procure 
one  of  the  present  makes  of  Janney  Type  of  Coupler,  selection 
being  made  by  a  committee  appointed  for  that  purpose,  and 
then  all  other  forms  of  couplers  that  will  couple  to  and  with 
this  coupler,  under  all  conditions  of  service,  are  to  be  con- 
sidered as  within  the  Janney  Type  and  conforming  to  the 
standard  of  this  Association. 

"  All  parties  who  claim  to  manufacture  couplers  within  the 
Master  Car-Builders'  Type  are  requested  to  send  two  couplers, 
completely  finished  and  ready  for  service,  to  R.  D.  Wade, 
Superintendent  of  Motive  Power,  Richmond  &  Danville  Rail- 
road. 1300  Pennsylvania  Avenue,  Washington,  D.  C.on  or 
before  December  13,  1SS7.  Such  parties  are  further  requested 
to  send  a  representative,  to  appear  before  the  Committee  on  the 
above  date  and  at  the  above  place,  who  will  with  p.-oper  draw- 
ings describe  the  mechanical  construction  of  the  coupler  he 
represents,  such  drawings  to  remain  with  the  Committee  and 
become  the  permanent  property  of  the  Master  Car-Builders' 
Association. 

"If  in  the  judgment  of  the  Committee  it  should  become 
necessary  to  attach  the  couplers  to  cars,  the  Committee  will 
provide  cars  and  facilities  for  testing,  but  all  expenses  incident 
to  attaching  the  couplers  must  be  defrayed  by  the  owners  of 
the  couplers. 

"The  Committee  will  not  consider  models  or  drawings  of 
couplers  not  represented  by  full-sized  couplers  ready  for  at- 
tachment  to  cars  as  above  described. 

"The  Committee  will  make  their  report  to  the  Executive 
Committee,  who  will  issue  drawings  of  the  Master  Car- 
Builders'  Type,  and  officially  announce  the  names  of  the 
couplers  which  are  within  this  type. 

"  The  members  of  the  Master  Car-Builders'  Association  are 
invited  to  meet  with  the  Committee  and  assist  them  in  their 
investigation  of  the  various  couplers. 

"Edwtard  B.  Wall, 
"R.  D.  Wade, 


'John  S.  Lentz, 
•J.  W.  Cloud, 


'  Committee." 
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Mr.  P.  A.  Smith  is  now  Resident  Knginecr  on  the  .Texas  & 
Pacific  roail. 

Mr.  C.  E.  Marvin  has  been  appointed  Roadmaster  of  the 
Central  Railroad  of  Georgia. 

Mr.  R.  C.  Peebles  has  resigned  his  position  as  Superin- 
u  ndeiit  of  llie  .Mexican  National  Railway. 

Mr.  H.  Tandy  has  been  appointed  Superintendent  of  Motive 
Power  of  the  New  York,  Ontario  &  Western  Railroad. 

Mr.  J.  D.  Letcher  is  Chief  Engineer  of  the  Ohio  &  North- 
western road,  with  headquarters  at  Portsmouth,  Ohio. 

Mr.  C.  H.  Mead  has  been  appointed  Master  Car-Builder  of 
the  Texas  iV  Pacific  road,  with  ofBce  at  Marshall,  Texas. 

Mr.  E.  Canfield,  late  Division  Superintendent,  is  now  Chief 
r,nt;ineer  of  the   New  York,  Ontario  &  Western  Railroad. 

Mr.  F.  L.  Stevens  has  been  appointed  Chief  Engineer  of 
the  Main  Line  Division  of  the  Philadelphia  &  Reading  Rail- 
road. 

Mr.  Edmund  Yardley  is  now  Superintendent  of  Transporta- 
tion of  the  Pennsylvania  Company's  lines,  with  office  in  Pitts- 
burgh. 

Mr.  Joseph  Wood  has  been  appointed  General  Superin- 
tendent of  Transportation  for  all  the  Pennsylvania  lines  west 
ot  Pittsburgh. 

Mr.  George  L.  Potter  is  Master  Mechanic  of  the  Pennsyl- 
vania Company's  shops  at  Fort  Wayne,  Ind.,  succeeding  F.  D. 
Casanave,  promoted. 

Mr.  J.  T.  Dodge  has  resigned  his  position  as  Chief  Engi- 
neer of  the  Montana  Central  Railroad.  Pfis present  address  is 
Duluth,  Minnesota. 

Mr.  C.  W.  Lanpher,  late  Division  Superintendent,  is  ap- 
pointed Superintendent  of  Transportation  of  the  New  York, 
Ontario  &  Western  Railroad. 

Ex-Governor  Benjamin  F.  Prescott  has  been  appointed 
Railroad  Commissioner  of  New  Hampshire,  succeeding  E.  J. 
Tenney,  whose  term  has  expired. 

Mr.  Benjamin  Thomas,  lately  on  the  New  York,  Lake  Erie 
&  Western,  is  now  General  Superintendent  of  the  Chicago  & 
Atlantic  road,  with  office  in  Chicago. 

Mr.  F.  D.  Casanave  has  been  appointed  Superintendent  of 
Motive  Power  of  the  Pennsylvania  Company's  lines  (west  of 
Pittsburgh)  and  will  have  his  office  at  Fort  Wayne,  Indiana. 

Mr.  Theodore  Scheffler,  of  Paterson,  N.  J.,  is  now  in  Ger- 
many, introducing  the  Rotary  Steam  Snow-shovel  on  the  Saxon 
State  railroads.  The  order  for  the  first  or  sample  plow  has 
been  given  ;  it  will  be  built  in  Saxony. 

Mr.  A.  Gottlieb  has  taken  an  interest  in  the  Mt.  Vernon 
Bridge  Company  at  Mt.  Vernon,  O.,  and  will  act  as  Consult- 
ing Engineer.  He  will  also  retain  his  connection  with  firm  of 
A.  Gottlieb  &  Co.,  and  his  office  in  Chicago. 

Mr.  Michael  Rickard,  of  Utica,  has  been  appointed  a  Rail- 
road Commissioner  of  New  York  to  succeed  John  D.  Kernan, 
resigned.  Mr.  Rickard  is  a  locomotive  engineer  on  the  New 
York  Central  road.  He  was  nominated  for  the  office  last  win- 
ter, but  not  confirmed. 

Mr.  A.  K.  Mansfield,  Mechanical  Engineer,  has  removed 
his  office  from  Chicago  to  New  York,  and  has  established  him- 
self there  at  No.  2S0  Broadway  (Stewart  Building)  in  company 
with  Mr.  George  L.  Mansfield,  under  the  firm  name  of  A.  K. 
Mansfield  &  Company. 

Mr.  John  Bogart  was  elected  State  Engineer  of  New  York 
on  November  3.  The  State  thereby  gains  a  most  capable  and 
efficient  public  officer  ;  it  is  to  be  hoped  that  the  American 
Society  of  Civil  Engineers  will  not  lose  the  services  of  an  ex- 
cellent Secretary. 

Mr.  James  McCrea,  late  Manager,  has  been  made  Fourth 
Vice-President  and  General  Manager  of  the  Pennsylvania 
Company,  the  Pittsburgh,  Cincinnati  &  St.  Louis  Railway 
Company  and  the  Chicago,  St.  Louis  &  Pittsburgh  Railroad 
Company.     His  office  will  be  in  Pittsburgh. 

D.  J.  Whitteraore,  of  Milwaukee  ;  Joseph  M.  Wilson,  of 
Philadelphia,  and  Alfred  P.  Boiler,  of  New  York,  form  a  com- 
mittee ol  engineers  selected  to  report  on  the  long-discussed 
question  of  providing  proper  terminal  facilities  in  Providence, 
R.  I.,  for  the  railroads  entering  that  city. 
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NOTES   AND   NEWS. 

An  English  Electric  Yacht. — The  new  yacht  Countess, 
which  is  claimed  to  be  the  largest  vessel  to  which  electric  pro- 
pulsion has  yet  been  applied,  has  had  several  successful  trials 
near  London.  The  boat  is  go  ft.  long  and  has  a  screw  3  fi.  6 
in.  diameter  and  5  ft.  6  in.  pitch,  which  is  to  run  200  revolu- 
tions  a  minute.     The  motor  is  of  the  Elieson  pattern. 

French  Iron  Production. — The  total  production  of  pig-iron 
in  France  in  i8s6  was  1,507,850  tons.  The  production  of 
manufactured  iron  was  707,214  tons  and  of  steel  466,913  tons. 
There  was  a  slight  decrease  in  each  item.  The  steel  produc- 
tion included  348,29^  tons  of  Bessemer  and  89,755  tons  ol 
open-hearth  steel. 

During  the  year  there  were  20,014,597  tons  of  coal  mined  in 
France;  8,366,205  tons  of  coal  and,  1,059,282  tons  of  coke 
were  imported. 

English  Consumption  of  Iron  Ore.— The  amount  of  iron 
ore  used  in  Great  Britain  last  year  is  given  by  official  returns 
as  follows,  in  tons : 

i886.  1885. 

Mined  in  Great  Britain  14,110,013    is,4i8,o8j 

Imported  from  other  countries 1,878,469      2,822,598 

Total 16,988,482    18,240,680 

Nearly  all  the  imported  ore — 2,646,089  tons — came  from 
Spain.  Algeria  supplied  165,554  tons,  and  only  insignificant 
amounts  came  from  other  countries. 

Signals  at  Sea. — The  New  York  Maritime  Exchange  has 
prepared  a  memorial  to  the  President,  requesting  him  to  take 
measures  to  bring  about  an  international  conference  for  the 
purpose  of  arranging  an  improved  system  of  signals  to  be  used 
by  ships  at  sea,  the  system  now  in  use  being  considered  crude 
and  imperfect. 

Should  such  a  conference  be  called,  it  is  suggested  that  sev- 
eral other  subjects  might  be  considered,  among  them  the  con- 
certed use  of  naval  vessels  of  all  nations  in  securing  improved 
charts,  etc.,  life-saving  service,  and  the  removal  of  derelict 
wrecks  at  sea. 

The  Military  Prize  Essay.— Lieutenant  E.  R.  Hills.  As- 
sistant Secretary  of  the  United  States  Military  Service  Institu- 
tion, has  issued  the  following  notice: 

"At  a  meeting  of  the  Executive  Council  of  the  Military  Ser- 
vice Institution,  held  on  Governor's  Island,  October  20,  the  fol- 
lowing was  selected  as  the  subject  for  the  prize  essay  of  1887  : 
'  Organization  and  Trainingof  a  National  Reserve  for  Military 
Service.' 

"  The  object  is  to  open  for  discussion  thegeneral  question  of 
how  a  national  reserve  force  available  should  be  organized  and 
how  it  should  be  trained  by  annual  manoeuvres  or  otherwise, 
for  immediate  service." 

Train  Lighting  Extraordinary. — We  have  seldom  seen  a 
more  reniaikable  or  original  notion  put  forward  in  a  responsi- 
ble quarter  than  that  contained  in  a  French  specification  filed 
by  La  SociJlJ  pour  U  transport  de  la  force  par  I' EUxtricit,-,  as  a 
method  of  lighting  railway  carriages  by  electricity.  This  is 
the  company  of  which  M.  Marcel  Deprez  forms  so  distinguished 
an  ornament.  The  proposal  is  to  place  a  small  windmill  upon 
the  roof  of  each  carriage,  and  so  to  provide  motive  power  for 
the  usual  paraphernalia  of  dynamos,  secondary  batteries  and 
glow-lamps.  As  to  the  prospects  of  success  of  this  scheme, 
while,  of  course,  we  shall  hope  for  the  best,  yet  we  are  pre- 
pared— we  may  say  fully  prepared — for  the  worst. — London 
Electrician. 

A  Palace  Street-Car.— The  Gilbert  Car  Manufacturing 
Company  has  nearly  completed  a  street  car  for  Dom  Pedro" 
of  Brazil,  which  is  to  be  the  most  expensive  car  of  that  de- 
scription ever  built.  The  body  ot  the  car  is  of  paneled  ma- 
hogany inside  and  out,  and  all  metal  work  showing  is  gold 
plated.  The  car  is  about  the  size  of  an  ordinary  streetcar  and 
has  four  windows  on  each  side,  the  glass  being  very  heavy 
French  plate.  The  windows  have  curtains  of  brocatel  inlaid 
with  cloth-of-gold.  The  roof  is  surmounted  by  a  dome  which 
is  of  jeweled  glass,  furnished  by  Tiffany,  of  New  York.  The 
furniture  of  the  inside  consists  of  two  divans  upholstered  with 
cloth-of-gold,  and  four  large  arm-chairs  of  ratian  gilt,  and  pro- 
vided with  curtains  of  silk  plush.  The  wooden  panels  inside 
are  covered  handsomely,  the  crown  of  Brazil  being  a  promi- 
nent feature.  The  floor  is  covered  with  the  finest  Wilton  car- 
pet, and  all  the  accessories  are  of  the  finest  kind,  even  the 
water-cooler  being  gold-plated.  This  car  is  probably  the  finest 
specimen  of  work  of  the  kind  ever  turned  out. 

Finding  a  Lost  Car. — A  very  singular  loss  and  recovery 
occurred  recently  on  the  Union  Pacific  near  Laramie.  A 
special  freight,  running  psseanger  time,  broke  in   two  on  the 
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hill,  and  the  front  section  ran  around  a  sharp  curve  so  fast  that 
it  whipped  off  the  rear  car,  filled  with  choice  Chinese  silks, 
into  the  gulch,  where  it  disappeared  from  sight  in  the  heavy 
brush.  The  break  was  so  clean  that  the  two  sections  were 
coupled  without  the  single  car's  absence  being  noticed.  For 
two  months  that  car  lay  there,  while  the  entire  road  was  being 
searched  far  and  near  for  it.  The  other  day  a  cowbow  rode 
into  a  small  station  on  the  line  and  casually  asked  when  they 
were  going  to  clear  up  that  wreck  down  in  the  gulcTi.  The 
agent  knew  of  no  wreck,  and  thought  the  cowboy  was  fooling 
with  him,  but  at  last,  convinced  he  was  in  earnest,  went  with 
him  to  the  spot.  There,  at  the  bottom  of  a  very  deep  fill,  be- 
hind a  huge  pile  of  boulders  and  a  mass  of  sage  brush,  lay  the 
missing  car.  No.  gf).  It  was  resting  on  its  side,  and  strange 
enough,  the  trucks  were  in  proper  place.  The  doors  were  sealed, 
and  there  was  nothing  beyond  a  few  bruises  and  dents  in  the 
roof  and  sides  to  showi  that  there  had  been  any  rough  treat- 
ment experienced. — Omaha  Republican. 

Blast  Furnaces  of  the  United  States.— The  tables  com- 
piled by  the  J  rati  Acf  give  the  condition  of  the  blast  furnaces 
on  November  i  as  follows  : 

In  blast.  Out  of  blast. 

Weekly     '"  Weekl7 

Fuel.  Furnaces,  capacity.  Furnaces,  capacity. 

Charcoal 70  i''!,344      '     10^  8,864 

Anthracite 124  40,028  u  17,111 

Bituminous  and  coke 151  90,459  56  17.901 

Total 345  142,831  233  43,876 

The  /rcn  Age  comments  as  follows  :  "  On  the  whole,  Octo- 
ber has  been  rather  an  uneventful  month  for  the  pig-iron  in- 
dustry of  the  United  States,  so  far  as  fluctuations  in  the  capacity 
actively  at  work  are  concerned.  There  has  been  very  slight 
falling  off  in  anthracite  pig  production,  and  a  slight  gain  in 
coke  iron,  the  aggregate  make  being  very  heavy.  So  far  as 
reports  bearing  on  the  immediate  future  are  concerned,  they 
do  not  indicate  any  decided  movement,  either  in  the  direction 
of  a  restriction  or  of  an  expansion.  Indeed,  it  may  be  said 
that  the  current  production  is  very  close  to  the  maximum  ca- 
pacity, considering  the  slight  inducements  which  are  offered 
by  present  prices  as  related  to  costs." 

Baton  Forts. — It  is  known  that  the  new  fortifications  at 
Antwerp  have  been  built  on  new  plans,  adopted  for  the  pur- 
pose of  meeting  the  progress  of  modern  artillery,  and  espec- 
ially to  provide  against  the  use  of  the  improved  projectiles. 

The  explosion  of  shells  of  the  latest  patterns  is  very  de- 
structive to  masonry  walls,  as  was  shown  at  Cummersdorf 
and  the  fort  of  Malmaison.  Accordingly  engineers  have  been 
led  to  substitute  beton  or  concrete  for  brick  or  stone  masonry 
in  those  parts  of  a  fortification  whi:h  are  exposed  to  the  fire 
of  siege  guns. 

At  the  fort  of  Schooten,  which  is  part  of  the  advanced  line 
of  defense  at  Antwerp,  all  the  casemates  are  of  beton.  These 
casemates  are  3  meters  in  thickness  at  the  crown  of  the  arch, 
and  it  is  believed  that  they  will  be  strong  enough  to  withstand 
the  effect  of  any  fire. 

It  may  be  noted  that  the  extreme  precision  and  the  long 
range  of  modern  siege  guns  have  made  it  necessary  to  aban- 
don almost  entirely  the  defense  of  forts  by  guns  en  barbette  or 
in  the  open  air.  For  this  reason  all  the  heavy  guns  are  now 
covered  or  placed  in  casemate,  and  for  defense  against  assault 
smaller  rapid-firing  guns  and  machine-guns  or  mitrailleuses 
are  provided. — Kc-'iie  Scientifiqiie. 

Car  Service  Charges. — The  Pennsylvania  Railroad  Com- 
pany has  made  the  change  in  charges  for  freight-car  service 
which  was  recommended  by  the  Car  Accountants' Association, 
substituting  a  mixed  mileage  and  per  diem  charge  for  the  sim- 
' pie  mileage  charge  (5^  cent  per  mile)  heretofore  made.  The 
new  system  took  effect  October  i.  and  its  details  are  given  in 
the  following  order: 

"  I.  The  mileage  rate  shall  be  "^  cent,  per  mile  and  15  cents 
per  day  per  car  for  each  day,  Sunday  included. 

"  2.  The  rale  on  four-wheel  cars  shall  be  %  cent  per  mile  and 
TYz  cents  per  day. 

"3.  No  per  diem  charge  to  be  paid  on  cars  delivered  and 
returned  the  same  day. 

"  4.  Days  to  be  counted  from  one  day  to  another,  that  is.  a 
car  received  on  April  i  and  delivered  on  April  5  equals  4  days. 

"5.  The  per  diem  charge  on  cars  shifted  by  one  railroad 
for  another,  for  the  purpose  of  receiving  or  discharging  lading, 
shall  be  paid  by  the  road  on  which  the  switching  is  done. 

"6.  The  per  diem  rate  shall  be  paid  on  cars  in  shops,  and 
on  cars  destroyed,  until  date  of  notice  to  owners." 

Other  prominent  companies  have  signified  their  intention  of 
adopting   the  same    system,  which    will    probably  come    into 


Excavation  by  Dynamite. — I.e  Genie  Ci-'it  gives  an  inter- 
esting account  of  the  use  of  dynamite  for  sinking  holes  in  wet 
ground  for  foundations.  It  has  been  successfully  used  in 
building-  the  fortifications  around  the  City  of  Lyons.  The 
foundations  for  the  walls  were  to  be  built  in  an  alluvial  soil, 
constantly  inundated  by  the  River  Rhone,  and  composed  of 
shifting  sand.  It  was  necessary  to  sink  two  meters  to  find 
good  ground  on  which  to  build.  ICight  cartridges  of  dynamite, 
containing  each  100  grammes,  were  exploded  together,  result- 
ing in  a  hole  1. 10  meters  diameter.  In  this  a  metal  cylinder 
was  sunk,  the  hole  then  cleared  out,  the  concrete  filled  in,  and 
the  cylinder  withdrawn. 

Three  points  are  especially  interesting  in  this  matter. 

1.  The  explosion  makes  a  hole  shaped  like  the  frustum  of  a 
cone.  1. 00  to  1.20  meters  in  diameter,  with  a  depth  equal  to  75 
per  cent,  of  that  required,  on  account  of  the  earth  falling  in. 

2.  The  explosion  compresses  the  surrounding  earth  to  such 
a  degree  that  the  walls  of  the  hole  remain  vertical  long  enough 
to  clean  out  the  hole  and  put  in  the  concrete. 

3.  The  water  is  driven  back  so  far  that  it  does  not  begin  to 
again  filter  through  the  walls  for  half  an  hour. 

This  operation  was  so  expeditious  that  in  a  single  day  of  10 
hours  5  holes  2  meters  deep  were  sunk,  cleaned  out  and  con- 
creted,  and  the  work  of  laying  foundations  on  them  was  begun. 
The  foundation  was  24  meters  long. 

A  Russian  War-ship. — A  new  Russian  ironclad,  modeled 
on  the  JmpL-rifiise  of  the  English  Navy,  has  just  arrived  at 
Cronstadt  from  the  Baltic  Engineering  Works  at  St.  Peters- 
burg, to  receive  her  artillerv.  etc..  aboard,  preparatory  to  be- 
ing attached  to  the  Baltic  fleet.  The  Admiral  Nal.-liimoff  is 
333  ft.  long  (the  Impcrietise  is  315  ft.),  61  ft.  broad  ^the  Inipe- 
rieHsc\?,bii\..),  and  has  a  displacement  of  7,782  tons  as  compared 
with  the  7.390  tons  of  the  English  vessel.  The  contract  for 
the  ironclad  was  signed  in  July.  1884.  and  the  launch  took 
place  in  October  the  following  year.  Last  October  the  official 
trials  took  place,  when  the  engines  (two  triple-expansion 
engines  of  4.000  I.  H.  P.  each)  worked  up  to  4.500  H.  P.  and 
realized  a  speed  of  17),'  knots.  The  hull  of  the  Xakhimof  is 
built  entirely  of  Russian  metal,  the  steel  being  manufactured 
at  the  Putiloff  Works  at  St.  Petersburg.  The  armor-plating, 
which  ranges  in  thickness  from  6  in.  to  10  in.,  was  rolled  at 
the  Kolpina  Steel  Works,  where  Messrs.  Cammell  &  Co.  have 
established  an  armor  rolling-mill  for  the  Russian  Government. 
Without  armor  and  fittings  the  hull  has  cost  Si. 310.000  ;  the  en- 
gines, without  auxiliary  mechanism.  !{;640,coo.  The  pumps  are 
of  the  Gwynne  description,  and  the  fire  engines  are  being  sup- 
plied by  Messrs.  Shand  &  Mason.  The  two  torpedo  cutters, 
which  the  ironclad  carries,  have  been  built  by  Messrs.  Crichton^t 
Co.,  of  Abo.  Finland.  The  machine  guns  used  are  of  the 
Hotchkiss  description,  and  the  vessel  is  fitted  with  a  tube  for 
discharging  15-ft.  Whitehead  torpedoes.  In  general,  the  Rus- 
sians are  very  pleased  with  the  new  addition  to  the  Baltic 
fleet,  and  claim  that  during  its  construction  advantage  has  been 
taken  to  rectify  the  defects  which  practice  has  brought  to  light 
in  connection  with  the  Imp,'rieuse. — Engineering. 

The  Manchester  Ship  Canal. — At  the  recent  meeting  of 
the  British  Institute.  Mr.  E.  Leader  Williams,  Engineer  of  the 
Manchester  Ship  Canal,  read  a  paper  on  the  canal.  .\t  the 
outset  he  mentioned  that,  after  unsuccessful  attempts  in  the 
years  1883  and  1884.  acts  of  Parliament  were  obtained  in  the 
sessions  of  18S5,  18S6  and  18S7,  which  gave  the  Manchester 
Ship  Canal  Company  power  to  construct  a  large  ship  canal 
from  the  deep  water  at  Eastham,  near  Liverpool,  to  Manches- 
ter. The  Board  of  Trade  having  certified  that  the  conditions 
in  the  Acts  relating  to  capital  had  been  complied  with,  the  con- 
tract for  the  whole  of  the  works  had  been  let  to  Mr.  T.  A. 
Walker,  of  Westminster,  and  the  construction  of  the  cana". 
would  be  commenced  as  soon  as  the  arrangements,  miw  in 
progress,  for  the  purchase  of  the  lands  required  were  com- 
pleted. The  canal  would  be  of  greater  bottom  width  than  the 
Suez.  Amsterdam  or  any  other  ship  canal,  and  it  would  absorb 
the  whole  of  the  waters  of  the  rivers  Mersey  and  Irwell.  and 
their  tributaries,  between  Manchester  and  Warrington.  From 
Eastham  to  Warrington,  a  distance  of  20  miles,  the  tidal  water 
of  the  Mersey  estuary  would  be  impounded  on  one  level  by 
large  entrance  locks  at  Eastham.  The  depth  of  the  water  in 
the  canal  would  vary  with  the  height  of  the  tide,  but  would 
never  be  less  than  25  ft.  The  minimum  bottom  width  of  the 
canal  would  be  120  ft.,  or  nearly  45  ft.  more  than  the  Suez 
Canal.  Above  Warrington,  large  ship  locks  would  be  con- 
structed at  Latchford,  Irlam  and  Barton,  to  raise  the  canal 
to  the  level  of  Manchester.  The  total  length  of  the  canal 
would  be  35  !4  miles.  Docks,  quays  and  basins  would  be  con- 
structed at  Manchester.  Barton,  Warrington.  Partington  and 
Weston  Point.     The  existing  ducks  at  Runcorn,  now  the  pro- 


Vol.  LXI,  No.  12.; 


ENGINEERING    JOURNAL. 


584 


perty  of  the  .Manchester  Ship  Canal  Company,  WL-re  cunnectcd 
with  (he  canal  and  would  afford  the  means  of  dcvelopins  the    1 
trade  of  Staffordshire  and  the  Potteries.     The  docks  at  Wes-    i 
ton  Point  and  EUesmere  Port  were  on  the  canal.     The  Bridge- 
water  canals  recently  purchased  by  the  Ship  Canal  Company 
were  in  connection  with  the  proposed  new  docks  at  Manchis-    | 
ter,  and  all  the  inland  canals  were  in  direct  communication    ' 
with  the  Bridgewater  Canal,  which  would  also  join  the  Ship    ] 
Canal  at  Runcorn  and  Barton.  [ 

Antarctic  Exploration. — The  endeavors  of  the  Australian 
colonies  to  raise  money  for  resuming  explorations  in  the  Antarc- 
tic regions  have  so  far  been  unsuccessful.  The  funds  for  re- 
wards to  whalers  extending  their  cruises  beyond  the  f)oth  de- 
gree of  south  latitude  have  not  been  appropriated,  and  nothing  ' 
has  been  done  since  Allen  Young's  offer  to  take  command  of 
an  expedition  of  this  kind.  Sir  Graham  Berry  has,  in  accord- 
ance with  instructions  from  the  Government  of  Victoria,  asked 
the  British  Government  to  contribute  the  sum  of  ^5,000  toward 
an  Antarctic  exiiedition,  provided  the  Australian  colonies  agree 
to  contribute  an  ecjual  sum,  and  the  subject  is  now  under  con- 
sideration. The  financial  state  of  the  colonies  is  not  very  good 
at  the  present  time,  and  therefore  it  is  not  likely  that  any  ener- 
getic attempt  will  be  made.  The  movement  for  resuming 
these  explorations  originated  in  Germany  ;  but  so  far  nothing 
has  been  done  there  to  raise  money  and  send  out  an  expedi- 
tion, as  the  activity  of  explorers  is  almost  exclusively  directed  } 
toward  Africa  and  the  islands  of  the  Pacific  dcean. 

Our  American  whalers  are  those  who  have  the  most  immedi- 
ate interest  in  the  matter,   as  they  frequent  the   neighboring 
seas  and  obtain  considerable  quantities  of  whale-oil  from   that 
region.     A  few  years  ago  one  of  them  landed  on  Graham  Land    I 
and  found  near  its  shores  an  abundance  of  sea-animals  ;  but  as    ' 
he  had  no  authority  to  visit  those  dangerous  latitudes,  and  as    ; 
the  ice  was  closing  upon  his  ship,  he  did  not  continue  his  e.x-    i 
plorations.     We  do  not  think  that  the  endeavors  of  the  Austra- 
lian colonies  will  be  successful  for  some  time  to  come,  and  it 
would  be  gratifying  if,  meanwhile,  American  enterprise  would 
take  up  this  important  problem,  in  which  no  nation  is  more  in- 
terested than  we  are,  as  our  vessels  are  those  which  visit  Ant- 
arctic  waters  most  frequently,  and  as  a  successful  approach   is 
most  probable  close  to  the  south  point  of  our  continent. 

Arctic  navigation  shows  that  progress  is  always  most  prom- 
ising under  the  shelter  of  land.     Graham  Land  can  be  reached 
with     comparative  ease ;    and    under   its   shelter,    that   is,   on    ' 
its  eastern  coast,  important  discoveries  can  be  made  without    1 
great  risk    and  at  no  great  expense.     This  would  be  a  task  for 
one  of  our  whaling-masters  who  navigate  year  after  year  the 
ice-covered  waters  of   the   Arctic  Ocean  in   their  stanch    and    | 
swift  schooners. — Scieitcc: 

Barge  Building  in  Russia.— While  Russia  is  not  a  builde'' 
of  iron  vessels  for  sea-going  or,  with  rare  exceptions,  for  rive"" 
purposes,  owing  to  the  collapsed  condition  of  the  ship-building 
industries,  she  still  turns  out  every  year  an  immense  number 
of  wooden  craft   of  considerable   rna'gnitude.     If  a  steamer  of 
800  tons  is  a  very  large  one  for   her  to  produce,  and  is  only 
produced   occasionally,   she  constructs  every   season  wooden    | 
barges  with  the  enormous  cargo  capacity  of  S,ooo  tons  for  ser- 
vice on   the  Volga.      Barges  for  canal  purposes,  as  small  as 
those   used   in  this  country,  are  scarcely  ever  seen  in  Russia. 
The  average    Russian  barge  conveys  as  much   cargo  as    the 
average  English  coasting  cargo  ship.      Plying  regularly  on  the 
River  Volga,  season  after  season,  are  3,000  permanent  barges 
of   1,000  tons   cargo  capacity  apiece,   making  a  united  cargo 
capacity  of  3.000,000  tons.      These  are   very   strongly  built,     I 
almost  clumsily  so,  but  answer  the  purpose  for  which  they  are    \ 
intended — to  carry  cargoes  to  the  Great  Fair  at  Nijni  Novgo-    ' 
rod,  and   convey  others   back  again  to  the  various   navigable 
branches  of  the  River  Volga.     In  excess  of  these,  200  barges 
are  built  on  the  Kama  and  Volga  every  year,  intended  only  to 
carry  goods  to  the  destination  and  then  be  broken  up,  ranging 
in  cargo  capacity  from  5.000  to  S.(xx>  tons.     Occasionally  even    ; 
barges  of  to, 000  tons  cargo  capacity  are  seen  at  the  Great  Fair,    j 
Such  mammoth  vessels  are  built  in'the  autumn  and  winter,  and    , 
float  with  the  spring  floods  down  rivers  unnavigable  in  sum- 
mer to   the  Volga,  where  they  are   taken   in  tow  by  steamers    1 
and   conveyed   to   Nijni   Novgorod.     Their  length — 300  ft.  or 
400  ft. — unfitting  them  for  traversing  the  canal  system  between 
the  Volga  and   St.  Petersburg— the  locks  accommodating  only 
vessels   147  ft.  long — 1,000  smaller  barges   of  200  or  300  tons 
capacity  are  constructed  specially  for  this  purpose,  being  used    | 
afterward  at  St.  Petersburg  and  other  towns  for  firewood,  etc.    * 
On    the   Volga   also  the  barge    builders  turn   out  4,000  ferry    ; 
barges,  fishing  boats   and   small   craft  of  various  kinds  every 
year.       Formerly    a   large    number    of    three-masted   wooden 
vessels  for  the  Caspian  used  to  be  built  annually,  but  the  rapid 
-extension  of  the  steamer  service  there  has  checked  this  branch    I 


of  the  industry.  While  in  England  canals  have  long  been 
under  a  cloud  in  Russia  the  construction  of  railroad  has  very 
little  agecied  their  traffic,  and  they  are  undergoing  constant 
development. — Engineering. 

A  French  Submarine  Boat. — Vice  Admiral  Bourgeois  is 
claimed  in  France  as  the  first  inventor  of  the  submarine  boat 
many  years  ago,  and  its  prototypes,  including  the  American 
Peacemaker  essayed  in  other  nations,  are  counted  as  but  so 
many  adaptations  of  the  original  idea.  Dismissing  any  argu- 
ment on  the  point,  our  present  attention  is  engaged  upon  a  div- 
ing vessel  which  is  to  be  made  at  Toulon,  and  whose  keel  was 
laid  as  far  back  as  April  last  on  the  slips  of  the  Mourillon 
Docks.  The  lines  of  the  new  craft  are  due  to  M.  kamazotli, 
a  first-class  sub-engineer  of  the  French  Navy,  and  whose  design 
is  fast  approaching  completion.  Shaped  like  a  cigar,  on  the 
Winans  type,  the  hull  measures  55  ft.  from  end  to  end,  and 
the  widest  beam  is  exactly  fi  ft.  The  immersion  of  the  vessel 
in  controlled  by  means  of  leaden  plates  disposed  along  her 
sides,  and  when  afloat  only  from  16  to  18  ft.  of  the  crown  of  the 
shell  will  be  visible  above  water.  From  the  center  of  this  part 
rises  a  small  dome  with  buU's-eye  ports  around,  and  from  the  in- 
terior of  the  receptacle,  the  vessel  is  guided  upon  its  course  or 
made  to  sink  or  swim  at  the  will  of  the  commander  within.  The 
motive  power  is  imparted  by  a  Krebs  electric  motor  of  50  H. 
P.  which  will  work  twin  screws  up  to  the  estimated  speed  of 
10  knots.  The  internal  divisions  of  the  hull  and  framework 
or  fittings  are  of  brass  or  red  copper,  and  all  the  other  machin- 
ery, excepting  the  screw  actions,  will  be  dependent  upon  com- 
pressed air  from  cylinders  containing  about  100  atmospheres 
in  store.  Room  is  also  found  within  the  shell  for  a  consider- 
able provision  of  respirable  air  for  the  crew,  which  includes 
the  commander,  12  engineers  and  3  seamen. 

To  sink  the  vessel  to  varying  depths  beneath  the  surface, 
water  in  reiiuisite  quantity  is  to  be  pumped  into  reservoirs,  and 
to  direct  a  straight  course,  an  ordinary  rudder  in  the  usual  pos- 
ition is  employed,  but  to  shape  a  vertical  progress  there  are 
rudders  hinged  about  one-third  the  length  of  the  boat  at  the 
sides,  aft,  or  just  before  the  counters.  With  these  adjuncts  the 
rise  or  descent  and  oblique  course  of  the  hull  are  controlled,  and 
in  the  supposition  of  a  near  approach,  unobserved  and  scathe- 
less, to  a  hostile  vessel,  the  powers  of  destruction  become 
available.  The  compressed-air  tubes  will  enable  the  com- 
mander to  launch  two  torpedoes  of  small  size  but  terrific  force 
from  the  diver.  The  two  engines  are  linked  together  by  a  wire 
loop,  and  another  wire  connected  with  the  battery  in  the  boat 
pays  out  on  their  discharge.  The  diver  withdraws  from  the 
spot,  and,  at  a  convenient  moment,  the  explosion  is  effected  with 
all  safety  of  the  assailants  under  water.  It  is  stated  that  an 
automatic  diving  boat  of  similar  nature  has  been  successfully 
tried  in  Russia,  during  some  operations  on  the  Neva  before  the 
Czar. —  The  Broad  Arrow. 

Modern  Sieges. — At  the  last  meeting  of  the  Military  Ser- 
vice Institution  on  Governors  Island,  N.  Y.,  Captain  J.  G.  D. 
Knight,  U.  S.  Engineers,  read  a  paper  on  the  Attack  and  De- 
fense of  Modern  Fortifications  and  the  Latest  Experience  and 
Principles  in  Modern  Sieges. 

"The  first  point  to  settle  is  what  can  be  considered  modern 
sieges,"  began  the  lecturer,  and  then  he  briefly  referred  to 
Sebastopol.  Strasburg,  Metz  and  Plevna,  and  concluded  that 
a  modern  siege  was  a  siege  conducted  on  both  sides  with  all 
the  methods  of  modern  warfare. 

The  lecturer  then  called  attention  to  the  siege  of  Belfort, 
where  all  rules,  except  those  relating  to  countermining  and 
meeting  assaults,  were  exemplified.  He  then  touched  upon 
the  development  of  artillery;  that  of  small  arms;  the  relative 
effect  of  artillery  and  infantry  fire,  and  the  modifications  of 
details  and  methods  of  fortifications.  After  this  Captain 
Knight  outlined  the  attack  and  defense  of  permanent  works, 
and  referred  to  the  same  points  with  respect  to  field  works, 
touching  especially  on  the  use  of  modified  sap  work  to  be  used 
in  the  attack  of  the  latter. 

"  The  attack  and  defense  of  field  fortifications,"  continued 
the  lecturer,  "will  always  be  of  more  importance  to  us  than 
those  of  permanent  works  because  of  our  foreign  policy,  of  the 
sea-coast  location  of  our  permanent  works,  and,  I  might  add, 
because  of  our  probable  line  of  operations  toward  our  fron- 
tiers in  case  of  war." 

During  the  lecture  Captain  Knight  also  referred  to  the  com- 
parative range  of  ancient  and  modern  firearms,  and  to  the 
fact  that  while  the  modern  breech-loader  missed  fire  about  3 
shots  in  a  1,000,  the  old  smooth  bore  missed  as  many  as  300 
to  500,  and  even  Soo  in  the  case  of  the  old  flint-lock  in  wet 
weather.  Captain  Knight  strongly  advocated  the  use  of 
plunging  fire,  which  he  claimed  could  be  used  with  considerable 
effect  upon  defense,  when  the  latter  was  stationed  behind  high 
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parapets  and  comparatively  secure  from  the  effect  of  direct  fire. 

In  this  connection  he  drew  illustrations  from  several  in- 
stances of  attack  and  defense  which  occurred  during  the 
Russo-Turkish  war.  The  lecturer  also  impressed  his  hearers 
with  the  absolute  necessity  of  strong  supports,  both  in  case  of 
an  attacking  column,  which  might  capture  the  enemy's  first 
line  iif  defense  and  find  itself  exposed  to  a  murderous  fire  from 
the  second  line  of  defense,  giving  several  illustrations  as  to 
how  hard-earned  advantages  had  been  lost  owing  to  the  ab- 
sence of  such  support,  particularly  referring  to  the  check  re- 
ceived by  General  Skobelefl  at  Gravsetzka. 

In  the  case  of  attacking  columns  advancing  on  an  enemy's 
earthworks,  the  lecturer  drew  attention  to  tht-  fact  that  much 
depended  upon  the  general  in  charge  of  the  attack,  who  in 
order  to  effectively  feel  the  pulse  of  the  attack  should  be  sta- 
tioned, in  spite  of  the  great  personal  risk,  midway  between  the 
extreme  line  of  the  attack  and  the  reserve,  so  as  to  be  able  to 
correctly  judge  the  right  moment  in  which  to  call  forward  the 
reserves. 

In  all  attacks,  he  said,  there  are  the  reckless,  fearless  men, 
who  will  rush  forward  and  get  killed;  the  men  of  moderate 
courage,  who  will  stand  fire  for  a  considerable  time,  but  event- 
ually waver  if  subjected  to  severe  loss,  and  lastly,  the  faint- 
hearted men,  who  are  ever  ready  to  turn  tail  to  the  enemy. 

The  order  to  bring  the  reserves  into  action.  Captain  Knight 
claimed,  should  be  given  while  the  second  class  of  men,  the 
men  of  moderate  courage,  were  not  demoralized,  for  to  wait 
until  they  wavered  would  probably  mean  defeat. 

A  New  Style  of  Torpedo-Boat. — The  London  7Vm«says  : 
•'The  defects  of  the  old  second-class  torpedo-boats  have  long 
been  recognized  at  the  Admiralty,  where  also  the  desirability 
of  combining  in  one  vessel  the  speed  and  power  of  a  torpedo- 
boat  with  the  general  usefulness  of  a  pinnace  has  been  felt. 
The  vessel  which  was  tried  yesterday  is  known  as  Torpedo 
Boat  No.  50  on  the  official  list,  and  has  been  built  by  Messrs. 
Yarrow  &  Co.,  of  Poplar.  She  is  somewhat  shorter  than  the 
old  boats  she  is  intended  to  supersede,  but  she  has  increased 
beam  and  freeboard.  She  is  60  ft.  long  with  8  ft.  6  in.  beam, 
whereas  the  old  boats  are  63  ft.  long  with  only  7  ft.  4  in.  beam. 
The  new  boat,  which  has  a  lifting  weight  of  iij;^  tons,  is  steel 
built  throughout,  with  a  flush  deck,  and  has  a  mean,  draft  of 
2  ft.  3  in.  The  forward  part  is  completely  covered  by  a 
turtle-back  designed  to  throw  off  the  sea.  Beneath  this  turtle- 
back  is  a  small  cabin  in  which  about  a  dozen  men  can  be 
accommodated.  Aft  of  the  cabin  is  a  low  conning  tower  where 
the  steersman  stands,  and  from  which  position  the  officer  dis- 
charges the  torpedo.  The  whole  of  the  central  portion  of  the 
boat  is  occupied,  as  usual,  by  the  machinery.  Ah  of  the 
stokehold  and  the  engine  room  is  another  small  cabin,  which 
will  accommodate  a  dozen  more  persons,  and  between  it  and  the 
stern  is  the  storeroom.  The  boat  is  propelled  by  triple-ex- 
pansion engines  driving  a  three-bladed  screw  propeller.  The 
boilers  are  of  the  usual  Yarrow  type,  with  a  copper  fire-box 
and  copper  tubes.  The  furnaces  are  fitted  with  forced  draft, 
and  the  working  steam  pressure  is  150  lbs.  per  square  inch. 
The  boat  is  fitted  with  a  partially  balanced  rudder.  Her  arma- 
ment consists  of  a  revolving  torpedo  gun  which  is  carried  aft 
and  so  arranged  as  to  fire  over  either  side  of  the  vessel  at  any 
angle  it  may  be  desired  to  train  it  to.  The  object  here  in  view 
is  that  the  torpedo  shall  be  discharged  at  any  angle  while  the 
boat  is  going  at  full  speed,  instead  of  direct  ahead  as  in  the  old 
system,  which  involves  the  boat  being  brought  almost  to  a 
state  of  rest  in  the  face  of  the  enemy  and  under  the  fire  of  his 
machine  guns.  The  difficulty  of  hitting  a  rapidly  moving  ob- 
ject compared  with  one  at  rest,  as  demonstrated  by  recent  ex- 
periments, points  to  the  importance  of  keeping  the  boat  at  full 
speed.  She  will  also  carry  a  Nordenfelt  two-barrel  gun,  as 
used  in  the  English  service. 

"An  Admiralty  trial  of  the  new  craft  took  place  yesterday, 
the  object  being  to  carefully  compare  the  present  boat  with  the 
old  boats.  The  trial  was  therefore  made  on  exactly  the  same 
conditions  as  were  formerly  adopted,  and  consisted  of  a  full- 
speed  run  of  two  hours'  duration.  The  Admiralty  was  rep- 
resented by  Commander  Egerton,  Mr.  Smale.  and  Mr.  Shap- 
cott,  and  the  builders  by  Mr.  Crohn.  During  the  two  hours' 
run  six  runs  were  made  over  the  measured  mile,  three  with 
and  three  against  the  tide,  with  the  following  results  :  First 
run.  14.S15  knots;  second  run.  19.251  knots;  third  run,  15.126 
knots;  fourth  run,  19.780  knots;  fifth  run,  14.634  knots;  sixth 
run,  1S.274  knots.  This  gives  an  average  speed  of  17.147 
knots,  which  was  obtained  with  a  mean  of  507  revolutions  per 
minute,  and  this  speed  was  maintained  throughout  the  two 
hours' run.  The  average  speed  of  the  old  second-class  boats 
was  16.5  knots.  It  will,  therefore,  be  .seen  that,  notwith- 
standing that  the  new  boat  is  heavier,  shorter  and  broader 
than  the  old  ones,  there  is  actually   an   advance   of  speed   of 


over  half  a  knot.  During  the  trial  the  manoeuvring  powers  of 
the  boat  were  tested,  and  were  found  to  be  much  superior  to 
those  of  previous  second-class  boats.  She  turned  the  circle  in 
40  seconds,  the  diameter  being  35  yards.  There  was  an  en- 
tire absence  of  heel  when  turning.  Another  noticeable  point 
was  freedom  from  vibration.  During  the  trial  the  machinery 
worked  in  every  respect  to  the  satisfaction  of  the  authorities.  " 

The  Nicaragua  Interoceanic  Canal.  —  .\  Washington 
I  letter  to  the  .\'ew  York  7V/««  says  :  '■  The  Nicaragua  Canal 
Construction  Company's  expedition  to  survey  the  proposed 
canal  route,  which  was  to  have  sailed  from  New  York  on 
November  26,  will  not  sail  until  the  30th.  The  engineer  corps 
for  the  survey  has  just  been  completed.  Civil  Engineer  A.  G. 
Mcnocal,  L".  S.  N.  Chief  Engineer  of  the  Company,  has  made 
his  selections  with  great  care.  The  surveying  corps  will  be 
divided  into  seven  parties — five  land  surveying,  one  hydro- 
graphic,  and  one  boring  party.  Civil  Engineer  R.  E.  Peary,  U.  S. 
N..  will  have  immediate  supervision  of  the  work  in  Nicaragua. 
The  personnel  is  as  follows  :  Chiefs  of  Parties — J.  Francis 
LeBaron,  Jacksonville,  Fla. ;  Domingo  Garcia  Cariaya,  City 
of  Mexico;  Frank  P.  Davis,  Washington;  J.  W.  Pethard,  St. 
Louis;  Lieut.  W.  J.  .Maxwell,  United  States  Navy;  Peter  Kolb 
Hoboken,  N.  J.  First  Assistant  Engineers  or  "Transitmen — 
W.  V.  Alford,  Garrettsville,  O.;  S.  G.  Holcombe.  Washington; 
F.  T.  Bernhard,  New  York;  II.  C.  Miller,  Louisville,  Ky.; 
P.  H.  Bevier,  New  York;  MacDonough  Craven,  Boston. 
.Second  Assistant  Engineers  or  Levelers — Ricardo  Molina, 
Havana,  Cuba;  J.  S.  Ford,  New  York;  H.  C.  Litchfield,  Jack- 
sonville. Fla.;  Calixto  Guiteras,  Philadelphia;  A.  [.  Menocal, 
Washington;  E.  W.  Hunt,  Wisconsin.  Rodmen — Y.m\\  Die- 
bitsch,  William  McCawley  and  Perry  Fuller,  Washington; 
Enrique  Cole,  Managua.  Nicaragua;  Paul  Spicer,  Winchester, 
Mass.;  Paul  B.  Cooke  and  P.  V.  R.  \'an  Wyck.  Chairmen- 
Louis  William  Mohuan.  D.  D.  Stratton,  John  M.  Murphy,  R. 
J.  Wilson,  Henrv  W.  Johnson,  Washington;  Daniel  MacAulev, 
New  York.  Clerks— Jacob  Crowninshield,  New  York,  arid 
Charles  E.  Kern.  Washington.  There  will  be  a  number  of 
draftsmen  and  a  medical  staff  of  several  experienced  doctors. 

"  The  engineers  of  the  party  have  records  that  show  that  they 
have  practiced  their  profession  in  many  parts  of  the  world,  are 
experienced  and  well  known.  Mr.  Peter  Kolb,  of  Hoboken, 
N.  J.,  a  chief  of  party  and  graduate  of  the  Technical  University 
at  Carlsruhe,  Germany,  has  been  engaged  in  various  surveys 
and  construction  of  railroads  in  Mexico,  South  America,  and 
the  United  States.  He  was  for  some  time  employed  on  the 
Panama  Canal,  and  had  to  resign  his  office  on  account  of  the 
unhealthfulness  of  the  climate.  His  last  work  was  on  the 
Costa  Rica  Railroad  extension  to  Carlazo.  Frank  P.  Davis,  of 
Washington,  is  a  graduate  of  the  University  of  Michigan  and 
was  for  a  short  time  employed  in  the  War  Department  as  a 
draftsman.  He  has  been  in  charge  of  the  location  of  railroads 
in  Michigan,  and  for  some  time  was  Resident  Engineer  of  the 
Denver  &  Rio  Grande  R-iilroad.  Domingo  Garcia  Cartayais  a 
distinguished  engineer  of  Mexico,  and  has  figured  prominently 
in  the  railroad  enterprises  of  that  country.  I.  Francis  Le 
Baron,  of  Jacksonville,  Fla..  has  been  extensively  engaged  in 
engineering  enterprises  in  Florida,  having  surveyed  and  estim- 
ated for  a  number  of  canals  through  the  peninsula  and  other 
engineering  projects.  He  is  a  member  of  the  American  Socie- 
ty of  Civil  Engineers,  and  Secretary  of  the  Southern  Society  of 
Civil  Engineers,  and  the  author  of  standard  articles  on  the 
"  Archreology  of  Florida."  H.  C.  Litchfield,  of  Jacksonville, 
Fla.,  is  an  Englishman,  and  served  as  a  midshipman  in  the 
British  Navy.  He  left  the  service,  and.  after  being  graduated 
as  an  engineer,  accepted  employment  at  Natal,  South  Africa, 
and  later  joined  the  Cape  Colony  Government  railroad  service. 
He  remained  in  the  Colony  10  years,  and  left  the  Government 
service  and  went  to  Buenos  Ayres,  Brazil,  as  Chief  Engineer 
for  the  extension  of  the  Buenos  Ayres  &  Ensenada  Railroad. 
Later  he  returned  to  England,  and  a  year  ago  came  to  the 
United  States,  where  he  has  been  engaged  in  railroad  work. 
F.  T.  Bernhard,  late  Assistant  Engineer  of  the  Standard  Gas- 
light Company  of  New  York,  is  a  graduate  of  the  University  of 
VVisconsin,  in  which  State  he  engaged  in  the  State  Geological 
Survey,  and  afterward  went  to  Mexico  and  was  employed  on 
the  Mexican  National  Railroad,  J.  W.  Pethard,  an  English- 
man, was  formerly  an  officer  in  the  English  Navy,  and  has 
been  connected  with  extensive  engineering  projects  in  India." 

Railroad  Accidents  in  Switzerland. — The  Swiss  railroad 
companies  report  for  the  year  1886,  on  1,734  miles  of  railroad, 
59  train  accidents,  42  being  derailments  and  17  collisions.  Of 
these  collisions  10  were  caused  by  misplaced  switches  or  mis- 
takes in  signaling.  Six  derailments  resulted  from  defects  of 
rolling  stock  and  11  from  misplaced  or  defective  switches. 
The  report  shows  an  improvement  over  1885,  when  there  were 
I    23  collisions  and  63  derailments. 


